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Summary 

Background: Childhood overweight and obesity (OWOB) is associated with adult 

obesity (10) and ill-health (11); however the prevalence among young children in 

Ireland is unknown. For prevention programmes to target those children most in 

need, risk factors of OWOB and critical time points when these factors occur need 

to be identified. This thesis investigated in-depth the OWOB prevalence and risk 

factors among young children in Ireland. 

Methods: A literature review was conducted to identify a suitable child growth 

criterion for young children in Ireland. Prevalence of OWOB was assessed through 

secondary analysis of the Growing Up in Ireland National Longitudinal Study of 

Children. Families in the nationally representative infant cohort were interviewed 

when the children were nine months (n=11,134), three years (n=9,793) and five 

years old (n=9,001). At all ages, standardised weight and length/height among 

other variables were collected from the children and their caregivers. Associations 

of explanatory variables with children’s OWOB were analysed using binary logistic 

regression, and with longitudinal changes in body mass index (BMI) using 

multilevel regression models. 

Results: Using the World Health Organization growth standard and growth 

reference to define OWOB (using the 1-z-score threshold), 40.4% of the nine-

month-old children had OWOB, 45.7% of the three-year-olds and 31.5% of five-

year-olds. At all ages, high birth-weight-for-gestational-age, late birth and rapid 

infant weight gain were strongly related to OWOB and elevated BMI. At specific 

ages, caregiver OWOB and education, household income, family structure, ethnic 

background, geographic region, screen use, sleep duration, antibiotic use and 

childcare were also associated with OWOB and longitudinal changes in BMI. 

Discussion: Biological, material and psychosocial factors contribute to the high 

prevalence of early childhood OWOB seen in Ireland and risk factors should be 

targeted simultaneously to lower OWOB levels. Prevention should start as early as 

possible and be maintained throughout the early childhood.   
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CHAPTER 1:  

 

Introduction to overweight and obesity in the early childhood 

years   
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1.1 Overview of childhood obesity 

Childhood overweight and obesity (OWOB) is a severe health problem in high-

income countries, due to its high prevalence (12) and as it has been linked to 

significant increases in chronic diseases and associated mortality worldwide if 

carried into adulthood (11, 13, 14). Jointly, the co-morbidities of OWOB lead to a 

lowered life expectancy among overweight and obese individuals, and worldwide, 

more deaths occur due to OWOB than from the consequences of underweight and 

under-nutrition (13, 14). The latter remain a severe challenge for public health 

particularly in developing countries, where a double-burden of underweight and 

overweight is increasingly impacting the health of children (12). Globally, a 

minimum of 2.8 million (in 2016) (12) and up to 4 million individuals are estimated 

to have died from OWOB in 2015 (15). This marks an increase of up to 28% in the 

past quarter-century (15) and makes OWOB the fifth leading cause of death 

worldwide (14).  

Nearly 14% of children and adolescents aged two to 19 years are estimated to 

have OWOB globally (15) and in some countries, age-standardised mean BMI in 

children aged five years and older is already exceeding that of adults (12). Levels 

have consistently been high in various high-income English-speaking countries for 

more than four decades (12) and many European countries, including Ireland (16), 

reported that more than 20% of five- to 17-year-olds were overweight or obese 

(17).  

While few studies take the youngest age group into consideration, children at the 

ages of two to four years around the world were found to have higher OWOB levels 

than older children and adolescents in a recent study, suggesting an upward trend 

in OWOB prevalence if these younger children maintain their weight status (15). It 

is worrying to see that not only past trends of rising OWOB levels were seen in 

both children and adults, but that also future predictions suggest an increase in 

childhood obesity globally (18). This includes the youngest age group in Ireland in 

which increases are expected until 2030 (7), as shown in Figure 1. 

Notably, a rise in childhood obesity is likely to contribute to increasing adult obesity 

levels and associated morbidity (10, 19, 20). Worldwide, adult obesity levels have 
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risen six-fold since 1975 and increases in prevalence were seen in almost all 

countries over the past decades (12, 15), with at least 1.9 billion adults (a 

prevalence of 39%) found to be overweight or obese from 2014 to 2016 (12, 13, 

15, 21). The prevalence in Europe lies above the global average (22) and in 

Ireland, 39% of the population aged 15 years or older were overweight and an 

additional 23% obese in 2017 (23). This marks a dramatic increase in the last four 

decades (24) as can be seen in Figure 1. Also in adults, further increases are 

expected (9, 25) (Figure 1), possibly making Ireland the European country with the 

highest burden of OWOB by 2030 with levels of just under 90% (9).  
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Figure 1: Projections of the joint overweight and obesity prevalence in adults and young 

children in Ireland. Data of young children and of adults until 2015 as well as projections in 

young children were retrieved from the Global Burden of Disease Study 2015 (GBD 2015) 

(5, 7). Projections of adults were retrieved from Keaver et al. (9) 
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Evidence is accumulating that pregnancy, infancy and preschool age are a critical 

period for the development of obesity (20, 26-29) and associated cardio-metabolic 

risk (30, 31), possibly explaining the higher incidence of OWOB that was seen in 

this age group compared to that in later childhood (32). Accordingly, prevention 

programmes that address obesity in children before the age of six years were 

found most cost-effective compared to obesity prevention at later ages (33, 34). At 

this early stage, many children can still be protected from becoming overweight 

and from moving from the overweight into the obese category, which is why 

effective prevention efforts are needed as early on in the lives of children as 

possible.  

Policy-makers in Ireland put a strong emphasis on early intervention in order to 

gradually lower the number of Irish children with OWOB (35). While steady 

increases were seen in the body mass index (BMI) of children in Ireland from the 

late 1940s until 2005 (36, 37) estimates of obesity levels retrieved from recent 

studies are inconsistent; however the prevalence is likely to be high (38-41). For 

example, approximately one in five boys and one in four girls aged five years or 

older were found overweight or obese in 2014 (16). Particularly in children until the 

age of five, however, more research was demanded in a recent study as the 

evidence in young children in Ireland appears weak (16).  

Accordingly, this thesis aimed to investigate childhood obesity and its main 

determinants from the age of zero to five years in Ireland, in order to fill this 

research gap. Section 1.3 of this chapter will describe the research needs in the 

area of early childhood obesity in Ireland more in detail, based on which aims and 

objectives for this thesis were delineated (Section 1.4). In advance of this and in 

order to provide a context for the topic of childhood obesity, the consequences of 

childhood obesity for the health and development of children and for the Irish 

health system will be presented in the following section. 
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1.2 Consequences and co-morbidities of childhood 

overweight and obesity 

Childhood obesity has been linked to health risks and co-morbidities similar to 

those found in adults (11, 42), meaning that the early onset of OWOB increases 

the risk that adverse effects are experienced at a young age and put children into a 

disadvantaged position in their core period of development and growth, compared 

to children who maintain a healthy weight throughout childhood. These 

consequences may have irreversible and long-lasting impacts on children’s (later) 

quality of life as well as on their health and well-being throughout the life-course 

(43, 44), as will be outlined in the following paragraphs. 

 

1.2.1 Presence of overweight and obesity later in life 

Child BMI has been found to strongly predict obesity in adult life, particularly when 

obesity tracks from childhood into adolescence. Up to two thirds of obese children 

remain obese in adult life (10, 19, 20) and the highest BMI scores and metabolic 

risk were seen in obese Irish adults who had been overweight before the age of 

five years (45). Notably, already during the infancy period, adiposity increases the 

risk of OWOB presence in the later childhood and adolescent years, which 

highlights the importance of children’s early weight-related development for their 

lifetime risk of obesity (46). Obese parents can pass on the susceptibility to obesity 

(47, 48) and to associated co-morbidities to their offspring (49), which could create 

a viscous circle of passing on the risk of obesity from one generation to the next if 

early excess weight gains are not prevented.  

Notably, if adults were overweight or obese during childhood or adolescence, their 

associated risk of adult mortality was found to be between 40% and 60% higher 

than among adults who had maintained a normal weight throughout these years 

(44). Furthermore, a higher risk of diabetes mellitus (type 2 diabetes), various 

cancers (43), hypertension (44) and coronary heart disease was seen among 

those adults who had had an elevated BMI in childhood (10, 44). These risks may 

partly be reversed if children move out of the OWOB categories before adulthood 
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(50); however as this is unlikely once children are obese, their health risks increase 

further when they grow into overweight or obese adults. 

High BMI in adulthood is related to numerous diseases and health consequences, 

such as type 2 diabetes, hypertension, stroke, coronary artery disease, congestive 

heart failure (11, 51), asthma, pulmonary embolism and at least 13 different cancer 

types (11, 15, 52). Additionally, common consequences of OWOB are elevated 

rates of renal disorders, psychosomatic co-morbidities, digestive disorders, chronic 

back pain, osteoarthritis, gallbladder disease as well as chronic pain, psychosocial 

disparities and an overall reduced quality of life (11, 53, 54). The World Health 

Organization (WHO) classifies obesity as the fifth leading cause of death worldwide 

(14), predominantly due to chronic diseases (55), and in Ireland, it was the fifth 

leading cause of both mortality and disability in 2016 (56). Notably, more than one 

third of all deaths and morbidity related to a high BMI were seen in overweight 

individuals (which is the most prevalent group with excess weight worldwide) (15) 

while the risk of ill-health (45) and premature death appear to increase with 

increasing BMI and fat mass (57). This raises a need to target the prevention of 

overweight and of obesity jointly.  

 

1.2.2 Early onset of ill-health  

While many diseases related to OWOB only manifest themselves in adult lives, 

OWOB in children is also related to a poorer health-related quality of life (42, 58) 

and the earlier children start storing excess body fat, the earlier they were found to 

develop diseases or markers related to adult disease (42, 59). Two reviews of 

OWOB across the childhood and adolescence years found strong evidence for an 

increased risk of cardio-metabolic ill-health, particularly in the highest BMI ranges 

(42, 58). The findings from a European cohort study furthermore indicate that rapid 

increases in BMI in the ages from nine months to five years were strongly linked to 

metabolic risk in later childhood (30). Additionally, it has been shown that OWOB 

paired with physical inactivity in three- to ten-year-old children was highly linked to 

insulin resistance, which is a central component of the metabolic syndrome (60). 

The metabolic syndrome has individually been linked to childhood obesity in a 
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systematic review by Friend et al. (61). As a consequence, the risk of developing 

type 2 diabetes early in life is high among overweight and obese children (60).  

While for a long time cardiovascular ill-health has been associated with middle-

aged and elderly men in particular, studies now are pointing to an increasing 

prevalence among young adults and children (42) that may be explained in an 

increase of inflammatory processes among obese children (62). A European cohort 

study found that among two- to ten-year-old children, OWOB was associated with 

hypertension (63). Another systematic review identified an increased risk of arterial 

stiffness among five- to 24-year-olds who were obese, compared to their lean 

peers (59). This confirms that cardiovascular risk factors among obese individuals 

establish early in life, possibly leading to earlier onset of chronic disease and 

increasing the overall health risk (59). Some studies of obese children furthermore 

identified elevated levels of non-fatty liver disease, being another example of 

severe long-lasting health consequences (58). 

An elevated occurrence of some autoimmune diseases also was observed among 

obese children. A high number of studies point to increased levels of asthma and 

asthma symptoms among obese children (42, 64). The development of OWOB had 

previously been considered as a consequence of asthma or as developing in 

parallel due to mutual causes, whereas one systematic review found strong 

evidence that obesity in children preceded asthma onset in adolescence (65). The 

results of a meta-analysis furthermore showed that children who had been 

classified as obese at various ages from one to twelve years were twice as likely to 

develop subsequent type 1 diabetes as children without obesity (66).  

Orthopaedic symptoms and diseases may also result from early OWOB, such as 

flat foot in children, a degeneration of the disc found in adolescents and young 

adults, back pain, and the risk for atherosclerosis. This has important implications 

for the treatment and life-long progression of OWOB, as chronic symptoms 

experienced through these conditions may reduce the physical fitness of children 

(42) and accordingly the pursuit of physical activity throughout their lives (67).  

The daily functioning of children with an elevated BMI may furthermore be impaired 

by higher levels of sleep apnoea and other sleep problems (42). A systematic 
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review showed that obese children and adolescents who suffered from obstructive 

sleep apnoea had significantly better sleep outcomes after weight loss, whereas 

conventional treatment (adenotonsillectomy) was less effective in improving this 

sleep condition in obese compared to normal-weight children (68). 

In addition to physical ill-health, various studies indicate that obese children and 

adolescents tend to suffer from psychological disorders and symptoms of mental 

ill-health in different ways. Pulgaron (42) and Sanders et al. (58) reviewed the 

evidence from different countries and found a high risk for anxiety and depressive 

symptoms among children and adolescents with OWOB. Furthermore, obese 

children and adolescents were found at risk of different internalising and 

externalising behaviours and disorders, including a higher risk of Attention Deficit 

Hyperactivity Disorder, cigarette smoking, alcohol consumption and eating 

disorders, as well as increased levels of sadness, loneliness and nervousness, 

reduced social skills and a lack in self-esteem (42, 58, 69). In parts, these may 

arise due to the very common discrimination and stigmatisation of overweight or 

obese children based on their physical appearance (70). The mental health of 

overweight and obese children may therefore already be at risk at an early stage in 

life which is central to building relationships and developing social skills and self-

esteem. As a result, the development of obesity may lead children to suffer from 

multi-faceted adverse consequences both for their mental and physical health, at a 

time that is most crucial for their later health and well-being. 

 

1.2.3 Higher risk of multiple morbidity 

Children in the highest weight categories and BMI ranges tend to suffer from more 

than one weight-related health impairment simultaneously. A systematic review 

found moderate evidence for higher rates of negative hospital outcomes among 

obese compared to non-obese children (71). This includes mortality of critically ill 

patients, after organ or stem cell transplant, and among cancer patients. Beyond 

that, obese children may catch infections more easily and they may need to stay 

hospitalised longer (71). A high level of ill-health in children may negatively affect 
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their weight-related lifestyles, for example the symptoms experienced from various 

diseases may act as a barrier to children for taking up physical exercise (67). 

 

1.2.4 Early developmental disadvantages compared to lean peers. 

Finally, overweight and obese children appear to develop more slowly in many 

ways than their lean peers, putting them at a disadvantage in school and sports 

which may continue on into their adult lives (67). A systematic review found that 

neurocognitive functioning overall was poorer among obese children than in non-

obese. This included reduced motor skills, poorer executive functioning, lower 

levels of attention and poorer visuospatial performance among the obese children 

(67). A smaller study supports this finding (72).  

 

1.2.5 Cost of childhood obesity 

In addition to the co-morbidities and developmental disadvantages associated with 

OWOB that pose a threat to the individual health and well-being, the economic 

consequences of OWOB also put a burden on individuals, as well as on the 

healthcare system and society as a whole (16). The Organisation for Economic Co-

operation and Development estimates that 3.4 million potentially productive life 

years were lost in the European Union (EU) due to chronic disease in 2013, 

including 24,000 in Ireland (73). The associated economic loss in the EU is 

estimated at €115 billion (73) and health systems struggle to meet the associated 

increased need for treatment, making the reduction of chronic disease one of the 

EU’s main health targets (73). As mentioned above, the prevention of obesity has 

an important role in achieving this (55, 74, 75). 

In Ireland, an estimate of between €1.3 million and €1.7 million in healthcare 

expenditures for children is attributable to childhood OWOB annually (16). This is 

in addition to healthcare expenditures for adult obesity which are much higher as 

most co-morbidities only develop in the adult ages. Adult healthcare spending in 

Ireland attributable to OWOB was projected to reach €5.4 billion in a twenty-year 
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period if OWOB levels increase to 85-89% as projected by Keaver et al. (9) by 

2030. Combining childhood, adolescence and adult expenditures, the estimated 

average lifetime cost of childhood OWOB in Ireland based on 2015 expenditures 

exceeds €16,000 per child (16). Of these costs, 21% are related to regular health 

assessment and treatment. The remaining 79% are indirect costs not covered by 

the healthcare sector, but by employers, individuals and society (16). Societal 

costs related to productivity loss, such as due to absenteeism and premature 

death, as well as personal income losses are included in this amount. Furthermore, 

the estimate of €16,000 most likely underestimates the real lifetime cost 

significantly, as costs related to consequences of childhood OWOB on individual 

mental health and psychosocial well-being as well as on school performance and 

resulting career opportunities and outcomes were not accounted for in the study 

(16). 
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1.3 Research gaps 

1.3.1 Monitoring of childhood obesity 

The WHO identified obesity and related health problems as a major priority for 

prevention and intervention to tackle non-communicable diseases in the Glob a l 

A ctio n  P lan  fo r the  P reve n tion  a nd  Con tro l of Non co mmu n icab le Dise a se s  (74). 

Furthermore, it published specific aims and actions for Europe in the E u rop e an  

Fo o d  a n d Nu tritio n  A ctio n  P lan  20 15 - 2 0 20 , which include the objectives of 

monitoring weight status on national level as well as pursuing the use and 

knowledge translation of existing anthropometric data (55). In Ireland, OWOB has 

been made a major public health priority under the A  Hea lth y W e igh t fo r Ire land : 

Ob e sity Po licy a nd  A ctio n  P lan  20 16 - 2 0 25 , with a specific focus on children and 

families. One of the actions promoted in this plan is the surveillance of OWOB in 

order to inform interventions and policy-making in the future (35).  

Body mass index (BMI), which is a ratio of body weight (kg) over body height 

squared (m2), in infancy and at the age of five years (76) as well as weight changes 

between these ages were found to predict BMI and weight gains later in childhood 

and adolescence (77, 78). As the persistence of OWOB from a young age into the 

later childhood, adolescent and adult years is high (10, 19, 20), population 

monitoring for young children is most crucial to control the óobesity epidemicô 

among children, adolescents and, ultimately, adults. Through early monitoring, 

population trends can be detected at an age where prevention and intervention are 

most effective and have the highest potential to prevent negative consequences for 

children’s health and wider development (33, 34).  

A recent study conducted by the WHO European Regional Office found that 

insufficient surveillance data are available for European countries in this youngest 

age group (up to the age of five years) (79), similar to findings from the United 

States (US) (32). A barrier to the study of OWOB prevalence in young children is 

the limited number of entry points to sample children and collect population-

representative data (79). In addition, the WHO European Regional Office identified 

a need for the clarification and transparency of tools used to define OWOB among 

children up to the age of five years. No consensus on a standard definition for early 
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OWOB exists and various national and international child growth criteria are used 

by researchers across countries (79) and in Ireland (16, 38). No Irish child growth 

criteria are currently available (80); therefore it is not surprising that studies of the 

prevalence of OWOB in young children in Ireland, like in many other European 

countries, are limited (16, 79). An account of recent OWOB prevalence in young 

children is therefore needed that enables the identification of OWOB trends in 

Ireland over time, as well as comparisons with other countries. In order to facilitate 

this, consensus is needed as to which growth criterion should be used in infancy 

and subsequent childhood years. A more detailed background of existing growth 

criteria and a history of childhood obesity studies in Ireland are presented in 

Chapter 4 of this thesis. 

 

1.3.2 Inequalities in obesity prevalence and predictors of childhood 

obesity 

In addition to the overall obesity prevalence, childhood obesity has been outlined 

as a major public health issue in and across Europe due to significant disparities 

observed between different social groups that need to be addressed (35, 55). 

Recent findings show that the gaps in obesity prevalence between socio-economic 

status (SES) (81, 82) and between ethnic groups have widened among children 

(83). A report based on recurrent international health surveys estimated that socio-

economic differences were responsible for 27% of adolescent obesity in European 

countries in 2014 (84), indicating that early socio-economic inequalities persist into 

later ages. 

In Ireland, socio-economic differences were observed that impact the individual risk 

of obesity, and need to be addressed in the light of rising obesity numbers (35, 85) 

that are expected in Ireland (7, 9). While the Ob e sity Po licy a nd  A ctio n  P lan  sets 

out to reduce socio-economic differences of childhood obesity in Ireland by 2025, 

baseline data assessed in the report and used for subsequent evaluations only 

include children from the age of six years and over (35), and socio-economic 

differences in OWOB levels in young children were not investigated. This is 

surprising as the first 1,000 days of children’s lives are of increasing concern and 
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led Irish policy-makers to make this period one of their core priorities in addressing 

OWOB in Ireland (35). More specifically, a healthy start with appropriate guidance 

on obesity prevention in the first 1,000 days is regarded as crucial to the life-course 

approach which Ireland is aiming to follow in order to reverse rising obesity trends. 

The life-course approach sets out that good health should be promoted 

continuously throughout life by addressing exposure to risk factors that impact 

individual health at different life stages and hence contribute to overall individual 

and population health (35). It furthermore stipulates that these exposures may 

impact the health of succeeding generations through social transmission (86). 

Consequently, the exposure of some young children to obesity risk factors is likely 

to contribute to inequalities in OWOB outcomes across their lifespan and may 

additionally lead to inequalities in succeeding generations, which may explain the 

observed increasing gaps in prevalence between population groups. 

Accordingly, health indicators related to early childhood obesity need to be 

identified and defined so that they can provide entry points for sustainable 

prevention and intervention strategies on a policy-level in Ireland (35). From 2004 

until 2014, the Irish healthcare system, including child health(care) services, was 

largely reorganised and underwent reforms that may pave the way for such 

strategies if established in an effective and timely manner (87). For example, 

subsequent to these reforms, primary care was made freely available to children 

under the age of six years in Ireland to make access to care more equitable. In 

general, however, the Irish health system is constrained by a long history of 

stagnation, as well as declining budgets (in particular since the recent economic 

recession in 2008) that co-exist with high childhood obesity levels and health 

inequalities (87). Therefore, strategies to promote healthy weight gains in children 

should build on available evidence, in order to use the limited resources effectively 

and prevent future costs to the Irish healthcare system. 

Simultaneously, stressors found in the lives of young families in Ireland should be 

given consideration (88), in order to effectively tailor these strategies to the needs 

of families and increase the impact of healthy weight promotion in Ireland. The 

Social Ecological Model (SEM) provides a good framework for studying risk factors 

of childhood obesity as it includes numerous factors from different areas of 
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children’s lives; that is their individual level of risk factors, the family environment 

they live in and the community environment (89). The Comp lex web o f po ten tia l 

d e te rmina n ts of o ve rwe igh t a n d o be sity in  ch ildre n  by Monasta et al. (1) and the 

results of an additional comprehensive literature review furthermore added to the 

SEM based on more recent research findings. The extended framework was used 

to guide this thesis, as will be described in depth in Chapter 2. On the background 

of this framework, risk factors of early childhood obesity and population 

characteristics associated with inequalities in the obesity risk were identified that 

emerged in other studies and therefore appear relevant to the study of early 

childhood obesity in Ireland. For example, Chapter 2 presents prenatal factors and 

weight-related behaviours of children and their families that may put young children 

at an increased risk of OWOB. The theories underlying this thesis are that these 

risk factors and population characteristics lead to inequalities in early OWOB that 

occur through biological, material and psychosocial pathways, as will be explained 

in the context of the literature throughout Chapter 2 (86). Accordingly, a number of 

research hypotheses were formulated and presented at the end of Chapter 2.  

 

1.3.3 Role of cohort studies in studying childhood obesity 

Several countries have explored early childhood OWOB in birth cohort studies, 

such as Finland, Denmark, Norway, the United Kingdom (UK), the Netherlands, 

New Zealand and the US, in addition to a number of international cohorts (90, 91). 

However, this has not been examined in Ireland recently, where studies were only 

conducted in older children (92-96), regionally (40, 97) and in a small cross-

sectional survey (n=371) (98).  

Additionally, the Growing Up in Ireland (GUI) National Longitudinal Study of 

Children was initiated in Ireland and follows a nationally representative cohort of 

infants born in 2007 (99). The weights and lengths/heights of children in the GUI 

infant cohort were first assessed in 2008, when they were nine months old. 

Measurements were furthermore taken from the same sample of children when 

they were three years and five years old. Additionally, a large set of variables was 

collected from the cohort (99) which were identified as risk factors of early OWOB 
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in previous research (which will be presented in Chapter 2) and can be tested in 

relation to OWOB outcomes of young children in Ireland. The HSE  Fra me w o rk fo r 

A ctio n  o n  Ob e sity 2 008 - 2 0 12  mentioned the linkage to the GUI infant cohort as 

one of their research priorities for the surveillance of childhood obesity (100). While 

childhood obesity was investigated in sub-sets of the GUI infant cohort data 

previously (discussed in Chapter 4), to date, no comprehensive study of the cohort 

has assessed OWOB prevalence and longitudinal associations of obesity risk 

factors across all ages of the infant cohort.  

With three sequential measurements of weight and length/height now available for 

most children in the GUI infant cohort, the data offer a unique opportunity for 

longitudinal obesity research in young children in Ireland. As will be discussed 

more in detail in Chapters 2 and 3, a large proportion of studies that investigated 

OWOB in different countries are based on cross-sectional study designs. This 

raises a need for more longitudinal research that enables the identification of 

critical time points in young children’s lives and allows for stronger conclusions 

than findings from cross-sectional studies. Thus, while cross-sectional studies of 

early childhood obesity are valuable to enable easy comparisons with past studies, 

longitudinal research is needed in the Irish context to inform health professionals, 

researchers and policy-makers about OWOB levels and associated risk factors 

among (young) children in Ireland. These findings could be effectively translated 

into both targeted and population-wide strategies in order to help prevent future 

OWOB on a national level in Ireland. 

As the age group of up to five years has been identified as understudied both 

internationally and in the Irish context, the longitudinal data structure of the GUI 

infant cohort will be exploited in this thesis to investigate the BMI and weight status 

of children longitudinally.  
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1.4 Aims and objectives of this thesis 

Main aim of this thesis 

The overarching aim of this thesis is to investigate OWOB levels among infants 

and young children in Ireland and to identify how risk and protective factors of 

childhood obesity contribute to overweight, obesity as well as to different BMI 

trajectories in these children, in order to derive recommendations for future 

prevention and policy-making that aim at controlling childhood obesity and related 

consequences for population health in Ireland.  

Based on the research gaps identified in Section 1.3, the following research 

objectives were specified for this thesis: 

1. To investigate the prevalence of overweight and of obesity in a nationally 

representative cohort of children in Ireland at nine months, three years and 

five years of age, and to explore the impacts of the inconsistent use of child 

growth criteria used in studies of childhood obesity. This included the critical 

analysis of existing child growth criteria in order to identify criteria suitable 

for the study of young children in Ireland.  

2. To identify differences in early childhood OWOB that exist between 

population groups in Ireland, as well as based on a number of risk factors 

observed on the ind ivid u a l , fa mily , and co mmu n ity ,  d e mo g rap h ic  an d  

so ciet a l  level at the ages of nine months, three years and five years. This 

included the investigation of material, biological and psychosocial factors 

that may cause the development of OWOB in early childhood.  

3. To identify critical time points at which factors on the ind ivid u a l , fa mil y  and 

co mmu n ity, d e mo g raph ic a nd  so cieta l  level appear to have the most 

important influence on weight developments within young children and 

potentially lead to inequalities in the risk of childhood OWOB in Ireland. This 

required investigating children’s weight outcomes longitudinally. 
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1.5 Overview of chapters 

In the following chapter, the research aims presented above will be refined. Five 

research hypotheses will be outlined in Chapter 2 (Section 2.5), based on the 

results of a comprehensive literature review that builds the background of this 

thesis (Sections 2.3 and 2.4). The SEM was used as a framework to guide this 

thesis, as will be explained in Chapter 2 (Section 2.1).  

The methods used to investigate the hypotheses of this thesis are described in 

detail in Chapter 3 and the findings presented in separate Chapters 4, 5 and 6.  

Chapter 4 reports on the prevalence of OWOB in children from the GUI infant 

cohort, and it includes a critical analysis of different child growth criteria that are 

available to study OWOB in young children. Hypothesis 1 that the prevalence of 

OWOB among young children in Ireland is high is explored in Chapter 4. 

Chapter 5 corresponds to the second aim and shows the results of investigating 

risk factors and inequalities in relation to OWOB in the GUI infant cohort. Factors 

on various levels of the SEM and whether material, biological and psychosocial 

mechanisms may lead to inequalities in children’s individual obesity risk are 

explored (Hypotheses 2, 3 and 4). 

Chapter 6 shows the results of an advanced longitudinal analysis of BMI using the 

GUI infant cohort data that aims at the identification of critical time points early in 

children’s lives in relation to risk factors and population characteristics, as specified 

in the third aim (Hypothesis 5).  

Finally, Chapter 7 of this thesis discusses the findings from Chapters 4, 5 and 6 in 

relation to the children’s mutual context of growing up as young children in Ireland 

at the height of the worldwide o b e sity ep ide mic . The hypotheses tested throughout 

this study will be verified or rejected, based on which a number of conclusions are 

drawn that help clarify the current situation of early childhood OWOB in Ireland. 

Findings from previous chapters are used to map out recommendations for policy-

makers and for research. This includes the identification of strategies that might 

help prevent future increases in early childhood OWOB.  
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CHAPTER 2:  

 

Early childhood overweight and obesity in the literature   
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2.1 Introduction and objectives of this chapter 

To provide a context for the topic of childhood obesity, this chapter will present a 

comprehensive picture of the evidence that has been published in this field to date. 

Specifically, the growth of children from the gestational period through to their age 

of five years will be described (Section 2.3), in order to determine whether a child is 

growing healthily or whether their growth is characterised by excess weight gains. 

OWOB in the earliest periods of child development is related to a number of risk 

factors which will be discussed in the course of Section 2.3.  

Following from this, inequalities that were observed in childhood obesity levels in 

and outside Ireland between various socio-economic and demographic groups will 

be described (Section 2.4). Throughout the chapter, theoretical underpinnings will 

be discussed that may explain the observed relationships between a number of 

factors and early childhood obesity. These theories will be summarised in Section 

2.4.5. 

Finally, findings and gaps identified in this background chapter will be discussed 

(Section 2.5.1), subsequent to which the research hypotheses (Section 2.5.2) will 

be presented. 
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2.2 Conceptual models of childhood obesity 

The So cial E co lo g ical Mo d e l  (SEM) and the Comp lex w e b  o f p o te n tial 

d e te rmina n ts of o ve rwe igh t a n d o be sity in  ch ildre n  will jointly be used as a 

framework to explore existing risk factors of early childhood obesity. The 

background and details of this framework will be described here. 

 

2.2.1 The Social Ecological Model: Origin and use in childhood obesity 

The conceptual framework of this thesis is based on Bronfenbrenner’s ecological 

system theory, which evolved between the 1960s and 2005 and which led to the 

establishment of the SEM (101-103). According to Bronfenbrenner, the physical 

and psychosocial child development depends on the context or the environment 

the child grows up in; hence the ecological system theory has also been referred to 

as ‘development in context’ or ‘human ecology theory’. The environment of children 

as well as interactions between the children and different environmental 

components are unique to each child and therefore the complexity of these factors 

needs to be studied together, rather than investigating each environmental 

component on an individual basis. The original model by Bronfenbrenner grouped 

environmental factors that influence child development into four dimensions, 

namely the microsystem, mesosystem, exosystem and macrosystem (101), 

whereas the number and naming of these dimensions varies in SEMs developed 

by other researchers since then (8, 89, 104) (e.g. the model shown in Figure 2). As 

shown below in Figure 2, the dimensions are represented by circles around the 

child, with the microsystem having the most direct influence on children, and less 

direct influence existing in subsequent outer circles.
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Figure 2: Expanded version of the Davison and Birch ecological model of predictors of childhood overweight and obesity by Reed et al. (8) 
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Later in his career, Bronfenbrenner added a fifth dimension, time , to the original 

model which he described as ‘chronosystem’ (102). According to Bronfenbrenner’s 

theory, relationships between child development and different systems constantly 

change over time. For example, the community gains an increasing influence over 

time as children start going to school. Also family dynamics may change over time, 

for instance parental divorce may influence child development most during a 

narrow time window prior to and after divorce, but have a weakened influence as 

time passes by. Additionally, the historical context influences these relationships, 

as policies and social norms change. For example, in past generations, few 

mothers pursued full-time employment and accordingly influenced the development 

of children differently from today (103). The SEM has been applied and extended 

in previous studies investigating complex child health outcomes, including studies 

of childhood obesity (89).  

Use of the SEM in studies investigating childhood obesity, diet or the physical 

activity of children has been popular in the past and the interplay of factors on 

various levels of the SEM jointly explained weight-related behaviours and 

intervention outcomes in different studies (105-107). Moreover, the SEM has been 

applied to obesity research in older children in Ireland previously (108) and 

appears as a useful framework for studying childhood OWOB in the Irish family 

context.  

Different interpretations of the ecological systems theory led to the development of 

a number of SEMs with a focus on childhood obesity that all follow the same 

principles, but vary in details. In 2001, Davison and Birch (89) developed the 

E co log ical mo d e l o f p re d icto rs of ch ildh o od  ove rw e igh t , which depicts dietary 

intake, physical activity and sedentary behaviour as risk factors of OWOB on the 

individual child level, and the child’s age, gender and familial susceptibility to 

weight gain as moderating variables that influence children’s risk factors and 

subsequent weight gain through the interaction with factors on more distant levels. 

The more distant levels include family variables and parenting practices on the 

middle level, and community, demographic and societal characteristics on the 

outer level (89). Ten years later, Reed et al. (8) added prenatal and other risk 

factors to this model, based on the findings from their research, offering the more 
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comprehensive E xp a nd e d  ve rsio n  o f th e  Da viso n  an d  B irch  e co lo g ica l mo d e l o f 

p red icto rs of ch ildh o od o ve rwe ight shown in Figure 2 (p. 41).  

A number of other studies applied or developed similar models to investigate 

OWOB in children from an ecological perspective (109-112), for example Harrison 

et al. (104) developed the S ix - Cs  model that includes the six levels of cell, child, 

clan, community, country and culture. While the model is very relevant to obesity 

studies, factors captured under ‘country’ and ‘culture’ are understood to be 

relatively constant among young children born and growing up in Ireland. Children 

in Ireland are exposed to a mutual context of national policies, media coverage and 

norms that may be related to childhood obesity through their influence on food 

intake, physical activity and sedentary behaviours. Consequently, the in-depth 

study of the factors captured under ‘country’ and ‘cell’ as possible predictors of 

childhood obesity does not appear important for the identification of risk factors 

within this population. Therefore, the model proposed by Reed et al. (8) (Figure 2 

on p. 41) was used as a framework for guidance in this thesis and will be referred 

to as ‘the SEM’ throughout the course of this study.  

 

2.2.2 Extension of the Social Ecological Model based on evidence from 

the past 20 years 

The SEM by Reed et al. (8), which will be used in this study, is particularly useful to 

the study of obesity in very young children and infants. The SEM displays various 

levels of influences that are related to child weight outcomes, with the 

understanding that the inner level (individual level) has the biggest influence on 

child weight, and decreasing strength of influence the more distant levels are from 

the child. However, a few limitations of this SEM need to be acknowledged that 

have implications for this study. First, the SEM does not specify the weight with 

which each factor or level contributes to the individual obesity risk of children, nor 

does the SEM explain pathways through which factors influence the obesity risk 

(beyond the broad idea that outer levels influence levels which are located closer 

to the centre of the SEM). Secondly, the field of obesity research has advanced 

significantly since the original model was developed and modified for the study of 
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childhood obesity by Davison and Birch (89). Thirdly, the model by Reed et al. (8) 

is not specific to young children and includes factors related to OWOB outcomes in 

the later childhood years. Therefore, in addition to this theory-driven framework to 

the study of obesity, evidence-based findings need to be incorporated in the design 

of novel studies in order to study inequalities in childhood obesity in a 

comprehensive way. While Reed et al. (8) have added to the original model 

incorporating the evidence retrieved through their research, more components may 

need to be added based on studies with alternative designs and focuses.  

Particularly in a widely-studied field such as childhood obesity, systematic reviews 

and meta-analyses are useful tools to provide aggregate knowledge from studies 

that were independently assessed for their quality and are hence likely to provide 

valid and reliable evidence. Monasta et al. (1) have combined findings from 

numerous systematic reviews on early childhood obesity risk factors in their 

umbrella review. The authors identified and evaluated 22 systematic reviews that 

investigated OWOB in infants and young children from conception until the age of 

five years. Except one study from 1999, all systematic reviews were published 

between 2004 and 2008 (1) and can add to the original SEM of Davison and Birch 

(89). Based on the findings of the included systematic reviews, Monasta et al. (1) 

developed the Comp lex w eb  of po ten tia l de ter mina n ts o f o ve rw e igh t a n d o be sity in  

ch ild ren , a model that explains how risk factors are related to childhood obesity, 

and how some factors may additionally act as mediators for other risk factors (1). 

As a result, this model addressed the limitations of the SEM. 

In order for this study to investigate childhood obesity in a comprehensive theory- 

and evidence-driven way, the SEM by Reed et al. (8) and the C o mp lex web  o f 

p o ten tia l de te rmina n ts o f o ve rw e ig h t a nd  ob esity in  ch ild ren  by Monasta et al. (1) 

were merged (Figure 3). Both models include a variety of risk factors and 

population characteristics associated with childhood obesity in other studies, with 

some overlap between them. However, Monasta et al. (1) do not distinguish 

between factors that contribute to the obesogenic environment of children into 

various levels. Thus, risk factors displayed in the C o mp lex w e b o f p ote n tia l 

d e te rmina n ts of o ve rwe igh t a n d o be sity in  ch ildre n  were colour-coded according to 

the levels of the SEM suggested by Reed et al. (8), as depicted in Figure 3.  
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Figure 3: Complex web of potential determinants of overweight and obesity in children by Monasta et al. (1), (2), colour-coded according to the 

levels of the Social Ecological Model 

Note:  red colour = individual level; yellow colour = parenting style and family characteristics; blue colour = community, demographic and societal 

characteristics 

SES = Socio-economic status 
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2.2.3 Literature review: Risk factors of childhood obesity 

A literature review was conducted in order to identify literature that was published 

since the conceptualisation of Reed et al. (8) and the completion of the systematic 

reviews included by Monasta et al. (1), and to include factors that were excluded 

from the studies underlying both models.  

 

Search strategy 

A comprehensive literature review was conducted to identify potential risk and 

protective factors of (inequalities in) childhood obesity until the age of five years, 

based on literature that was published since the study of Monasta et al. (1). The 

main outcomes searched in the literature were childhood overweight, childhood 

obesity, or the combination of child OWOB, as well as BMI and other adiposity 

parameters. Additionally, the dietary quality or quantity and physical activity levels 

in children were included, due to their relevance to OWOB as prime drivers of 

energy intake and expenditure. 

Literature was identified using the database óPubMedô. Due to the complex nature 

of childhood obesity and to identify a high number of potential risk and protective 

factors, the MeSH terms ñpediatric obesityò and ñoverweightò (which includes 

obesity) were searched. As childhood obesity is a widely studied topic, the age 

filters ñ0- 23 monthsò and ñ2- 5 yearsò were used to exclude literature that was not 

relevant for these age groups. Additionally, the óCochrane Database of S yste ma tic 

Reviewsô was searched for the keywords ñchildò and ñobesityò (combined), in order 

to find important high quality research that may have not been listed on Pu b Me d . 

Grey literature from experts was identified using the E COG Obe sity e B o o k , which 

consists of topical collections of literature in the field of childhood obesity. As all of 

these collections are in some way relevant to the topic of this thesis, no predefined 

search terms were used to filter results. The Boolean operators ñANDò and ñORò 

were used to combine search or MeSH terms. 
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Titles were screened for relevance and abstracts of relevant articles reviewed to 

determine whether they fulfilled inclusion criteria. Inclusion criteria for all papers 

were English, French, German or Dutch language. Papers were included if they 

had been published between 2008 and 2018. However, due to the high number of 

studies published in the field, systematic reviews published within the last five 

years were prioritised. For each potential risk or protective factor, findings from 

individual observational studies were additionally included in the literature review 

only if these had been published after the latest systematic review that investigated 

this same risk or protective factor, or if findings from different studies were 

contradictory. Furthermore, studies explaining relationships between potential risk 

or protective factors and weight outcomes were included. Studies acknowledged 

within a systematic review or meta-analysis, and older studies that had been 

confirmed by more recent research, were not mentioned explicitly in this review, as 

the scope of available literature is too extensive to be mentioned in full. Therefore, 

this review should not be understood to cover all research falling within the 

inclusion criteria that was published since 2008. It is rather intended to provide a 

comprehensive up-to-date overview of established and emerging evidence on early 

OWOB risk factors, which needed to be considered for inclusion in the analysis of 

this thesis. Accordingly, this review should not be understood as an update to the 

systematic review of Monasta et al. (1) as different search criteria were used.  

Overall, preference was given to systematic reviews, meta-analyses, longitudinal 

studies and in particular to those studies using large samples, in order to minimise 

the risk of bias. Individual cross-sectional studies, case-control studies, case series 

or other studies with small sample sizes were only included if no other information 

on the given variable was found.  

Excluded from this review were intervention studies and studies focusing solely on 

children above the age of five years, on adolescents or on adults. Where there 

were similar studies identified combining different age groups, preference was 

given to those studies that focused on young children only. 

Studies that fell within the inclusion criteria were used as a basis for cross-

referencing; that means their reference lists were searched for additional literature. 

This was to identify more research findings, in particular those of relevant cohort 
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studies and researchers found in the initial searches. A number of specific study 

names or authors were separately entered into P ub Me d  if any indication was found 

that additional research had been published which appeared relevant to this 

literature review and had not been identified in the initial searches.  

 

Summary of study characteristics and quality of the evidence 

A high proportion of the existing evidence was derived from observational studies, 

as the study of risk factors in experimental studies, such as randomised controlled 

trials, is less common. Partially, this rather one-sided study of childhood obesity 

risk factors can be explained by the fact that OWOB develops over a longer period 

of time and based on a high number of impact factors. In contrast, experimental 

studies are usually limited to a short period of time and can hardly rule out the 

noise of latent obesity risk factors. Moreover, ethical concerns may arise in 

experimental studies when a defined exposure variable is expected to increase the 

obesity risk in children, unless this exposure occurs naturally in some children and 

can be incorporated in quasi-experimental designs.  

A significant proportion of the evidence underlying this literature review, including 

publications detailed in systematic reviews and meta-analyses, is based on cross-

sectional studies. Data on obesity risk factors retrieved from these studies covered 

various countries, risk factors and sample sizes that fell within the inclusion and 

exclusion criteria of this literature review. Cross-sectional studies can be limited in 

assessing whether children’s elevated BMI preceded or succeeded their exposures 

to risk factors and do not account for changes over time that may take place both 

in a child’s individual weight status and their exposure to risk factors. In longitudinal 

analysis, both can be analysed in the same population over time, which offers 

opportunities to retrieve a fuller picture of what influences children’s weight at what 

ages. A number of longitudinal studies (many birth cohorts) were also included in 

this literature review.  

It should be noted that for some relationships that were observed in the literature 

review, mechanisms were not exactly clear. Occasionally, clarity only existed that 
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the OWOB risk was increased or lowered in the absence or presence of a defined 

risk factor, but how this factor altered the risk of OWOB was not always tested.  

Findings of the literature review will be presented throughout Sections 2.3 and 2.4, 

outlining factors that are related to children’s early weight gains and that may 

contribute to inequalities in OWOB established in the young childhood years, as 

well as potential pathways that may explain the relationships observed in the 

literature. Following from here, an examination of the growth of children until they 

reach the age of five years will be undertaken, in order to define OWOB and 

healthy growth. Biological and psychosocial factors related to early OWOB in the 

literature review will be outlined throughout this section (Section 2.3).   
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2.3 Early child growth and childhood obesity 

The easiest way to determine an estimate of weight status is by calculating the 

individual BMI, which is based on measured height and weight (113): 

BMI = (weight in kilograms) / (height in metres) ² 

BMI has been found to correlate with total body fat (113) and health risks (10) and 

is useful to assess the prevalence of childhood OWOB on population level across 

countries (114-116). The generic BMI cut-off values for adults (Appendix 1) are not 

applicable to children, who are supposed to have lower BMIs up to the age of five 

years due to their different physique. Children go through periods of growth 

throughout their development that imply changes in the relation of weight to length 

or height that occur naturally along with changes in age and that vary slightly 

between the sexes; thus weight, length/height, age and sex need to be examined 

in relation to each other (116). The following paragraphs will describe the growth of 

children throughout the foetal, infantile, toddlerhood and early childhood phase, 

based on which healthy and unhealthy weight ranges can be distinguished and the 

presence and prevalence of OWOB in young children be assessed. As this thesis 

investigates differences in (relative) weight, but not height gains, only a synapsis of 

length/height developments will be provided while the main focus is on weight. 

 

2.3.1. Prenatal development 

From conception until birth, children experience the fastest period of growth, 

gaining about 30% of their adult height (117). To assess whether adequate foetal 

growth took place, the length and weight of children at birth are measured in 

hospitals following standardised procedures and particularly birth weight is used as 

an early indicator of nutritional status (118). Low birth weight is commonly defined 

as 2500g or below and macrosomia, which is the medical term for high birth 

weight, is usually defined as equal or above 4000g, or alternatively as above 

4500g (119); however different classifications exist (120). As children’s birth weight 

and length is expected to increase with longer gestation (117), the assessment of 
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weight in relation to gestational age at birth can be used in addition to absolute 

birth weight to identify heavy or light children among those born pre-term or late 

(118). Additionally, while term infants are born with about 13% of body fat (121), 

much lower levels are stored in preterm infants at birth (117). The classification of 

new-born infants as small-for-gestational-age (SGA), appropriate-for-gestational-

age (AGA) and large-for-gestational-age (LGA) thus provides a more accurate 

reflection of intrauterine growth (122) and foetal growth restrictions than absolute 

birth weight categories (123).  

In addition to gestational age, variations in weight and length at birth depend on the 

uterine environment and nutrition, which in turn is influenced by the maternal diet 

and by maternal size (117). Birth records suggest that the risk for children to be 

born LGA is elevated if their mother had been overweight or obese prior pregnancy 

and is highest if she gained excessive weight during pregnancy (124). This has 

been confirmed by studies using absolute measurement of birth weight (124-126). 

Furthermore, term children born to mothers with high gestational weight gain 

(GWG) were found to have an increased proportion of fat to lean mass at birth 

(119). Maternal OWOB prior to becoming pregnant was additionally found to 

increase the risk of preterm birth (119, 126), whereas underweight women are at 

an increased risk to give birth to a child with small birth-weight-for-gestational-age 

(BWFGA) (125). Evidence is accumulating that an interaction may exist between 

GWG and pre-gestational weight, hence separate GWG recommendations exist for 

women of differing pre-gestational weight categories (119, 127).  

Maternal diseases also were related to foetal weight gain. Pre-eclampsia, a 

condition characterised by high blood pressure during pregnancy, was related to 

lower BWFGA in the offspring of affected women (128). Additionally, a longitudinal 

study found that the ratio of fat and lean mass, adjusted for gestational age, was 

higher in foetuses of mothers with gestational diabetes mellitus (GDM) than of non-

diabetic mothers, and that, foetuses of mothers with GDM were generally growing 

faster (129). GDM is a temporal insulin-resistance that occurs only during 

pregnancy, usually in the second half of pregnancy (130)1.  Accordingly, women 

                                                           
1 Insulin is a hormone produced by the pancreas and needed to break down glucose (sugar).  
Hyperglycaemia describes high rates of glucose levels in the blood, which occurs if not enough 
insulin is produced to lower blood glucose levels effectively (130).  
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suffering from GDM are at a higher risk to give birth to LGA children (124) or 

children with high birth weight (119). This relationship is understood to be based on 

a higher level of blood glucose, fat and amino acids transferred to the child through 

the blood chord, or higher production of anabolic hormones and other growth-

promoting factors (119). A large Swedish birth cohort study found a positive 

association between pre-pregnancy BMI and risk of GDM, showing that severely 

obese pregnant women had the highest risk to suffer from GDM. Particularly, those 

obese pregnant women who had themselves been born SGA or LGA had an 

additionally elevated risk of GDM, whereas no association with their own birth 

weight and GDM could be shown in normal weight women (131). Additionally, the 

risk of GDM is higher in women with high GWG (119), showing how these factors 

can jointly contribute to high birth weights. 

Nevertheless, maternal gestational disease should not be seen as a static 

precondition to elevated foetal weight gain as the treatment of GDM through a 

controlled diet or insulin therapy has the potential for lowering this risk (119). This 

highlights the importance of gestational behaviours in the prevention of childhood 

obesity, in addition to biological factors. Similar conclusions can be drawn from 

associations seen between gestational smoking and birth weight. Specifically, 

children of smoking mothers were found to suffer from nutrient deficiencies in the 

womb and after birth, which increased their risk of lower birth weight and BWFGA 

in a number of studies (128, 132, 133). As nutrient deficiencies and in utero 

exposures as well are held responsible for the subsequent development of early 

child OWOB, these relationships will be explored in the following sections. 

 

Overweight and obesity susceptibility in the prenatal phase 

All of the above factors that contribute to variations in weight and length at birth, as 

well as birth weight itself, were found to be associated with early OWOB in 

previous studies.  

The earliest individual factor that may determine how children grow and that is 

already present in the unborn child is the individual genetic makeup (47, 134). A 
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large proportion of the human genome has not been fully understood and the 

functions of many genes (135), such as in relation to childhood obesity, are 

unknown (120, 136, 137). No sole gene that can be held responsible for rising 

obesity numbers has been identified (138), however, estimates indicate that 

genetics may be liable for between 40% to 70% of differences related to the 

individual obesity risk (136, 139). Mechanisms behind genes known to impact the 

obesity risk (120, 140-143) are not fully known, but most likely these genes act in 

congruence with environmental factors and other genes (143, 144). Genetic 

mechanisms are possibly linked to differences in the expenditure of energy, 

appetite and satiety regulation (135), food preference, intake and uptake, as well 

as growth differences among carriers of obesity-promoting gene variants (141, 

142). Epigenetic mechanisms2 are additionally likely to explain relationships, for 

instance the function of a gene may be temporarily or permanently disabled or 

weakened subsequent to exposure to early life factors (140, 142, 146). 

Strong evidence has been found that a high birth weight is associated with an 

increased risk of childhood obesity at different ages (27, 120). Nonetheless, a 

systematic review by Ino (147) concluded that low birth weight is an independent 

risk factor of later childhood obesity. In addition to absolute birth weight, children 

born with a large BWFGA were found to weigh more during early childhood (148), 

primary school age (149) and as adolescents (150).  

Maternal weight status at the onset of pregnancy has consistently been found to 

put children at a higher risk of OWOB (120, 151). In one meta-analysis, children’s 

risk to develop OWOB was found to increase three-fold in the offspring of obese 

women (152) independent of other known risk factors of childhood obesity. In 

addition to pre-gestational measurements, maternal weight status measured later 

during the early childhood years was strongly associated with childhood obesity in 

numerous studies (153). Additionally, while less research has focused on the 

influence of paternal weight status on offspring obesity, Patro et al. (154) conclude 

that pre-pregnancy BMI by the mother and by the father are equally important in 

                                                           
2 ‘Epigenetics’ is an overall term describing changes in the expression of genes which cannot be 
explained by changes in the DNA sequence. The predisposition to such changes, the ‘phenotype’, 
is heritable, but its activation can be triggered by events and conditions in the external environment 
(145). 
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the subsequent development of OWOB of their child, whereas a weaker 

contribution of paternal than of maternal weight status to children’s OWOB was 

found in another study (155).  

In addition to parental weight status, a high maternal GWG has been identified as 

an independent risk factor of OWOB in offspring (27, 120, 156), both during infancy 

and throughout all child and adolescence ages (48, 119). Children born to women 

with high GWG furthermore tend to have an early onset of OWOB and maintain 

their OWOB during childhood (119), even though GWG may have less influence on 

children’s weight status than the maternal pre-gestational BMI according to one 

study (151). Additionally, first evidence is emerging suggesting diverging strengths 

of GWG effects on child weight per trimester of pregnancy (120), with a more 

severe association seen with GWG in the first and second trimester (48, 119). This 

suggests a direct relationship between GWG and childhood obesity which may be 

explained by an increased intrauterine transmission of fatty acids or glucose to the 

foetus (48). Moreover, a relationship appears to exist between GWG, maternal pre-

gestational OWOB and childhood obesity that may in parts be mediated by 

maternal insulin resistance and blood glucose levels during pregnancy (119). 

Furthermore, it is likely that an intergenerational transmission of the OWOB risk 

from parents to their children takes place that can be explained by their shared 

genes (47, 86). Other studies additionally consider that a relationships between 

maternal weight status, GWG and offspring obesity may be either of genetic nature 

or lifestyle-related (48), or a combination of those with epigenetic mechanisms and 

a shared environment (157, 158).  

The cumulative findings from the numerous studies presented above indicate that 

a number of risk factors appear to occur before or during gestation that may 

explain both differences in birth outcomes (birth weight and gestational age) as 

well as in the subsequent development of OWOB. Several of these risk factors 

appear to be interrelated and can potentially be explained by various biological 

mechanisms. While parents do not have full control over these risk factors and 

mechanisms, it should be noted that these mechanisms partly appear to be 

influenced through (pre-)gestational behaviours and healthcare and may therefore 

be modifiable if targeted early.  
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2.3.2 Infancy 

Infants experience high weight, length and BMI gains; however growth is slower 

than in the prenatal period and does not evolve in a linear way. Shortly after birth, 

infantile growth increases steeply, before it slows down around the age of between 

18 to 24 months (117, 121). Until 18 months of age, children gain about 15% of 

their adult height. Mainly the rate of growth depends on the nutrition and health 

status of children, as well as their thyroid function. Furthermore, length gains vary 

based on genetic predisposition (117).  

Immediately after birth, children’s weight tends to decline by 5 to 8%, due to the 

influences of a changing environment which new-born children need to adjust to, 

such as changes in mechanisms of nutrient and water uptake. After 14 days, 

infants are supposed to have grown back to their birth weight and should gain 

between 14g and 28g of weight daily until the 3rd month. By five months of age, 

birth weight should be doubled, by twelve months of age it should be tripled and by 

24 months nearly quadrupled. Simultaneously, the proportion of body fat reaches 

its peak of 20-25% at around twelve months of age and falls slowly thereafter 

(121). Throughout infancy, boys tend to be both heavier and taller than girls (121).  

In children born preterm or with a small BWFGA, catch-up growth towards mean 

weight is common within the infantile phase and similarly, children born with a large 

BWFGA may experience catch-down growth (113, 117). Growth patterns 

throughout infancy can additionally vary depending on whether children were 

breastfed or infant formula-fed (113). As BMI in the first two years of life can 

predispose infants to later OWOB (120), both infant weight gain and infant feeding 

practices will be discussed more in detail now. 

 

Rapid infant weight gain 

Strong evidence suggests that children with catch-up growth (159) or rapid weight 

gain (independent of birth outcomes) in the first year (27), or first two years of life, 

are more likely to have OWOB later in childhood (120, 160). For example, one 



56 

longitudinal study including nearly 45,000 children concluded that rapid weight gain 

in the first six months of life was associated with the highest prevalence of OWOB 

five and ten years later (160). Catch-up growth specifically has been related to the 

development of ‘catch-up fat’, which may be stored in the body due to changes in 

the regulation of adipose cells by insulin. It is possible that this event early in life 

programs cells to store glucose in the future more than cells of individuals who 

never experienced a shortage of nutrients or other reasons why catch-up growth or 

rapid weight gain in general may take place (161). 

Importantly, inadequate weight gain or weight loss during infancy (referred to as 

‘faltering growth’ or ‘weight faltering’) over a sustained period of time is associated 

with impairments of the physical development of children (117). Accordingly, 

parents regard weight gain in children as positive and tend not to be concerned 

about the risk of obesity at that age. As a result, little awareness exists for weight 

gain that may be too rapid (113). Rapid infant weight gain is common in children 

born SGA (159) or early (162). As maternal pre-pregnancy BMI was found to be 

indicative of pre-term births (119, 126), it also puts children at a greater risk of early 

rapid weight gain (162) and subsequent OWOB (120). Furthermore, children born 

to mothers with high GWG were found to have a higher risk of rapid growth in the 

first year of life (163). Additionally, rapid infant weight gain has been related to 

feeding practices (162). 

 

Infant feeding 

The rate of weight gain in infancy was found to depend on feeding practices (162, 

164, 165), and associations with childhood obesity throughout the first five years of 

life were found on two dimensions: type and composition of foods fed to the 

infants, and timing and duration of feeding these foods to children before the child 

commences to follow the family diet.  

With regards to the type of foods, evidence exists that children who were breastfed 

by their mother are protected from OWOB later in life, compared to children who 

received formula as a breastmilk substitute (27, 147). Importantly, this appears to 
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hold true even if other risk factors of childhood obesity are present, such as the 

exposure to GDM (166). Formula feeding, in turn, has been associated with rapid 

weight gain during infancy and in early childhood (162). Furthermore, there is 

limited evidence suggesting that exclusive breastfeeding is required to achieve a 

beneficial effect of breastfeeding on later child weight, as opposed to a 

combination of breastfeeding and bottle-feeding or breastfeeding and the feeding 

of solid foods (167). Exclusive breastfeeding implies that no foods or liquids other 

than breastmilk are given to the infant (168). Also the individual macronutrient 

composition of breastmilk may play a role in children’s weight gain. In one study, 

caloric density and fat content of breastmilk were inversely associated with obesity 

risk and BMI in twelve-months-old infants, and particularly with the rate of weight 

gain between the ages of three to twelve months. In turn, higher BMIs were seen if 

the breastmilk contained more carbohydrates or protein (169).  

An analysis of hormonal breastmilk components furthermore revealed potential 

explanations for the benefits seen in breastfed children. In contrast to infant 

formula, different hormones are present in breastmilk that appear to have a role in 

children’s appetite regulation and metabolic processes (27). These hormones 

include grehlin (170) and leptin (171), which have a function in the stimulation of 

appetite, as well as obestatin, which is suspected to be involved in the regulation of 

appetite (120). A breastmilk component directly linked to growth from early life until 

adulthood is the insulin-like growth factor 1, and further associations have been 

suggested with peptin YY (27). Other breastmilk components include adiponectin 

and resistin, both of which are related to insulin sensitivity (120).  

In addition to hormonal mechanisms of breastfeeding, breastfed infants may be 

better able to develop a sense of satiety-responsiveness as they determine amount 

and timing of food intake and as parents are less likely to intervene with this (172). 

However, it is speculated that the protective effect of breastfeeding seen in many 

studies may be mainly due to confounding factors (173), an example being 

beneficial effects of breastfeeding on the prevention of child diseases, which may 

themselves play a role in weight gain (167).  

Furthermore, the timing and duration of feeding practices appeared as a risk factor 

for childhood obesity in the literature. A number of researchers disagree that any 
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form and length of exposure to breastfeeding is beneficial for children’s weight gain 

and weight status in adult life (120, 167, 174). Their findings indicate that 

breastfeeding is only beneficial if pursued for a minimum period of four or six 

months, and that a prolongation to up to nine months, eleven months or 24 months 

would further increase benefits (27, 174). Also the WHO recommends a minimum 

duration of six months of exclusive breastfeeding for healthy child development 

and suggests that longer breastfeeding possibly maximises health benefits (175). 

Related to the duration of breastfeeding or alternatively formula feeding is the 

timing of weaning, when solid food starts being given to a child in order to transition 

from infant feeding to the family diet. The timing of weaning has been discussed as 

a critical aspect that was related to later child weight in a meta-analysis (176); 

however numerous other studies concluded that this relationship has not been fully 

clarified (27, 120, 174, 177). Despite the conflicting evidence base, most studies 

conclude that solid food should not be given to an infant before the age of four 

months, whereas other studies set the minimum ideal age to be reached at three 

months, 15 weeks or 20 weeks (177).  

In summary, various indicators on the level of family and parenting practices were 

related to childhood obesity in past research and strong links were particularly 

found in relation to factors occurring before and during pregnancy which were 

discussed in relation to birth outcomes. These factors may alter the early OWOB 

risk at least partly through mechanisms of rapid infant weight gain. Additionally, 

infant feeding practices appear relevant to the individual OWOB risk of young 

children, stressing the importance of biological pathways in the obesity prevention. 

Direct assessment of individual hormonal processes and the transmission of 

nutrients in utero discussed in this chapter is invasive and hence not feasible on 

population-level; however birth outcomes, infantile growth and infant feeding can 

be used as proxies to study these mechanisms. 

2.3.3 Child growth after infancy 

After the infantile period, height gains continue to decelerate until about the age of 

ten years, when a final spurt and peak height velocity is reached during puberty. 
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Height gains after infancy are determined by a combination of health and well-

being, presence of growth hormones, thyroid function and genetics (117).  

From the age of around two years, the weight gain of children is supposed to slow 

down to about 2kg per year. Weight gains become relatively smaller than height 

gains, leading to slow constant decreases in BMI score and in the proportion of fat 

to fat-free mass until the adiposity rebound is reached (121). The adiposity 

rebound marks the change from declining to inclining BMI which is a transition 

seen in the growth of all healthy children at what point their BMI is at its minimum. 

Traditionally, this takes place between the ages of five and seven years, although it 

has already been observed in younger children. Children with an early (before the 

age of five years or 61 months) or very early adiposity rebound (by 3.5 years or 43 

months) appear to have an elevated risk of OWOB (178). Notably, higher 

occurrence of early adiposity rebound was found among children with at least one 

obese parent, indicating that a relationship between the two risk factors may exist 

(178). In contrast, breastfeeding was related to a later adiposity rebound which 

may mediate relationships seen between OWOB and infant feeding (173).  

In the transition from infancy through to preschool-age, children start acquiring 

lifestyles that contribute to their individual OWOB risk and hence constitute the 

core components of the individual level of the SEM. In its simplest definition, weight 

gain equals energy expenditure subtracted from energy intake (13). The two major 

factors that influence weight gain according to this equation are the dietary in- and 

uptake of children, as well as their level of physical activity. These factors will 

therefore be explored more in detail below.  

 

Contribution of children’s lifestyle factors to the individual risk of 

overweight and obesity 

Diet 

Pearce and Langley-Evans (179) found that a high energy intake during the period 

of complementary feeding is associated with later OWOB. Nonetheless, in a time 

where OWOB levels were increasing among young children in many countries, a 
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simultaneous trend of decreasing energy intake was observed, based on which 

explanations for excess weight gain as simple as that by Pearce and Langley-

Evans (179) might be questioned (173). To elaborate on this relationship more, the 

consumption of fat and sugar, which are generally associated with high energy 

intake, thus need to be discussed as potential obesity risk factors. 

Even though the relationship between dietary fat intake and early obesity is unclear 

(173) it is possible that, against expectations, a diet high in fat may protect young 

children from OWOB (180), as was also implied by the association seen with 

breastmilk composition (169). Limited evidence suggests that reduced fat intake in 

early childhood may promote leptin resistance, a biological mechanism that 

possibly increases the OWOB risk. While many dietary patterns throughout the 

early child ages tend to be persistent (180), a high fat consumption at the age of 

ten months was not found to track into later childhood, at which point high fat 

consumption may in fact increase the OWOB risk. Accordingly, restrictions on 

children’s early dietary fat intake do not appear necessary and a gradual decrease 

of fat intake is only recommended from the age of three years onwards (173).  

Similarly, the relationship between carbohydrate intake and OWOB is not clear 

(120); however one study found that sugar intake in one- to two-year-old children 

may be related to increases in BMI (181). Furthermore, sugar-sweetened 

beverages (SSB) and overall sugar consumption have been related to increased 

weight, BMI, waist circumference (181) and an increased risk of OWOB in young 

children (27). Notably, two- to nine-year-old children have been found to commonly 

exceed levels of recommended sugar intake, particularly during weekend days 

(182). Another cause for concern is the quality of commercially available infant 

food in the UK; this was investigated in 2013 and was found to be too high in sugar 

content and energy density for children’s needs (183).  

Findings from a number of studies on protein intake point to a possible relationship 

between a high-protein diet during the first two years of life and subsequent OWOB 

(120, 179, 184), whereas the evidence after this age is limited (185). ‘High’ protein 

intake in young children (at one year of age) is defined as 15-20% of their total 

energy intakes retrieved through proteins (186) and may potentially increase the 

OWOB risk through the promotion of an early adiposity rebound (173). An 



61 

Australian cohort study investigated protein consumption in children at their ages of 

nine months, 18 months and five years and concluded that children’s protein intake 

was two to three times higher than recommended and mainly retrieved through the 

consumption of animal products (186). Limited evidence suggests that early animal 

protein intake may have a stronger impact on later OWOB levels than the 

consumption of vegetable protein, possibly through children’s endocrine responses 

to animal protein (185). Insufficient evidence exists to manifest a potential 

relationship between dairy intake in infancy and OWOB later in childhood (179). 

Rolland-Cachera et al. (173) postulate that a trend towards the use of low-fat milk 

alternatives to common full-fat milk has led to an increase of protein intake and a 

reduction in fat intake among infants that co-occurred with the rise in OWOB 

numbers across Europe in the 1960 to 1990s. The difference in low and full fat 

dairy products may explain why no clear relationship between dairy consumption 

and childhood obesity was seen (179).  

Despite the overall understanding that an excess in energy intake, relative to 

energy expenditure, leads to elevated weight gain, studies provide insufficient 

evidence to derive clear recommendations in terms of what children particularly in 

the period of complementary feeding should or should not eat to avoid OWOB (27). 

A reason for the limited evidence on a potential association between individual 

food (groups) and childhood obesity could be their joint impact on children’s 

metabolism and weight status. One study identified three main clusters of eating 

patterns among European children: one was characterised by a high consumption 

of fruit and vegetables, whole grain products and little consumption of processed 

food, a second pattern involved an overall balanced diet with only few foods 

standing out as preferred options, and the last pattern involved typical fast-food 

characteristics (187). A cluster characterised by a high consumption of vegetables 

and wholemeal was also identified in another study as having reduced levels of 

OWOB two years after children had been attributed to this cluster (188).  

Potentially, this relationship between food clusters and OWOB does not only exist 

because of the contribution to the total caloric and macronutrient intake, but also 

due to influences on the metabolism and wider health of children. Children’s low 

intake of vegetables has been linked to chronic inflammation, as measured by the 
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C-reactive protein. Chronic inflammation may additionally be promoted through the 

regular consumption of SSB, mayonnaise and cereals and is possibly lower in 

children eating fruit spreads or honey. Nonetheless, associations with child weight 

status in this regard are not clear (189).  

Even though research in this area is novel and more research is needed (120), the 

relationship between metabolism and childhood obesity can be explained by 

variations in children’s gut microbiome and possibly the timing of microbiotal build-

up (120, 190-192). Biological mechanisms underlying this relationship have not 

been fully clarified, but initial evidence points towards changes taking place in 

hormones that signal satiety (193), increased usage and storage of indigestible 

carbohydrates as trig lyce rid e s  (lipids) (194), and altered lipid processing of the liver 

(195). The consumption of sugar (and of fructose in particular), that is typical to the 

diet in Western countries, may have resulted in a global shift towards a microbiome 

with altered metabolic capacity (196). Additionally, previous studies found that the 

gut microbiota differ between infants and young children who were breastfed and 

those who were not (197, 198). Similarly, the gut microbiota composition differed 

according to the gestational age at birth, timing of weaning (197), exposure to 

antibiotics in infancy and parity (198), all of which were outlined as obesity risk 

factors earlier or will be discussed in the course of this section. Researchers 

furthermore assume that antibiotic exposures are responsible for a decrease in gut 

microbiota, which may explain increases in weight or weight status after antibiotic 

use (195, 199). 

 

Physical activity 

The World Health Organization (WHO) (200) recommends that children at the age 

of five years should engage in a minimum of 60 minutes of moderate and vigorous 

physical activity every day, pointing to additional benefits for health that can be 

taken from physical activities exceeding this recommendation. Nevertheless, only a 

small proportion of children from two to eleven years across Europe were shown to 

achieve recommended physical activity levels (201). 
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Increased physical activity levels from four to six years of age are strongly related 

to lower levels of OWOB later in childhood in a number of studies (202, 203), while 

no research has been identified that validly studies the relationship between 

OWOB and physical activity levels in the youngest children (120). In addition to the 

direct effect of increased energy expenditure on body weight, physical activity 

appears to lead to decreased food intake immediately after exercise (204). 

Accordingly, systematic reviews of intervention studies conclude that interventions 

should ideally combine dietary and physical activity components in order to 

effectively reduce obesity levels among children and adolescents (205). Physical 

activity may furthermore activate epigenetic mechanisms that protect children with 

a particular genetic make-up from OWOB (142). Barriers to physical activity 

mentioned by mothers of preschool-aged children in qualitative interviews suggest 

that time constraints, as well as parental safety concerns limit children’s access to 

physical activity (206). Furthermore, maternal stress was associated with lower 

physical activity levels in children (207).  

In order to assess the full scope of children’s activity levels, their time spent with 

sedentary behaviours also needs to be studied, as particularly children with a low 

physical fitness tend to turn to sedentary activities more (67). 

 

Sedentary behaviour 

Evidence has been found for a relationship between television viewing (202), total 

screen time, or overall sedentary behaviour (208) in early childhood with later 

OWOB. Two- to five-year-old children are recommended to spend a maximum of 

one hour watching TV or engaging with other screen-based activities (209). 

Theories to explain the mechanisms behind these relationships are numerous. 

Most obviously, time spent sedentary does not contribute to achieving physical 

activity recommendations (1). A possible relationship with TV use may be 

explained by the amount of TV commercials promoting sweets, snacks and fast 

food, relative to healthy foods. Evidence has shown that a high amount of screen 

time is related to higher exposure to advertisements, which in turn is related to food 

preferences and eating behaviour (27). However, studies controlling for exposure 
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to advertisement have shown that as well beyond the potential influence of 

advertisement, screen time increases the risk for children to develop OWOB (210). 

Reasons for this association could be that children are distracted while engaging in 

screen use and may therefore not correctly perceive and interpret feelings of 

hunger and satiety. Additionally, they may associate TV viewing with eating, or 

perceive a greater level of stress and eat more for this reason (210). This notion is 

supported by a study which found that children engaging much in TV viewing 

consumed more sugar and fat than other children, even if an objective measure of 

taste did not identify them as having a preference of these food groups. The 

conclusion of the researchers pointed to a passive consumption of fat and even 

more of sugar while children are watching TV (211). A review of studies conducted 

in two- to six-year-old children additionally revealed that children watching an hour 

of TV or more on a daily basis consumed less fruit and vegetables in most studies, 

and additionally their total energy intake was higher compared to children who 

watched less TV (212). Alternatively, screen use may result in a reduction of sleep 

(213), which is an additional risk factor of OWOB as discussed in the following 

section. 

 

Sleeping hours 

A lack of sleep has repeatedly been linked to increased body fat percentages (214) 

and OWOB levels in children (215, 216), particularly in young ages (27). Evidence-

based guidelines by the National Sleep Foundation (216) recommend 14 to 17 

hours per day in the first three months of life, twelve to 15 hours from age four to 

eleven months, eleven to 14 hours in one- and two-year-old children, and ten to 13 

hours at the ages of three to five years (217). Taveras et al. (218) found that an 

average infant sleep duration of less than twelve hours per day increased the risk 

of OWOB at the age of three years. In a meta-analysis, a 9% decrease in the risk 

of OWOB was found per one hour increase in sleep duration across children of 

different ages (219).  

A number of biological explanations as well as behavioural lifestyle patterns have 

been suggested to this association. A relationship between sleep and OWOB may 
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occur due to changes in hormone levels which regulate satiety and appetite, such 

as leptin and grehlin (219) that were already mentioned in relation to breastmilk 

previously. Lower levels of leptin and growth hormone (219), as well as increased 

levels of grehlin and cortisol were previously seen in sleep deprived children and 

are understood to lead to their weight changes (215, 219), although this could not 

be verified in one systematic review (220). These hormonal changes potentially 

alter energy expenditure and metabolism and lead to higher food and caloric intake 

(215, 219). Additionally, elevated cortisol levels have been found to increase 

visceral fat storage and lower levels of the thyroid-stimulating hormone found in 

individuals who sleep little may impact the metabolism and therefore the energy 

expenditure (215). A number of studies furthermore concluded that shorter sleep 

duration has negative consequences on glucose tolerance and can even lead to 

insulin resistance (214, 219, 220).  

In addition to these biological mechanisms, a number of behaviours also were 

related to short sleep and may partly explain the association seen with childhood 

obesity. Strong evidence was found for an association between short sleep 

duration and increased sedentary behaviour, as well as unhealthy eating patterns 

(220). Other studies concluded that the longer children are awake, the more time 

they are likely to spend eating, snacking or possibly trying to fight their tiredness by 

increased food intake, while a lack of sleep may also decrease their overall 

(physical) activity level and thereby their energy expenditure (215, 218). These 

findings suggest that lifestyle factors should be examined together. Furthermore, 

they should be studied within the family context as early lifestyles are 

predominantly shaped by the social environment of young children (221). 

 

The role of the social family environment 

Weight-related lifestyles and lifestyle habits of parents tend to correlate with those 

of young children (221), which, to a large part, can be explained by the parental 

provision of lifestyle-related resources to children and parental role modelling (222, 

223). As such, parental lifestyle is not a risk factor of children’s lifestyle, but rather 

an alternative measurement of family lifestyle. Family lifestyles are associated with 
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early childhood obesity and tend to persist from infancy throughout the early child 

years (224). In the study of early OWOB, it therefore appears sufficient to examine 

the weight-related lifestyle of either young children or their parents.  

A factor that appears to influence the individual OWOB risk of children through 

psychosocial mechanisms on their weight-related lifestyle can in turn be found in 

the composition or structure of families. Parity was previously found protective of 

childhood obesity (120, 225) and there is limited evidence suggesting that lone 

parenthood may pose children at a higher risk of OWOB (27). Notably, the overall 

family lifestyle appears to differ depending of the number of adults and children 

that live together in one household, which may explain the relationship of family 

structure with early childhood obesity (224, 226). For example, families with two 

parents and more than one child were found to eat meals together on a more 

regular basis than smaller families (226). Children in two-parent households 

furthermore tend to watch TV less (226), possibly due to higher levels of parental 

supervision (1), and are less likely to have their own TV (226). Additionally, lone 

parents may be more socially isolated, partially due to their limited availability of 

time and money. Accordingly, they may have low levels of informal social support 

and be unaware of affordable formal support services that may benefit their 

children’s weight-related lifestyles (223, 227). Single children, in turn, may eat out 

of boredom or loneliness and may spend more time pursuing sedentary activities 

with parents compared to children who play active games with siblings (223). 

Furthermore, it is possible that single children may be treated similar to adults and 

served bigger portions, potentially increasing children’s energy intake (223).  

Furthermore, a higher risk of OWOB was observed among children whose parents 

separated between the ages of two and five years, compared to children who grew 

up in a stable marital relationship or in a stable lone-parent household (228). 

Children often use eating as a coping mechanism to the psychosocial stress that 

they are likely to experience in unstable family structures, which may explain this 

association (223, 229). Particularly in young children, however, stress levels are 

difficult to measure, which is why such potential relationships between their stress 

and OWOB are difficult to assess and largely unknown (27). Similarly, there is no 

clear evidence that parental stress in general or stress related to parenting 
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specifically alters the OWOB risk directly (27, 230). However, a lower level of 

physical activity among young children may exist and parents appear to establish 

fewer rules for TV watching hours if they experience stress related to parenting, 

thus suggesting an indirect relationship through lifestyle adaptations (207, 230).  

Higher levels of OWOB in young children were also observed in relation to parental 

mental disease (27). Similar to parental stress levels, maternal depressive 

symptoms were linked to increases in time that preschool children spent watching 

TV and limited evidence suggests that children had lower physical activity levels 

(231). Low maternal resilience to mental stressors was additionally related to an 

increased amount of TV time and a lower dietary quality among children (231). All 

together, these studies strengthen the assumption that family lifestyles are 

influenced by psychosocial mechanisms that increase the risk of early childhood 

obesity based on family structure and stress as well as resulting family dynamics. 

 

Summary 

The cumulative findings of children’s early growth and lifestyles presented above 

suggest that while associations between factors related to birth and the infancy 

period may still be at stake, children’s lives start getting more complex when 

individual factors appear to influence the OWOB risk. While OWOB is mainly 

understood to develop through a higher energy uptake than energy is expended, 

other lifestyle factors were also identified that contribute to the individual OWOB 

risk of young children. These factors are likely dependent on the family 

environment and should be studied mutually, as individual dietary factors may be 

insufficient to assess children’s OWOB risk. Many factors identified in the literature 

were part of the original model by Monasta et al. (1); however additional factors 

were identified (e.g. children’s sex, physical activity and psychosocial factors), that 

were merged with the model, as will be presented in Section 2.5.1.  
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2.3.4 Key findings on early child growth and childhood obesity  

To summarise the evidence on early child growth and childhood obesity, the 

following main findings arose from the presented literature: 

ü Children’s growth throughout the foetal, infantile and early childhood years 

goes through periods of accelerated and decelerated weight and height 

gains, depending on their age and sex 

ü A number of risk factors of early childhood obesity were identified on the 

individual child level of the SEM which relate to the behaviour of children, 

namely their nutrition, physical activity, sedentary behaviour and sleep  

ü Many risk factors of early childhood obesity were also identified on the level 

of family characteristics which influence the gestational period, birth 

outcomes and infant feeding, as well as children’s weight-related lifestyles 

ü Not all relationships between risk factors and early OWOB have been fully 

clarified; however biological and psychosocial pathways are hypothesised to 

influence the obesity risk of young children  

The literature presented above mainly relates to the inner two levels of the SEM. 

As Reed et al. (8) identified various risk factors of OWOB in the community, 

demographic and societal environment of children, these will be discussed in the 

following section.  
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2.4 Inequalities in childhood obesity  

Socio-economic inequalities were found to affect the risk and prevalence of OWOB 

in Ireland (35, 85), including inequalities in obesity and related health behaviours 

that were seen among Irish school children (41, 94, 232). The report óTackling 

h e a lth  in eq u a litie s ï An  a ll - Ireland approach to social determinantsô points out that 

inequalities particularly exist with regard to the accessibility of healthy diets and 

physical activity. Families with low incomes struggle to afford fresh healthy food, 

which is often not available at a low cost in shops situated in more deprived or rural 

neighbourhoods (85, 88, 233). Consequently, the diet of low-income families in 

Ireland tends to involve high amounts of energy-dense and processed foods high 

in fat and sugar (85, 88). This has important long-term implications for the 

nutritional habits of family members in low-income families who buy prepared 

meals and admit lower cooking skills in a qualitative study carried out in Ireland 

(88). As various indicators of SES have been related to early OWOB in past 

studies, each indicator, namely the occupational class of households, parental 

education and income, will be discussed more in detail below. 

 

2.4.1 The socio-economic status of families with young children 

Children of economically disadvantaged parents are more likely to develop OWOB 

and growing gaps of OWOB prevalence between low- and high-income groups 

seen in past decades may in fact reflect the widening of gaps between low and 

high incomes (234). Additionally, families with lower incomes tend to accumulate in 

low-income neighbourhoods. Within such neighbourhoods, a tendency towards 

lower availability of food outlets that sell a wide range of affordable healthy food, 

and lower availability of facilities which support physical activity, and higher 

availability of fast food restaurants exists (234, 235). However, even where healthy 

options are available these may not be accessible to low-income families due to a 

lack of affordability or perceived affordability (27). Processed food, particularly food 

high in fat and sugar, is often cheaper than micronutrient-dense food, such as fruit 

and vegetables, which have become comparably more expensive over time (236). 

Accordingly, a higher dietary quality and lower obesity levels were observed 
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among children in families with high income (236). These patterns have also been 

observed in Ireland, where families on social welfare benefits can often not afford 

recommended quantities of healthy food (85, 235). In turn, it is assumed that 

parents who go through financial hardship adopt child feeding and parenting 

practices explaining higher OWOB levels early in childhood (120). Low-income 

families may experience food and housing insecurity and adopt unhealthy 

behaviours to cope with these stressors (227, 237). 

Another indicator of SES which some studies relate to childhood obesity is the 

occupational household class. In a systematic review of studies from the UK, the 

risk of childhood obesity was generally higher in lower social classes (237). 

Additionally, low social class is associated with high birth weight and early child 

growth, as well as higher rates of gestational smoking, lower breastfeeding, early 

age at onset of solid food, and children’s dietary quality (238), all of which were 

discussed as potential risk factors of OWOB earlier in this chapter, and which may 

explain the relationship with childhood obesity.  

A limited, but growing, amount of evidence relates lower educational levels of 

mothers (174, 234, 237, 239) and to some extent fathers (234) to childhood 

obesity, even though study results limited to children under the age of five were 

found to be mixed (234). One study found that disparities in OWOB based on 

maternal education only emerged at the age of four years and widened with 

growing age after this (29), which may explain the limited evidence in young 

children. Additionally, findings differ between countries (153); for example high 

parental education was related to OWOB among six-year-old children in Lithuania 

and Bulgaria, but not in the Czech Republic, Portugal and Sweden (240).  

Despite the inconsistent findings, according to the systematic review by Barriuso et 

al. (234), maternal education is a better overall risk factor of childhood obesity than 

other socio-economic indicators. The relationship with OWOB is likely to be 

associated with healthier diets and physical activity levels found in children of 

higher-educated mothers (234, 236) as well as higher adherence to breastfeeding 

guidelines (241). Overall, the home environment of preschool-aged children was 

found more obesogenic with lower maternal educational levels (242), which may 

be due to a higher level of health-related knowledge, for example nutritional 
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knowledge or health literacy (227). Furthermore, parents with higher educational 

levels themselves tend to pursue healthier behaviours, which they often learned 

from their own parents, and which their children tend to imitate (227).  

Irrespective of the SES indicator used, current research suggests that protective 

factors of childhood obesity are less accessible to lower SES groups than to 

families with a high SES. The same holds true for childcare services, where 

families with lower incomes may need to turn to cheaper facilities that potentially 

offer a lower quality of service and sub-optimal levels of physical activity and 

healthy dietary options (243). Simultaneously, families with high incomes may be 

able to provide parental care for children if one of the parents does not have to 

work. The relationship of childcare and obesity will be discussed as follows.  

 

2.4.2 Non-parental childcare environment 

The number of families with both parents in full-time employment has increased 

over the last decades and maternal employment has been associated with OWOB 

in preschool-aged children (174), indicating that non-parental childcare may 

influence the development of obesity among young children. Various types of 

childcare arrangements are available to families, such as formal childcare which is 

mostly centre-based, or informal childcare provided by non-professional 

childminders such as grandparents or neighbours (244). Infants attending any kind 

of childcare (compared to being minded by their parents) were found to have a 

slightly higher risk of obesity within the first two years of life (120). In another 

systematic review, informal childcare particularly was related to OWOB, and this 

relationship was stronger in children below the age of three years than in older 

preschool-aged children. While study findings differed, formal childcare attendance 

tended to protect children from OWOB in the later preschool years (243). In yet 

another study, only informal care arrangement involving grandparents and 

grandmothers specifically as the main carer were strongly related to increased 

levels of OWOB in infants and children up to the age of five years (174).  
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Moreover, it is suggested that the amount of time children spend in non-parental 

childcare every week may further increase the risk of OWOB (120, 243). The 

relationship between childcare attendance and OWOB may be mediated by a 

shorter breastfeeding duration and earlier weaning among children who attend 

childcare in general and informal childcare in particular (174). At the same time, 

formal childcare has the potential to contribute to a healthy diet and physical 

activity level through which the obesity risk of young children may be lowered (27), 

whereas grandparents may be more willing to provide ‘treat foods’ or inappropriate 

portion sizes to children (243). Overall, a lack of structure due to the exposure to 

different social environments as well as heterogeneous caregiving styles in 

parental and non-parental childcare may explain OWOB outcomes (243). 

 

2.4.3 Characteristics of the neighbourhood families live in 

Particularly within urban settings, green spaces, parks and playgrounds offer a 

unique opportunity for children to become active outdoors. Objectively measured 

proximity to larger parks has been related to increased prevalence of OWOB in 

children of various ages (111). Aggio et al. (245) found a link between greater 

distance to green spaces and preschoolers’ time spent watching TV, which also 

has been observed among older girls in Ireland previously (108). The availability of 

green spaces in the immediate environment may therefore help reduce children’s 

sedentary time and potentially increase their physical activity levels. This finding 

was reinforced in a large Japanese study which identified an increased incidence 

of childhood obesity in Japan following the Great East Japan Earthquake. The only 

explanation supported by this study was that children’s access to outdoor play 

areas had been reduced dramatically, due to radiation contamination, numerous 

building sites and the use of former play areas for temporary housing (246).  

Simultaneously, however, strong evidence was seen that identified a higher level of 

child OWOB among families living in rural regions (247), where higher access to 

green and play spaces would generally be expected. One theory behind the higher 

OWOB risk in rural regions is that a lack of transport and greater distances to food 

outlets result in greater car reliance (85). Furthermore, the distance to shops 
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selling healthy and affordable food may lead to an increased consumption of 

unhealthy food found in small local shops, or foods with a long shelf-life, which 

excludes fresh fruit and vegetables (85). 

Additionally, the average SES of a neighbourhood has been linked to an increased 

individual OWOB risk among five- to six-year-old children (248), which is supported 

by other studies relating objectively measured deprivation status of the 

neighbouring environment to OWOB (237, 249). This trend was observed 

independent of other socio-economic characteristics of families. Adjusting for such 

characteristics, a high level of neighbourhood deprivation was associated with a 

1.7-fold increase in the incidence of obesity among a large cohort of zero- to 14-

year-old children that were followed over a period of eleven years (249). Similarly, 

an association with lower OWOB levels was found among neighbourhoods with a 

higher average income (111, 234). Potential mechanisms for this relationship were 

discussed in relation to family income in Section 2.4.1. 

 

Parental perceptions of the neighbourhood 

Apart from objectively measured neighbourhood characteristics, the parental 

perception of the environment seems to play an important role and may in fact 

have a higher impact on the risk of childhood obesity (111). Increased levels of 

child OWOB were found with increasing parental self-reported proximity of the 

family’s main food outlet and the availability of fresh fruit and vegetables in this 

outlet (111). A Portuguese study furthermore found that levels of OWOB were 

lower if parents perceived the environment to have a low level of crime, be safe to 

walk or cycle during day and night, be comfortable and safe for pedestrians to 

walk, and offer intact footpaths (250). Other studies found higher TV watching 

hours and a lower participation in physical activity in children whose parents 

reported the environment not to be safe, which could explain the relationship 

between perceived neighbourhood safety and childhood obesity (206, 251). 
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2.4.4 Ethnic background 

Inequalities in the risk of childhood obesity were observed by the age of five years 

based on children’s ethnic background (174), in addition to the differences that 

generally exist between countries (239). In a German cohort study, the risk of high 

weight was elevated in six-month-old children with Turkish or Eastern European 

background. These children were found to have had a similar birth weight to other 

children, followed by rapid weight gain (252). Higher levels of OWOB and of rapid 

infant weight gain were as well found in two-year-old children of Turkish or 

Moroccan origin living in the Netherlands (253). 

It needs to be noted that much of the evidence on ethnic differences in childhood 

obesity comes from American studies where the ethnic variety differs slightly to that 

in many European countries. In these studies, higher levels of OWOB tend to be 

seen among children of African-American or of Hispanic ethnicity (254), as well as 

among Mexican American and Native American, compared to white American 

children (236). The obesity levels of young children may be affected by different 

distributions of fat in the body, different metabolic functioning (including different 

insulin responses) (236) or varying hormonal levels (of leptin) that were found in 

children based on ethnicity (255). Furthermore, Hispanic and African-American 

children were found to have higher records of rapid infant weight gain, inadequate 

sleeping hours, lower exclusive breastfeeding rates, and earlier weaning (255), 

suggesting that biological pathways lead young children to develop OWOB.  

Moreover, inequalities may occur due to psychosocial stress from the experience 

of discrimination within certain ethnic groups (236) or due to depression (256). 

Some ethnic groups in the US tend to live in poorer neighbourhoods relative to 

their income and have different incomes relative to their education level than 

observed in other ethnic groups (236). This may further increase psychosocial 

influences on the obesity risk through social exclusion (85), or aggravate the risk 

through material mechanisms (see Section 2.4.1 for details). 

In terms of lifestyle, young children were more likely to have their own TV, and to 

consume sugar-sweetened beverages and fast food more frequently if their 

mothers were Hispanic or African-American, compared to white American (256). 
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Variations in food consumption patterns are also considered a likely explanation for 

ethnic differences in childhood obesity in other studies, just as culture-related 

beliefs and knowledge about the benefits and risks of certain foods, physical 

activity and obesity itself. This ties in with different beliefs of which body size is 

defined as ideal or as acceptable, for instance a preference for higher BMI has 

been seen in African-American compared to white populations (27, 236). Overall, it 

appears that differences in the risk of childhood OWOB between ethnic groups 

may operate through various pathways. Therefore, it was suggested that 

interventions tailored for ethnic groups, such as increasing their health knowledge, 

may be needed pre-conceptionally, throughout pregnancy and during the infancy 

period (257), need to account for potential language barriers and need to consider 

the possibility that parents may not be aware of existing health services (227).  
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2.4.5 Theories on the development of inequalities in childhood obesity 

A number of relationships with early OWOB in children on the community, 

demographic and societal level of the SEM, in addition to the parental influences 

and factors related directly to children identified earlier (Section 2.3), were 

discussed in the literature review. An overall higher OWOB prevalence among 

children growing up in families of lower SES was seen, suggesting a strong socio-

economic pattern. These differences in prevalence were related to financial 

barriers to physical activity and access to healthy nutrition, or to neighbourhoods 

which provided (perceived) access to either. Many possible pathways to OWOB 

furthermore exist that explain the inequalities that were observed based on the 

ethnic background of families. Childcare service may have potential to either lower 

(formal childcare) or increase (informal childcare) the OWOB risk of young children 

and accordingly inequalities between them. 

A number of theories were developed that aim at explaining inequalities in health 

outcomes. In 2008, the Commission on Social Determinants of Health (4) adopted 

a framework by Solar and Irwin (6) that acknowledges a number of health 

determinants which were observed in relation to early childhood obesity throughout 

the literature that was reviewed for this chapter. The framework is depicted in 

Figure 4. More specifically, the determinants of health included in this framework, 

which are referred to as óstructural determinantsô by the Commission on Social 

Determinants of Health, are the social position, education, occupation, income, 

gender and race/ethnicity of individuals (86). Most of these stru ctu ral d e te rmina n ts  

are included on the outer level of the SEM and were discussed in this chapter 

(Sections 2.4.1 to 2.4.4), while the stru ctu ral d e te rmina n t  of gender is an individual-

level factor of the SEM.  
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Figure 4: Commission on Social Determinants of Health conceptual framework 

Retrieved from the Commission on Social Determinants of Health (4), amended from Solar and Irwin (6) 
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As has been described previously, the literature review revealed that many of the 

factors on the community, demographic and societal level may impact the risk of 

early childhood OWOB through changes in the family’s weight-related behaviour. 

However, mechanisms were also seen in relation to biological processes, the 

psychosocial stress of families or the affordability of resources that may alter the 

obesity risk among families in various population groups. The Commissio n  o n  

S o cial De te rmina n ts o f He a lth  co n cep tua l frame w o rk,  which visualises how a 

number of health determinants translate into differential outcomes in health and 

well-being through these mechanisms, calls these mechanisms óint er me d iat e  

determinants of healthô. Importantly, the Commission on Social Determinants of 

Health is based on the idea of a life-course perspective that has been adopted in 

health theory and is also core to the Irish  Obe sity P o licy an d  A ctio n P lan  (35, 86).  

According to the life-course perspective, determinants of health that occur among 

adults are likely to translate into health inequalities among their children which 

themselves translate into children’s later inequalities through latent, pathway or 

cumulative effects (258). Latent effects on health occur through events or 

exposures that impact health outcomes independent of later events or exposures, 

for example effects of breastfeeding or in utero exposures may impact children’s 

health throughout their childhood, independent of their later nutrition. In turn, early 

nutritional and physical activity habits may have pathway effects on children’s 

health; that means they are likely to influence the children’s later nutrition and 

physical activity habits and affect adult health through the behaviours learned in 

childhood and pursued in adulthood (or alternatively through the choice to change 

these behaviours). Cumulative effects refer to effects on health from long-term 

exposure, such as growing up in a deprived neighbourhood (bid). Moreover, the 

life-course perspective on the development of health stipulates that negative 

effects on health tend to cluster and accumulate over time (259), meaning that 

exposure to risk factors of OWOB early in children’s lives can potentially set 

children onto a path of recurrent exposures to risk factors. In Chapter 1 (Section 

1.2), it was argued that early childhood obesity is likely to translate into later 

obesity and associated ill-health, developmental disadvantage and economic cost. 

Therefore, identifying latent, pathway and cumulative causes of early childhood 

OWOB is crucial to prevent health inequalities in the Irish population. 
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As indications for an intergenerational transmission of obesity through latent, 

pathway and cumulative effects were seen in the literature that forms the 

background to this thesis, the Co mmiss ion  on  S o cial De te rmina n ts o f Hea lth  

co n cep tu a l fra me w o rk  was adopted as the theoretical background to this study. 

Previous research has shown that the use of theory is important both to refine 

existing theories applicable to health research through its application and 

verification in various research settings, as well as to improve current health-

related practice (260). 

According to the Commissio n  o n  So cial De ter mina n ts o f He a lth co nce p tua l 

fra me w o rk,  a mediating factor for health outcomes is the healthcare system. As this 

is universal to children in Ireland, the influence of this factor should be the same 

across children as is the political context for children depicted in the framework. 

For this reason, while the Commissio n  o n  Social De te rmina n ts o f He a lth  

co n cep tu a l fra me w o rk  refers to health inequities (that is, different opportunities to 

maintain a healthy weight), it is more appropriate to talk of health inequalities in the 

Irish context of childhood obesity where different outcomes are expected between 

population groups despite equal opportunities.  

In the next section, a brief description of int e rme d iat e  d e te rmina n ts o f he a lth  that 

appear most relevant to the development of early childhood obesity will be 

provided. Material circumstances, psychosocial factors, behaviours and biological 

factors were the most common theories derived from the literature review and are 

accordingly expected to explain how the prevalence and potential inequalities of 

childhood OWOB evolve in Ireland. In order to explore the causes of inequalities in 

complex health outcomes, such as OWOB, Arcaya et al. (258) suggest that all four 

theories need to be taken into consideration. 

 

Material circumstances 

The material circumstances of individuals refer to their ability to afford health-

related resources, such as healthy food, as well as living conditions and the overall 

affluence of the neighbourhood that they live in. Individuals who experience 

financial hardship or live in disadvantaged neighbourhoods are likely to experience 
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negative health consequences not only due to their exclusion from one particular 

health-promoting resource, but their tendency to have lower access to a number of 

resources that lead to an accumulation of risk factors for their health. For example, 

the infrastructure of poorer neighbourhoods is likely to offer a reduced range of 

health-promoting services and facilities, but low-income families most likely cannot 

afford moving to more affluent areas that offer more. Consequently, low-income 

families are more likely to adopt a range of behaviours that may negatively 

influence their health (86), including their own and their children’s weight status. 

The distribution of health in a population is understood to reflect the population’s 

distribution of resources. In populations where health and resources are distributed 

unequally, an improvement in the health of disadvantaged groups can be reached 

through the provision of resources, such as through improved living conditions. 

Nevertheless, it is difficult to close gaps in resources and related health outcomes 

as improvements in disadvantaged groups frequently occur in congruence with 

improvements in advantaged groups, therefore only shifting the distribution to 

better average health with remaining inequalities (261).  

 

Psychosocial factors 

These factors refer to psychosocial stressors, which include the social support and 

quality of relationships, stress related to living circumstances, as well the individual 

ability to cope with stress. While stress may lead to changes in neuroendocrine 

processes that ultimately affect individual health, the perceived positioning in 

society, social exclusion and a lack of social support may as well lower the 

capability of individuals to achieve better health (86). Accordingly, it is possible that 

dynamics in the family environment cause parents and children to experience 

prolonged stress and adopt behaviours that promote excess weight gain. 

Additionally, a lack of social support experienced by young children as well as 

weak family relationships and a lack of structure may cause children to adopt 

unhealthy behaviours, for example to use eating as coping mechanism. This may 

be increasingly promoted by the time constraints of lone and working parents, 

which lower the opportunities for family members to interact and to respond to 

children’s emotions (229). Particularly in the early ages, responsive parenting and 
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positive attachment in the family appear crucial to children’s physical development 

and a lack of these experiences may increase the likelihood to negative health 

outcomes (227).  

 

Biological factors 

While biological factors are tied to behavioural factors according to the 

Commission on Social Determinants of Health, unique to the domain of biological 

factors is the individual genetic makeup (86).  

Genetics and epigenetic factors were found to influence the way children grow in 

the literature reviewed for this study. Beyond the individual genetic make-up, 

however, which is hard to test and (almost) impossible to change3, differences in 

growth also seem to occur based on the sex and ethnicity of a child. Moreover, a 

central role in the weight gain of children was attributed to in utero exposures, 

children’s birth outcomes and early feeding practices (27, 119, 174). While 

associations between parental and child weight at a later age may be explained by 

a shared environment, parental role modelling and the pursuit of a similar lifestyle 

across families, such assumptions cannot be made before children transition to a 

normal family diet. Hence, the maternal weight status, weight gain and overall 

nutrition during the pregnancy, all of which are associated with early childhood 

OWOB, is very likely to cause biological mechanisms that influence the child in 

utero and lead to varying birth outcomes (158). Additionally, the observed 

protective effect of breastfeeding on early OWOB in children most likely occurs 

based on biological factors that differ between children who were breastfed and 

those who were formula fed. For example, differences were observed in the 

microbiome of children of both groups that may explain this relationship. The 

microbiome, in turn, may also be altered by frequent antibiotic exposures, which 

could increase the risk of children to become overweight or obese (198).  

                                                           
3 The possibility of genome editing exists and has recently been performed in embryos using 
CRISPR/Cas9; however this entails serious ethical concerns and a high risk of adverse health 
effects, which is why no ethical approval was granted to the researcher for this procedure (262). 
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Behaviours 

The main groups of health-related behaviours outlined by the Commission on 

Social Determinants of Health are nutritional behaviours, physical activity levels 

and the consumption of tobacco and alcohol. Healthy behaviours tend to be 

observed more in higher socio-economic groups; however the adoption of 

behaviours as well may vary based on psychosocial factors, and some behaviours 

in fact are linked to health outcomes mostly through biological processes (86). 

Therefore, with respect to this thesis, they are not regarded as an individual 

mechanism that may act on children’s weight gains, but should be investigated in 

congruence with material, psychosocial and biological factors. Furthermore, the 

behaviour of children and their parents need to be studied together for instance 

gestational behaviours and infant feeding are guided by parental decisions. 

 

2.4.6 Key findings on inequalities in childhood obesity until five years 

of age 

A number of findings were collated from the literature explored in Section 2.4, the 

main points of which are as follows: 

ü Inequalities in the distribution of OWOB among children in and outside 

Ireland exist, such as based on ethnicity and SES 

ü Community, demographic and societal characteristics appear to influence 

the individual risk of early childhood obesity  

ü Theories that explain why the relationships between risk factors and early 

childhood obesity may exist mainly surround those of material 

circumstances, biological factors and psychosocial stress which are 

hypothesised to either influence the weight-related behaviours of children 

and their families, or the obesity risk of children directly.  



83 

2.5 Discussion 

2.5.1 Presentation of the extended conceptual model 

Based on the cumulative findings of the literature review, the merged SEM and 

Comp lex w e b  o f p o te n tial d e te rmina n ts o f o verw e ight an d  o b e sity in  ch ild ren  were 

extended, as depicted in Figure 5. The various factors added to the model were 

colour-coded according to different levels of the SEM, and arrows were added to 

the model that indicate how these factors are assumed to be related to childhood 

obesity. For example, no direct relationship between parental stress and childhood 

obesity could be seen in the literature, but parental stress may contribute to 

increased time children spend watching TV, as well as it could influence their diet, 

both of which is related to childhood obesity. As can be seen from the colour-

coding, factors that are on the outer circle of the SEM, which includes community, 

demographic and societal factors (blue), tend to influence each other or factors on 

the more inner circles. Factors on the parenting and family level (orange) also 

influence each other, or they influence factors on the individual child level or the 

risk of childhood obesity directly. Individual child level factors (red) influence each 

other or the risk of childhood obesity. However, no relationships were seen in the 

opposite direction; that means no factors from the inner levels of the SEM 

appeared to influence factors on the outer levels. Therefore, the findings from the 

literature review confirm the usefulness of the SEM to give structure to studies 

investigating early childhood obesity. The finalised model in Figure 5 will be applied 

to this thesis to test the theories outlined above (Section 2.4.5), which were 

developed into a number of research hypotheses that are presented in the 

following section. 
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Figure 5: Extended Complex web of potential determinants of overweight and obesity in children by Monasta et al. (1), including 

colour-coding according to the levels of the Social Ecological Model and findings from the literature review of this thesis 

Note: red colour = individual level; orange colour = parenting style and family characteristics; blue colour = community, demographic and societal 

characteristics 

* These factors were not part of the original model but were integrated based on evidence from the literature 

SES = Socio-economic status 
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2.5.2 Hypotheses 

The research gaps presented in Chapter 1 and the background presented in this 

chapter motivated and informed the design of this thesis. In the following section, 

the specific hypotheses of this thesis will be presented that seek to fill the 

mentioned research gaps and reach the aims and objectives of this thesis. 

 

Hypothesis 1: Ireland has a high prevalence of early childhood 
overweight and obesity 

It is hypothesised that the prevalence of OWOB in children up to the age of five 

years in Ireland is high and may be increasing over time. At least one in five 

children is expected to be overweight or obese, similarly to levels in older children, 

but the prevalence in the youngest age group may be higher. 

 

Hypothesis 2: Material circumstances increase the risk of early 
childhood overweight and obesity 

It is furthermore hypothesised that the risk of developing childhood OWOB in the 

early years is not the same across all population groups. Socio-economic 

inequalities are expected to be seen between children that are likely to explain 

variations in the OWOB risk through material circumstances of the families that 

children grow up in. Higher OWOB levels are expected among children in low-

income families, in children whose parents have lower educational levels and in 

those children who live in neighbourhoods that offer low levels of safety and few 

opportunities to play outside. 

 

Hypothesis 3: Biological factors increase the risk of early childhood 
overweight and obesity 

Moreover, biological factors are expected to influence a child’s individual OWOB 

risk particularly early in their lives. Hence, it is hypothesised that elevated OWOB 
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levels will be seen in children with high BWFGA, children with rapid infant weight 

gain and children who were not breastfed or weaned early. Furthermore, after 

infancy, a number of lifestyle factors (high dietary intake, low physical activity 

levels, high amount of sedentary behaviour, antibiotic intake and short sleep 

duration) are expected to increase the risk of OWOB due to biological 

mechanisms.  

 

Hypothesis 4: Psychosocial factors increase the risk of early 
overweight and obesity 

In addition to material and biological factors, it is acknowledged that families are 

increasingly experiencing time pressure and stress due to a change in family 

dynamics over the past decades. Hence, psychosocial factors, namely family 

stress, living in a lone-parent household and spending time in non-parental 

childcare, are hypothesised to act as a force that may increase children’s individual 

risk to develop OWOB, such as through impacting family lifestyles. 

 

Hypothesis 5: Different risk factors of obesity lead to excess weight 
gains at various time points in children’s early years 

Lastly, it is hypothesised that material and biological factors, as well as 

psychosocial factors do not have a constant impact on young children’s weight 

status, but influence changes in children’s BMI differently over time. It is assumed 

that critical time points in the development of BMI vary for the different risk factors 

and mechanisms that ultimately contribute to the development of OWOB but lead 

to an elevation in relative weight gain before a change in weight status becomes 

visible. Specifically, biological factors during the prenatal and infantile period are 

hypothesised to lead to early BMI changes, whereas material and psychosocial 

factors are hypothesised to gain relevance after infancy.  
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CHAPTER 3:  

 

Methodology 
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3.1 Introduction and objectives of this chapter 

The previous chapter of this thesis outlined a number of research gaps, as well as 

aims and objectives for this thesis to investigate the prevalence and risk of OWOB 

in young children in Ireland longitudinally. Accordingly, this chapter will outline the 

research approach and methodology used in this study to fulfil these aims and 

objectives and fill gaps in the current state of knowledge in Ireland. 

Secondary analysis of a longitudinal prospective study was conducted to achieve 

these aims. Specifically, the quantitative infant cohort data from the GUI National 

Longitudinal Study of Children was used following a critical literature analysis of 

child growth criteria. The GUI infant cohort includes the weights and heights of 

11,000 children who were first studied at the age of nine months and again at three 

and five years. In addition to basic demographic information, a large number of 

variables were collected from the child and the child’s caregivers, who were usually 

their mother and father, at each of the studied ages. These include variables 

relating to the development of children, their behaviour, social environment and 

physical environment, which make the data particularly suitable to this thesis. 

Moreover, the longitudinal nature of the GUI study and the large sample size 

offered major advantages to this thesis, which will be discussed throughout the 

course of this methodology chapter. 

This chapter is divided into two main parts, first, the study design and methodology 

that was originally used to collect the GUI infant cohort data, and second, the 

description of the methodology to conduct the analysis of the GUI data that was 

specific to this thesis. The first part, described in Section 3.2, will describe the 

overall study design, sampling frame and data collection employed by the GUI 

study team during each wave of data collection. Furthermore, characteristics of the 

study population will be presented, along with considerations of attrition that took 

place between waves and the handling of non-random attrition by the GUI study 

team. This includes the use of weighting factors that were used to make the GUI 

infant cohort data nationally representative. Other efforts that were undertaken to 

improve the quality of the GUI data will be discussed, and ethical considerations by 

the GUI study team included at the end of this section.  
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Secondly, in Section 3.3, a closer look will be taken at variables collected as part of 

the GUI study and those variables relevant to the study of OWOB in young children 

used in this thesis.  

Finally, Section 3.3 will describe the analyses undertaken to test the hypotheses 

and achieve the specific research aims and objectives of this thesis that were 

outlined in Chapter 2. 
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3.2 The Growing Up in Ireland Longitudinal Study of Children 

– the infant cohort  

3.2.1 Study design 

The GUI National Longitudinal Study of Children is a prospective cohort study 

based on a fixed panel design that follows children to study their development and 

well-being, as well as factors that may contribute to various areas of child 

development. Data collection began in 2008 with data being collected on 11,134 

nine-month-old infants (99).  

The GUI study followed on from The National Children’s Strategy, which was 

published by the Department of Health and Children in 2000. The study 

commenced in 2006, led by the Economic and Social Research Institute and Trinity 

College Dublin (99). The objective of this study was to investigate child outcomes 

over time in the areas of ‘physical health and development’, ‘social, emotional and 

behavioural well-being’, and ‘educational achievement and intellectual capacity’ 

(263). Longitudinal data were collected from the infant cohort in 2008-2009 (wave 

1), 2011 (wave 2) and 2013 (wave 3).  

Previously, no study of this scope had been carried out in young children in Ireland. 

The GUI infant cohort data hence offer a unique opportunity to investigate the 

broad array of topics that are part of children’s development and that were included 

in the interviews with the children and caregivers. In addition to demographic 

information and variables on the social, emotional, behavioural and cognitive 

development of children, also physical health data were collected in the interviews. 

These include standardised measurements of length or height and weight at the 

ages of nine months, three years and five years (99).  

Due to the representative and longitudinal nature, as well as the age range, sample 

size and set of variables included in the GUI infant cohort (99), the data were 

chosen for investigation in this thesis. Following from here, the sampling frame, 

data collection and further study characteristics will be described that were used in 

the GUI infant cohort study.  
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3.2.2 Sampling frame 

Children were sampled from the Child Benefit Register, which is maintained by the 

Department of Social Protection (formerly Department of Social and Family Affairs). 

Children were included in the sample if they were born between 1st December 

2007 and 30th June 2008, during which time 41,185 births were registered on the 

Child Benefit Register (264).  

The Child Benefit Register appeared to offer the most appropriate sampling frame 

as it provided comprehensive information about the age of children and other 

critical population characteristics. Child Benefits are paid to one parent or guardian 

of children and adolescents under the age of 16 years in Ireland. Due to this 

financial incentive, it is very likely that all infants are registered by their parents or 

guardians within the required period of six months from the date of birth, or 

alternatively from the start of residence in Ireland or the date that the child became 

a member of the family. A comparison of previous births by the GUI team showed 

that numbers from the Child Benefit Register were highly consistent with Vital 

Statistics from Ireland, and that only 3% of national births had not been recorded in 

the Child Benefit Register previously. Furthermore, the Department of Social 

Protection has an interest in avoiding duplication on the Register. Hence, the Child 

Benefit Register holds an up-to-date and comprehensive list of children who live in 

Ireland at any given time (264).  

 

3.2.3 Sampling design 

A systematic selection procedure, pre-stratified by a number of variables, and 

based on a random start and constant sampling fraction was used (265). In 

addition to the birth dates of registered children, the Child Benefit Register holds 

information about the marital status of recipients, county of residence, nationality 

and the number of children for whom the Child Benefit is claimed within one family 

or by one guardian. The sample included in the GUI infant cohort was pre-stratified 

based on these variables to represent overall population demographics, and 

required sample sizes for the different strata were calculated for each birth month 
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within the sampling period separately (264). The selected children are therefore a 

probability sample from the Child Benefit Register and, accordingly, from all Irish 

infants born in Ireland at the time of sampling. This offers major advantages over 

non-probability sampling as it removes the risk of sampling bias; that means all 

infants within the sampling frame had the same chance to be included in the study. 

Furthermore, a pilot and dress rehearsal of the GUI study revealed that families in 

a number of population groups, including single parents and non-national families, 

were less likely than others to respond to the invitation to take part in the GUI 

study. Families in these groups were oversampled, in order to reach representative 

numbers of families in these groups in the final sample (264).  

 

3.2.4 Panel design 

All children and their families who had completed the first interview were eligible to 

participate in subsequent waves of data collection if they were still resident in 

Ireland. As the study follows a pure fixed panel design, no children were included 

who did not participate in wave 1. However, a number of children from wave 1 did 

not participate in wave 2 and/or in wave 3 due to non-response or attrition (266). 

Families were excluded from wave 2, and not targeted for inclusion in wave 3, if 

they wished to be excluded following the first wave (‘hard refusal’) or if they could 

not be located in wave 2 as they had moved homes and not forwarded their new 

address. Families who refused to take part only in wave 2, but did not wish to be 

excluded from the study overall (‘soft refusal’), were contacted again for 

participation in wave 3. Additionally, families who had lived abroad in wave 2 but 

returned to an address in Ireland before the fieldwork of wave 3 commenced were 

included in the sample of eligible families in wave 3. Therefore, the final sample of 

children in wave 3 consists of children who had previously participated in waves 1 

and 2, and those who only participated in wave 1 prior to collection of the wave 3 

data (266). 
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3.2.5 Data collection 

The GUI infant cohort data were collected by trained interviewers, using a number 

of questionnaires and tools to assess various domains of child development. 

Specific procedures and instruments used for data collection in each of the three 

waves are outlined as follows. 

 

Instrument development 

The questionnaires used to study various domains in the nine-month-old children 

were developed based on the scientific and policy expertise of the Scientific and 

Policy Advisory Committee, which included ten experts from different disciplines 

and including those that were familiar with the design and conduction of 

comparable longitudinal studies. Additionally, 69 experts were included in a two-

round Delphi process (a systematic, interactive method for data aggregation in 

complex fields with multi-stakeholder involvement), more than 45 stakeholders 

were included in a Panel of Experts, and other stakeholders were consulted for 

advice, all of which contributed to the development of the questionnaires and 

additional tools used to collect data. Furthermore, questionnaires and additional 

tools were aligned with those used in other child cohort studies, in order to make 

the study outcomes comparable to those from other countries (99, 267).  

The development of questionnaires used in waves 2 and 3 followed similar 

procedures, however no Delphi study took place (266, 268). Additionally, for wave 

3, an expert panel was formed that focused on health and health policy (266). 

Details of the instrument development for each wave have been published 

elsewhere (266, 267, 269). 

 

Pilot studies 

The questionnaires of waves 1 and 2 were tested in a pre-pilot, pilot and a dress 

rehearsal phase before the respective wave of the GUI infant cohort data was 
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collected (263, 268). In wave 3, two pilot studies were conducted to test the 

questionnaires; a pilot took place in the household of families, and a second pilot 

was run in schools as a number of children had started going to school before the 

third wave of the GUI infant cohort data were collected, in which case teachers and 

principals were interviewed in addition to caregivers (266). Details of the pilot 

studies are published elsewhere (263, 268, 270, 271), and summaries are provided 

as follows.  

 

Pre-pilot phase 

In summary, the pre-pilot of wave 1 involved a convenience sample of 22 families 

with infants aged seven to eleven months who were sampled through staff of the 

Economic and Social Research Institute and Trinity College Dublin (99). In the pre-

pilot of wave 2, 21 of these families were interviewed again (268). This was to test 

preliminary questionnaires and led to the removal of a number of questions for use 

in the final questionnaires, as well as the distinction of questions into those 

included in a main questionnaire administered by the interviewers, and those 

included in a sensitive questionnaire for self-completion by the families (99, 268). 

Additionally, in wave 2, direct cognitive assessments were tested for feasibility 

among study children in the home environment, and they were included in the later 

interviews based on the outcome in the pre-pilot (268). No pre-pilot was conducted 

for wave 3. 

 

Pilot phase 

In the pilot phase of wave 1, 359 families were sampled from the Child Benefit 

Register which included infants born between 10th April and 9th May 2007. An 

introductory letter, information sheet and opt-out form were posted to selected 

families. If the families did not wish to participate in the study, they were asked to 

fill in and return the opt-out form to the study team. Otherwise an interviewer visited 

the families in their homes for an interview approximately two weeks later, which 

was between the end of January and mid-February 2008. The main purpose of the 
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pilot was to receive feedback on procedures, protocols, instrumentation and 

measures. It led to the inclusion of a number of tools for the developmental 

assessment of the infant, as well as to decisions around the means of assessment 

in the questionnaires developed by GUI (99).  

In the pilot phase of wave 2, families who had participated in the wave 1 pilot were 

sent and introductory letter and information sheet again, followed by an interview in 

the home. Interviews in the pilot phase of wave 2 were completed in 177 families, 

which amount to a response rate of 88%. Families provided feedback on the 

questionnaires, cognitive tests and other instruments used to collect data, as well 

as on overall procedures (268). 

The household pilot of wave 3 was undertaken in October and November 2012 and 

198 families were interviewed who had previously participated in the wave 1 pilot 

(a response rate of 90% since wave 2). A main focus of this pilot was the 

integration of educational, preschool and school variables in the interviews, as 

these had not been assessed in past interviews. Additionally, the household pilot 

led to the exclusion of a number of questions to caregivers and hence the 

reduction of the overall interview length. Other questions were identified where 

additional response categories were needed, and the final questionnaires were 

adjusted accordingly (266). 

The school-based pilot study of wave 3 was carried out from November 2012 until 

February 2013. Primary caregivers (PCGs) who participated in the household pilot 

were asked for written consent to contact the school and teacher of children if 

applicable. A sub-set of 60 schools were approached for participation in the pilot 

study, 52 of which completed all questionnaires. Based on the school-based pilot, 

the school component was agreed for inclusion in the GUI infant cohort at wave 3 

and questionnaires were adjusted (266). However, no information from the school-

based interviews was included in this thesis as not all children had started 

attending school at the time of data collection. Therefore, additional details on the 

methodology used in school-based interviews will not be presented (266). 
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Dress rehearsal phase 

Finally, the dress rehearsal included 413 children sampled from the Child Benefit 

Register that were to be nine months old between 12th May and 13th June 2008, 

when the dress rehearsal of wave 1 took place. The dress rehearsal was 

conducted to retrieve information about the time interviewers required per 

household visit, including their introduction and the signing of consent forms, the 

duration of interviews, as well as physical measurements (99). In wave 2, 237 of 

these families participated in wave 2 (a response rate of almost 88%). The dress 

rehearsal was used to refine the questionnaires and instruments in use, leading to 

the final interview design (268). No dress rehearsal took place in wave 3. 

 

Interviews 

The final questionnaires were used to record information from the PCG of each 

infant, who was usually their mother, and the secondary caregiver (SCG) of the 

infant, who was usually their father (99, 266, 268). Furthermore, questionnaires 

were sent out to home- or centre-based carers of the child if families had a regular 

childcare arrangement in place (waves 1 and 2) (265) and to schools, for children 

who had started attending school (wave 3) (266).  

The PCG was specified as the “self-defined person who provides most care to the 

child [or] knows [the] child best” (265) and the SCG was “self-defined as resident 

spouse/partner of [the] PCG” (265). Characteristics of PCGs and SCGs in each 

wave are provided in Table 1. As the PCG or SCG may have been a spouse or 

guardian who was not the mother or the father of the child, even though this was 

only the case in a small proportion of the families, the terminology suggested by 

GUI will be used throughout this thesis. Furthermore, there was a possibility that 

roles would change in the household across waves, and that another person was 

the self-defined PCG or SCG in wave 1 than in subsequent waves, which is most 

accurately reflected in this terminology (99).  
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Table 1: Caregiver characteristics that changed across waves, due to changes in the 

person who was the primary caregiver (PCG) or secondary caregiver (SCG) between 

waves 

Characteristics of the PCG N in wave 1 
(%) 

N in wave 2 
(%) 

N in wave 3 
(%) 

Total 11,134 
(100%) 

9,793 
(100%) 

9,001 
(100%) 

Parent 11,127 
(99.94%) 

9,783 
(99.90%) 

8,985 
(99.82%) 

Adoptive parent/relative 7 (0.06%) 10 (0.10%) 16 (0.18%) 

Male 38 (0.34%) 159 (1.62%) 190 (2.11%) 

Female 11,096 
(99.66%) 

9,634 
(98.38%) 

8,811 
(97.89%) 

PCG was the PCG in previous wave N/A 9,638 
(98.42%) 

8,840 
(98.21%) 

PCG was the SCG in previous wave N/A 144 (1.47%) 140 (1.56%) 

PCG not interviewed in previous wave N/A 11 (0.11%) 21 (0.23%) 

Characteristics of the SCG    

Total 9,775 
(100%) 

8,576 
(100%) 

7,908 
(100%) 

Parent 9,760 
(99.85%) 

8,520 
(99.36%) 

7,791 
(98.51%) 

Adoptive parent/relative 6 (0.06%) 9 (0.10%) 13 (0.17%) 

PCG’s partner 9 (0.09%) 45 (0.52%) 94 (1.19%) 

Other non-relative 0 1 (0.01%) 11 (0.14%) 

Male 9,797 
(99.61%) 

8,423 
(98.23%) 

7,732 
(97.77%) 

Female 38 (0.39%) 152 (1.77%) 176 (2.23%) 

SCG was the SCG in previous wave N/A 8,232 
(95.99%) 

7,538 
(95.32%) 

SCG was the PCG in previous wave N/A 137 (1.40%) 127 (1.41%) 

SCG not interviewed in previous wave N/A 206 (2.10%) 243 (2.70%) 
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Table 2 provides an overview of the various questionnaires that were used in each 

wave (272). For both the PCG and SCG, interviews were split into a main 

questionnaire for assessment by the interviewer using the Computer Assisted 

Personal Interview system, and a supplementary questionnaire that contained 

questions on sensitive topics and was self-administered by the respective 

caregiver using the computer system (99, 266, 268) (Table 2). The interviews 

furthermore included physical measurements of the length/height and weight of 

both infants and adults (99, 266, 268) as well as a number of cognitive and fine 

and gross motor tests with the study child during the second and third wave (266, 

268). Blaise software was used for the conduction and encryption of interviews 

(267).  

Among the infants included in the GUI infant cohort, 398 were non-singleton 

children (twins or triplets) and in 54 of their families, both twins were included as 

study children in the cohort. In this case, separate child-specific interviews (Table 

2) were conducted with the caregivers for each child, in addition to one mutual 

questionnaire that was used for overall household and caregiver information and 

linked to each of the children included in the interview (99).  
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Table 2: Questionnaires used in the Growing Up in Ireland infant cohort study  

Wave Respondent/ 
assessment 

Questionnaires 

1 PCG in the 
home 

• Primary Caregiver Main Questionnaire  
• Primary Caregiver Supplementary Questionnaire 
• Primary Caregiver Twin Questionnaire 

SCG in the 
home 

• Secondary Caregiver Main Questionnaire  
• Secondary Caregiver Supplementary 

Questionnaire 
• Secondary Caregiver Twin Supplement 

Postal for 
parent (SCG) 

• Non-resident Parent Questionnaire 

Postal for 
childminder 

• Home Based Carer Questionnaire  
• Centre Based Carer Questionnaire 

2 PCG in the 
home 

• Primary Caregiver Main Questionnaire 
• Primary Caregiver Supplementary Questionnaire 

The Primary Caregiver Twin Supplement 

SCG in the 
home 

• Secondary Caregiver Main Questionnaire 
• Secondary Caregiver Supplementary 

Questionnaire 
• Secondary Caregiver Twin Supplement 

Postal for 
parent (SCG) 

• Non Resident Parent Questionnaire 
• Secondary Caregiver Supplementary 

Questionnaire 

Postal for 
childminder 

• Home-Based Carer Questionnaire 

3 PCG in the 
home 

• Primary Caregiver Main Questionnaire 
• Primary Caregiver Supplementary Questionnaire 
• Primary Caregiver Twin Supplement 

SCG in the 
home 

• Secondary Caregiver Main Questionnaire 
• Secondary Caregiver Supplementary 

Questionnaire 
• Secondary Caregiver Twin Supplement 

Postal for 
parent (SCG) 

• Parent Living Elsewhere Questionnaire 

Postal for 
school 

• Principal Questionnaire 

• Teacher on Pupil Questionnaire 
• Teacher on Self Questionnaire 

Note:  The list was taken from The Economic and Social Research Institute (272). The 

questionnaires involved additional measurement items and scales not provided online due to 

copyrights, which are listed in the Growing Up in Ireland summary guides (99, 266, 268).  

PCG = primary caregiver  

SCG = secondary caregiver 
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All questionnaires and other documentation were available in English and Irish, as 

well as in Chinese, French, Latvian, Lithuanian, Polish and Romanian, in order to 

prevent the exclusion of families due to language barriers (99). Information sheets 

were furthermore available in Braille and large font, and translators were available 

to households if required. Caregivers with disabilities were included and aided in 

the interview process as much as possible, for example deaf caregivers self-

completed the main questionnaire with pen and paper, or the interviewer offered to 

read out and fill in the sensitive questionnaire for caregivers with vision problems 

(267). 

Interviewers belonged to the Economic and Social Research Institute’s national 

panel of interviewers and were trained for the fieldwork of the GUI infant cohort 

during a minimum period of four days. This was to familiarise the interviewers with 

the study, questionnaires and other tools and documentation, including ethical 

issues that may arise from this work and the incident report system that was in 

place for interviewers and operated on a 24/7-basis. The training also involved 

instructions on length, height and weight measurements both in infants and their 

caregivers (99, 266, 268). For example, prior to the data collection of wave 1, a 

public health nurse provided practical guidance on use of the weighting scales and 

measuring mats, which were recommended to be placed on the floor, rather than 

on a table, when children were measured. Furthermore, a mother and her nine-

month-old child participated in this training session, as the interviewers needed to 

involve the PCG and ask them to hold the infant in a defined way, in order to take 

the measurements (99). Where possible, the same interviewer was employed to 

conduct the wave 2 interview who had interviewed the family in wave 1 (268). Also 

in wave 3, an effort was made to send the same interviewer to a family as in 

previous waves (266).  

The first wave of data collection took place between September 2008 and April 

2009, the second wave from December 2010 to July 2011, and the third wave from 

March until September 2013. In each wave, families were contacted by GUI and an 

introductory letter and information leaflet sent out to them before the interviewers 

established a first contact and visited the households to organise an appointment 

for the interview. Face-to-face interviews took place in the homes of the families 
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upon signing of a consent form by the parent(s) or guardian(s) of the study child. 

Caregivers could opt out of the study at any time before, during or after the 

interview had taken place. At the end of the interview, the PCG was asked to notify 

the GUI team of their new address if the family moved homes. Furthermore, the 

interviewer recorded contact details of two people outside the household who 

would be asked to establish contact with the family for the next wave of data 

collection, in case the family moved between the interview waves and did not notify 

GUI. The PCG received a copy of this tracing document. As a third means to re-

contact families who moved to another address between interviews, the PCG was 

asked to provide their written consent which allowed GUI to trace the family 

through the Child Benefit Register (99, 266, 268). Additionally, written consent and 

contact details were requested from the PCG to contact the childminder in waves 1 

and 2 (99, 268) or the schools in wave 3 (266) and interview the child’s childminder 

or teacher about the study child (99, 266, 268). However, as previously mentioned, 

data collected from carers, teachers and principals are not described here further 

as this information was not included in this thesis.  

 

3.2.6 Sample size and response rates 

Children were selected from the Child Benefit Register as to be nine months old at 

the time of their first interview, and PCGs of a total of 11,134 infants agreed to take 

part in the study and completed the interview. The families of 9,793 children were 

interviewed in the month after the child’s third birthday and 9,001 when the children 

were five years old. A total of 8,712 families completed the interviews in all three 

waves (78.2%). An overview of sample sizes and response rates can be seen in 

Figure 6. 

 



103 

 

 

Figure 6: Sample size, response rates and attrition between waves in the Growing Up in 

Ireland infant cohort  

 

Of all families sampled from the Child Benefit Register, 58.2% (n=11,134) 

completed the first wave, and 41.8% were excluded for the reasons provided in 

Table 3. If those families were not taken into account that could not be located or 

where the child was deceased, a response rate of 64.3% among eligible families 

was reached (264).  

11,134 nine-month old infants included in 
Growing Up in Ireland infant cohort  

9,793 three-year old children included in 
Growing Up in Ireland infant cohort  

9,001 five-year old children included in 
Growing Up in Ireland infant cohort  

12% Attrition between nine months 
and three years (n=1,341)  

11% Attrition between three years 
and five years (n=1,081)  

19,130 families sampled to participate in 
the Growing Up in Ireland infant cohort  

Response rate and interview 
participation = 58.2%  

19.2% Attrition 
between nine 
months and five 
years (n=2,133) 

Families re-joined at five 
years after non-
response at three years 
(n=289) 
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Of the 11,134 families who were interviewed in wave 1, 3.8% were identified as 

ineligible to participate in wave 2 because the family had moved abroad or the child 

was deceased (Table 3). In total, 88% (n=9,793) of families were interviewed in 

wave 2 if the complete wave-1 sample was taken into consideration, and 91.4% of 

wave-1 families who were eligible for interviews in wave 2. Families in the refusal 

category (4.4%) were split into ‘hard refusals’, which led to the exclusion of families 

from the study in future waves, and ‘soft refusals’, which included families who 

were willing to participate in the study but were ‘too busy’ (e.g. due to the birth of 

another child during the period of data collection) or otherwise did not complete an 

interview in wave 2 (e.g. because the families continuously broke appointments). 

Families with ‘soft refusal’ were kept in the cohort for possible inclusion in wave 3. 

Despite the loss of some children between waves 1 and 2, the complete sample of 

the GUI infant cohort in wave 2 still had a high resemblance with the entire 

population of three-year-old children living in Ireland at that time, indicated by a 

number of population characteristics captured in the 2011 Census of Population 

(268). 

Furthermore, of the total wave-1 sample, 10,360 families were eligible for an 

interview in wave 3 and hence approached for interviews. This included all families 

who had participated in wave 2 and still lived in Ireland in wave 3. Additionally, the 

eligible wave-3 sample consisted of families who had participated in wave 1, lived 

outside Ireland or could not be located or contacted in wave 2, but had moved back 

to Ireland or otherwise informed the GUI study team about their new address since 

wave 2. Families who were excluded from wave 2 due to ‘soft refusal’ as well were 

included in the sample of eligible families in wave 3 (266). Of the 10,360 eligible 

families, 86.9% (n=9,001) completed the interviews and were included in the final 

wave 3 sample. Compared to the final wave-2 sample (n=9,793), the response rate 

in wave 3 was 91% and compared to the complete wave 1 sample (n=11,134), it 

was 80.8%, respectively. Overall, the response rate in wave 3 was higher in 

families that had completed wave 2 (91%) compared to all eligible families (86.9%) 

(266).  
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Table 3: Reasons for non-response between waves in the Growing Up in Ireland infant 

cohort. Families included in wave 1 were n=11,134, in wave 2 n=9,793 and in wave 3 

n=9,001. 

* Families did not establish contact despite repeated call backs from the study team; address was 

unknown because the family moved since their registration with the Child Benefit Register and 

provided no forwarding address; or the address could not be located, was derelict, demolished or 

vacant 

 

Attrition 

Attrition in studies rarely occurs purely on a random basis, but usually varies 

depending on a number of population characteristics, as well as based on the 

respondent’s satisfaction with the interviewer and the overall interview process 

(268). 

Both between waves 1 and 2 and between waves 2 and 3, higher attrition4 was 

observed in families with lower educational levels, lower social classes and in 

single caregiver families. Furthermore, eligible families were significantly more 

                                                           
4 The GUI study team conducted binary logistic regression analysis among families from wave 1 

who were eligible for an interview in wave 2, and among families from wave 2 who were eligible for 

an interview in wave 3, to investigate trends in attrition. Details of logistic regression analysis are 

discussed in Section 3.3.5 of this chapter.  

 

Reason for non-

response 

Non-response 

in wave 1: % of 

original sample 

Non-response 

in wave 2: % of 

wave 1 sample 

Non-response 

in wave 3: % of 

wave 1 sample 

Refusal to take part or 

complete the interview 
23.6% 4.4% 7.5% 

No contact established/ 

address was unknown * 
17.1% 3.1% 4.5% 

Ineligible (family moved 

abroad/ child deceased) 
0.1% 3.8% 7.0% 

Other reason 1.0% 0.7% 0.3% 
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likely to complete an interview in wave 2 if the same interviewer contacted them 

that had visited their home in wave 1. No significant differences in attrition were 

seen based on the duration of the wave 1 interview, based on the PCG’s self-rated 

health, between families in rural or urban regions, or between PCGs who were 

born in Ireland and those that had moved to Ireland at various stages in their lives. 

Most of the observed differences in attrition were explained by varying rates of 

refusal or because no contact could be established with families for the second 

interview (268). Despite minor differences, such as a higher attrition in smokers 

and in low-income families in wave 3, the general trend of lower response rates in 

lower SES groups was consistent between waves (266). Differences in attrition 

based on population characteristics were addressed by statistically reweighting the 

data during each wave, which is presented as follows. 

 

Weighting 

The completed wave-1 sample was statistically weighted on the basis of the 

external population estimates to ensure that it was wholly representative of all 

children aged one year or less in Ireland. Information on population characteristics 

was retrieved through the Central Statistics Office based on the 2006 Census of 

Population, and the Child Benefit Register, based on the data of all 73,662 births 

that had been registered for the calendar year 2008. The GROSS programme 

developed by the Economic and Social Research Institute in 1996 was used, which 

is based on a minimum information loss algorithm using a regression framework 

and has been the standard for surveys in Ireland since the time of development. 

The weighting factor adjusts the sample to the distribution of demographic 

variables in the population while maintaining the original sample size (4).  

Based on the Census of Population, information on the family structure, maternal 

age, maternal Principal Economic Status, paternal Principal Economic Status, 

family social class, maternal education, household tenure, region and gender was 

included in the weights. Based on the Child Benefit Register, information was 

additionally taken on the maternal marital status, maternal nationality and maternal 

residency status. Based on these variables, 99 features were defined and their 
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representation in the original sample of the GUI infant cohort statistically 

reweighted to match the distribution in the total population. An exact breakdown of 

these features in the general population and the GUI infant cohort can be found in 

Quail et al. (264). 

As significant differences were observed in the attrition of families based on a 

number of population characteristics, the sample of three-year-old children 

included in wave 2 of the GUI infant cohort needed to be statistically reweighted to 

match the population characteristics of infants in Ireland who were born in the 

same period of time as the GUI infant cohort, and to match population 

characteristics of those children aged three years who continued to reside in 

Ireland or had moved to Ireland since wave 1. Due to the fixed panel design of the 

study, the latter were not included in the sample in subsequent waves. The 

GROSS programme was used again for weighting the wave-2 data (268).  

The weighting factor generated in wave 2 is a combination of (1) the wave-1 

weight, which accounts for population differences due to the design and response 

in wave 1, (2) overall demographic changes that took place in the Irish population 

over time and were known from the 2011 Census of Population, and (3) additional 

population differences introduced to the sample due to the variations in attrition 

outlined above. The weighting factor in wave 2 hence was constructed on the basis 

of the same 99 features identified along eleven variables for the wave-1 weight. 

Additionally, the following variables that were measured in the GUI questionnaires 

in wave 1 were included in the wave-2 weight: whether or not the child was 

breastfed, the length of time a family had lived in the local area, rural or urban 

location of the household, equivalised income quintile of the household, ethnic 

background of the PCG, hours worked by the PCG, PCG depression status, PCG 

smoking status and PCG BMI (268). 

Similarly, new weighting factors were needed in wave 3, as the attrition between 

waves 2 and 3 was not random, and as some children from wave 1 did not 

participate in wave 2 but re-joined the study in wave 3. Weighting factors used in 

waves 1 and 2 needed to be readjusted to the sample in wave 3 to match the 

population of five-year-old children living in Ireland in 2013; that means to make it 

representative of the population of infants born at the same time as the GUI infant 
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cohort that was still resident in Ireland in wave 3 (estimated n=69,300) (266), taking 

into consideration those children who moved to Ireland since the original infant 

cohort was sampled (266).  

Two weighting factors were added to the study in wave 3 using the GROSS 

programme: the five-year weight ‘a’ that is applicable to all children who 

participated in waves 1 and 3 (n=9,001), and weight ‘b’ that is applicable to children 

who participated in all three waves (n=8,712). The weighting factors generated in 

wave 3 are a combination of (1) the wave-1 weight, which accounts for population 

differences due to the design and response in wave 1, (2) the wave-2 weight, 

which accounts for variations in attrition since wave 1 and demographic changes in 

the Irish population known from the 2011 Census of Population, and (3) additional 

population differences introduced to the sample due to the variations in attrition 

between waves 2 and 3 (266).  

Differences between the sample characteristics for each wave prior and after 

weighting are small, and details have been published elsewhere (4)(266, 268). 

 

3.2.7 Quality control during and after interviews 

In addition to considerations in the study design, sampling and reweighting of the 

GUI infant cohort data to make them representative on a population level, a 

number of mechanisms during and after data collection were used to achieve a 

high quality of the GUI infant cohort data.  

Reponses to interview questions, test results and measurements were recorded 

digitally using Blaise software (267). Most questions were closed questions and 

hence only accepted answers in predefined ranges and categories. Furthermore, 

the programme conducted cross-variable consistency checks and automatically 

coded the answers retrieved to closed questions during the interview. A few open 

questions were additionally included in the interview and answers to these 

questions were manually coded into categories after the interview. While these 

newly-coded categories were included in the GUI infant cohort dataset, the original 
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verbatim responses were removed to protect personal data of respondents. Data 

were later checked for errors and edited if needed (99). 

Furthermore, the acquisition of data from the second and third wave of data 

collection allowed for consistency checks of longitudinal data collected from the 

same family. A number of key variables, such as marital status (268) or educational 

attainment of caregivers (266), were checked across waves and errors removed. 

However, the study team notes that not all inconsistencies could be removed from 

the dataset as it was not always possible to judge which of the data entries was 

correct (266, 268).  

 

3.2.8 Ethical considerations and data protection 

Ethical approval for each wave was granted to GUI by an independent Research 

Ethics Committee through the Department of Health and Children, which reviewed 

all materials and procedures that were included in the study (99, 266, 268). 

The study was carried out under consideration and adherence to principles 

outlined in the following guidelines and Acts of the Irish legislation: 

ü the Children First Guidelines outlined 1999 by the Department of Health and 

Children  

ü the Children First: National Guidance for the Protection and Welfare of 

Children 2011 by the Department of Children and Youth Affairs 

ü the Data Protection Act 1988 

ü the Data Protection Act 2003 

ü the Statistics Act 1993 (99, 266, 268) 

This involved the development of information sheets handed to all potential 

participants and a consent form that needed to be signed by a parent or guardian 

before data were collected. At any time during the study, participants were allowed 

to withdraw from the study or access their personal data held by GUI (267, 269). 

Furthermore, numerous mechanisms were in place to protect the confidentiality of 

the families, such as the coding of family data and password and encryption 
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mechanisms that were in place on all laptops that stored GUI data. To protect 

children during the interview process, interviewers were not allowed to be left alone 

with the study child and only were allowed minimum physical contact, such as 

during anthropometric measurements (267, 269). 

Interviewers were appointed ‘Officers of Statistics’ under the Statistics Act 1993 to 

ensure the confidentiality of information retrieved through the families. 

Furthermore, all staff and interviewers involved in the GUI study were security 

vetted by An Garda Siochana. An incident report system was in place during the 

data collection of each wave that operated on a 24/7- basis and could be used by 

interviewers, in addition to a child welfare and protection protocol that was 

developed by the GUI study team (99, 266, 268). 

In order to protect the anonymity of families, names, dates of birth and open text 

responses were removed from the dataset. Furthermore, the dataset was available 

in two files: the Anonymised (AMF) and Researcher (RMF) Microdata Files. The 

AMF had all other data removed or grouped into fewer categories where there was 

a possibility to identify families based on very specific or rare characteristics. For 

numerical ranges, bottom or top coding was used to group outliers together with 

more frequent values, or continuous scores were grouped into categories all 

together. Similarly, for categorical variables, different responses that were rarely 

mentioned in the interviews were grouped into a category named ‘other’ for use in 

the AMF. Lastly, most information captured in the sensitive questionnaire was 

removed from the AMF (266, 268). 

For use in this thesis, the extended data available in the RMF were considered 

most suitable to study OWOB, as well as continuous BMI and a number of 

variables of the children and their families that were specified in less detail in the 

AMF. For example, the ethnic background of children and measurements of height 

and weight, both among children and their caregivers, were provided in detail in the 

RMF, including any potential outliers.  
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3.3 Methodology for secondary analysis of the Growing Up in 

Ireland infant cohort 

This section focuses on the use and modifications to the RMF of the GUI infant 

cohort data in this thesis. Following on from the retrieval of the data, a number of 

variables from the GUI infant cohort datasets were chosen for inclusion in this 

thesis. Data were taken from all three waves (i.e. when the children were nine 

months, three years and five years old). In Sections 3.3.2 and 3.3.3, the 

measurement of various variables as well as specifications of their use on this 

thesis will be described.  

Following from the description of variables and data cleaning, exploratory analysis 

for all variables will be described in Section 3.3.4. In Section 3.3.5, more advanced 

statistical analysis used in this thesis will be described.  

 

3.3.1 Data retrieval 

Researcher Microdata File application 

The application form for acquiring the RMF was completed and submitted to the 

National Longitudinal Study of Children in Ireland Project Office at the Department 

of Children and Youth Affairs several months before the data were obtained. 

Approval of the application was required from the Project Office and from the 

Director General of the Central Statistics Office (273). Access to the dataset was 

granted to Officers of Statistics only, appointment of which was subject to the 

completion of a training session by the Central Statistics Office. Details of the 

application are set out in the RMF application form, which is available online: 

https://www.dcya.gov.ie/documents/research/20180815_GUINLSCIRMFAppForm.

doc . 

 

https://www.dcya.gov.ie/documents/research/20180815_GUINLSCIRMFAppForm.doc
https://www.dcya.gov.ie/documents/research/20180815_GUINLSCIRMFAppForm.doc
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3.3.2 Outcome variable – body mass index 

BMI can be analysed in various ways, for example it can be categorised based on 

the use of child growth criteria, or it can be used as a continuous variable, either in 

the form of raw BMI scores, standard deviation (SD) or z-scores, or as BMI 

centiles, all of which were considered for this study. As explained in Chapter 2, BMI 

is not subject to constant growth during childhood, neither is it expected to be 

constant over time, unlike that of adults. For instance, according to those BMI 

scores provided for reference in the WHO growth standard and WHO growth 

reference, the average BMI in girls lies at 16.7 kg/m2 at nine months of age and at 

15.4 and 15.3 kg/m2 at three and five years, respectively. For the same ages, boys 

have an average BMI of 17.2, 15.6 and 15.2 kg/m2 (274, 275).  

This implies that it is useful to compare children’s growth curves to the distribution 

of BMI in a reference population, such as that of the WHO growth standard, and 

position a child’s BMI within that distribution. Most commonly, a child’s individual 

BMI would be approximately in the middle of the BMI distribution observed in the 

reference population, and while the range of sex-specific BMI scores in this 

distribution may change over time, an individual child would be expected to have a 

BMI that continuously lies close to the mean or median recorded within this 

distribution. As BMI tends to be normally distributed, the mean and median of the 

BMI distribution are interchangeable (274, 275). If a child exceeds a defined sex- 

and age-specific threshold within the distribution in the growth reference population 

(that is, the population underlying the respective child growth criterion), the child is 

considered to be overweight or obese. Because mean BMI values within the 

reference population differ between the sexes and ages, a standardisation of the 

reference BMI distribution can be useful when children of different sexes or ages 

shall be compared. In its standardised form, BMI has the same value range for 

every age and sex, but the same values correspond to different raw BMI scores in 

different age groups and sexes.  
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Continuous use of body mass index data 

Two standard conversions to standardise BMI scores are the transformation of raw 

BMI values into BMI percentiles, or into BMI SD or z-scores, the latter of which are 

interchangeable. Conversions of BMI can be performed using any underlying BMI 

distribution, for example that of the population under investigation at a given time 

point, or that of a comparable reference population which is available in the form of 

growth references or growth standards.  

Percentiles are, as the word indicates, a hundred parts of information given on a 

population (or sample). In a distribution of BMI, the 50th centile describes the 

median BMI value, meaning that half of the population will have a BMI below and 

the other half will have a BMI at or above this value. The 85th centile represents the 

BMI value that includes only the top 15% of the population based on their BMI 

above this value (80). 

Z-scores are based on the SD of a particular value from the mean. In a normal 

distribution, 68% of children have BMI scores that fall within a SD of between -1 to 

1, 95% have a BMI within -2 to 2 SD, and 99.7% within -3 to 3 SD. Therefore, the 

closer the BMI z-score of a child is to 0, the closer that means it is to the average 

of all children in the same sex and age group. Weight, length/height and BMI 

measurements outside the range of -5 to 5 SD are considered invalid by the WHO 

as these deviate more from the mean of the respective anthropometric 

measurements than what is considered realistic variations (275-277). 

The standardised nature of BMI z-scores and percentiles offers the advantage that 

BMI scores can be compared easily between ages and sexes; however the use of 

standardised BMI also bears a number of disadvantages. First, the use of z-scores 

or percentiles relies on data from an underlying reference population. Chapter 1 

showed that no consensus exists as to which child growth criterion is the most 

suitable to assess children’s weight status, and z-score and percentile distributions 

of BMI are subject to the same limitations. Secondly, Berkey and Colditz (278) 

criticise the complexity added to the interpretation of findings, identifying raw BMI 

scores as the much more meaningful measurement unit of BMI change. Thirdly, 

various studies indicate that the use of BMI z-scores may lead to imprecise 
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estimations of change based on explanatory variables, particularly in the higher 

BMI ranges of severely obese children and especially among young children (278-

280). While these studies investigated z-scores underlying the Centers for Disease 

Control (CDC) growth charts, which are based on the US population (278-280), 

these limitations appear applicable to other growth criteria including those used in 

this thesis. 

Accordingly, as this thesis seeks to investigate children’s BMI and particularly the 

higher BMI ranges, and after careful consideration of all options, it was decided 

that raw BMI presents the more suitable continuous outcome variable and 

therefore was used in this study. As BMI in the GUI infant cohort was assessed at 

the same ages of children in each wave, raw BMI scores between children are 

comparable with appropriate analysis. Despite this preference, standardised 

scores of BMI were used in sensitivity analysis, and also to group children’s BMI 

into weight categories. Both are described in the following sections. 

 

Standardisation of body mass index in the Growing Up in Ireland data  

In the GUI infant cohort, trained interviewers took standardised weight and 

length/height measurements of the children in each round of interviews. This offers 

major advantages over parental or children’s self-reports of weight and 

length/height, the latter of which are more likely to be biased, due to measurement 

errors or social desirability of having a ‘normal’ BMI (12).Weight was assessed 

using the Class III SECA 835 portable electronic weight scale (99, 266, 268), which 

measures weight graduated by 20g up to 20kg and by 50g thereafter (267). Length 

was measured with the SECA 210 measuring mat when the infants were nine 

months old (99) and height was measured with a Leicester measuring stick at the 

following ages (266, 268). Both length and height were recorded to the nearest 

millimetre (267). Raw BMI was calculated dividing the weight in kilograms by the 

square root of length/height in metres.  

To standardise BMI, the raw BMI scores were converted into BMI-for-age z-scores 

based on the WHO criteria, namely the WHO growth standard at nine months and 
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three years of age and the WHO growth reference at five years. This conversion 

was based on the za n th ro  work package, which is an add-on to Stata developed by 

Vidmar et al. (281) and Vidmar et al. (282), some of whom were also involved in 

the development of child growth criteria. The za n th ro  package allows users to 

transform anthropometric measurements of children, such as their weight-for-age, 

length/height-for-age and BMI-for-age, into z-scores based on various child growth 

criteria included in the package (282).  

There are a number of benefits in using the za n th ro  package in Stata. First, it 

provides a built-in option to exclude observations that are outside the range of -5 

and 5 SD from the mean of the anthropometric measure used.  

A second advantage of the  za n th ro  package is its main function, the conversion of 

anthropometric measures into age- and sex-specific z-scores. The values retrieved 

from anthropometric measurements in the dataset are matched with the reference 

z-scores, based on the specified growth criterion, and converted into a continuous 

variable ranging from -5 to 5.  

Lastly, the conversion of anthropometric data with  za n th ro  does not only specify z-

scores adjusted for the age and sex of the child, but additionally offers the option to 

adjust z-scores for gestational age at birth.  

Accordingly, in addition to BMI and age at BMI measurement, the children’s 

gestational age (in weeks) and sex were used to standardise BMI in each wave 

using the za n th ro  package. For each wave, three variables were generated 

specifying B MI - fo r - a g e z - sco res , w e ight - fo r - ag e  z - sco res  and  leng th/h e igh t - fo r - a ge  

z - sco res  based on WHO criteria.  

 

Categorical use of body mass index data 

Sex- and age-specific cut-off points for weight categories were available for young 

children from the WHO growth standard (applicable to ages zero to below five 

years) (277) and WHO 2007 child growth reference (age five years and older) 

(114). For both WHO growth criteria, thresholds of weight categories are based on 
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SD. In addition to the WHO criteria, the International Obesity Task Force (IOTF) 

growth reference (age two years and older) (283) was used as an alternative 

criterion. The IOTF growth reference categorises BMI based on defined sex- and 

age-specific thresholds which correspond to the adult raw BMI sores of 25 and 30 

kg/m2; that is thresholds for overweight and obesity, respectively (Appendix 1).  

Chapter 4 will provide more detail about these child growth criteria. 

 

Data cleaning 

The cleaning of the outcome variables followed a two-step procedure.  

First, all weight, length/height and BMI observations were plotted for each wave 

individually, in order to identify potentially invalid values and outliers that needed to 

be removed from the dataset. Furthermore, all weight, length/height and BMI 

observations outside the range of -5 to 5 SD of WHO criteria were identified using 

the za n th ro package and removed (see Appendix 2 for details).  

In a second step, changes in weight and changes in length/height within the same 

child over time were investigated which led to further exclusion of observations. 

With approximately two years lying between each measurement of a child, both 

weight and length/height were expected to increase from one wave to the next. To 

examine changes across waves, three variables were generated that indicated the 

weight gain between waves 1 and 2, 2 and 3, and 1 and 3, and three variables of 

length/height gains respectively. Where decreases or only marginal increases were 

seen based on these variables, all weight or length/height and BMI data for both 

concerned waves were removed from the dataset as it was unclear during which of 

the waves measurement or reporting errors had taken place. ‘Marginal increases’ 

were defined based on outlier analysis and skewness (Appendix 2).  

Details of values that were excluded from the dataset at each wave are provided in 

Appendix 2. Overall, relatively few observations were excluded from the dataset 

and little or no changes in mean BMI at each wave were seen (Appendix 2).  
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3.3.3 Explanatory variables 

A number of explanatory variables from the GUI infant cohort were included in this 

thesis to test the second to fifth hypothesis that were outlined in Chapter 2. The 

choice of variables was primarily driven by the SEM, the Co mp lex web  of po ten tia l 

d e te rmina n ts of o ve rwe igh t a n d o be sity in  ch ildre n , and the literature review in 

Chapter 2, which will be referred to for more detail on each of the respective 

variables presented below. The full questionnaires can be accessed on the GUI 

website (284). Detailed information on item development and tools used in the 

three infant cohort waves is provided elsewhere (266, 267, 269).  

Table 4 summarises the various explanatory variables that were included on 

different levels of the SEM and that were investigated in relation to the outcome 

variables (discussed in Section 3.3.2).   
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Table 4: Inclusion of risk factors of childhood overweight and obesity and associated 

population characteristics in this thesis. Population characteristics and risk factors are 

structured according to the levels of the Social Ecological Model (SEM) based on Reed et 

al. (8)  

Level of the 

SEM 

Population characteristics and risk factors of childhood 

overweight and obesity  

Individual 

level 

Genetic factors: 

ü sex 

Lifestyle of the child: 

ü diet: number of food recommendations met 

ü frequency of unstructured physical activity 

ü frequency of sports club use  

ü daily screen time  

ü antibiotic courses in the past twelve months  

ü daily sleep duration 

Parenting 

styles & family 

characteristics 

Parental characteristics: 

ü primary caregiver weight status 

ü secondary caregiver weight status 

Birth outcomes and early growth: 

ü gestational age 

ü birth-weight-for-gestational-age 

ü rapid infant weight gain 

Infant feeding: 

ü breastfeeding initiation and duration 

ü timing of introduction to solid foods 

Family structure: 

ü household structure  

ü primary caregiver stress 

Community, 

demographic 

& societal 

characteristics 

Socio-economic status of families: 

ü household class 

ü equivalised household income 

ü highest education of caregivers 

Ethnic background: 

ü ethnic background of caregiver(s) 

Characteristics of the neighbourhood families live in: 

ü region 

Parental perceptions of the neighbourhood: 

ü neighbourhood perceived as safe 

ü neighbourhood perceived to offer green and play 

spaces 

Non-parental childcare environment 

ü formal or informal childcare arrangements 
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Explanatory variables on the child level 

In the following section, various explanatory variables on the individual child level 

of the SEM will be described that were measured in the GUI infant cohort and were 

included in this thesis. This includes the development of composite scores that 

were generated to assess the children’s dietary intake and physical activity, in 

addition to other mainly behavioural factors. 

 

Sex 

The sex of the children was recorded as ‘boy’ or ‘girl’ in wave 1. There were no 

missing data.  

 

Diet composite score 

The children’s diet was assessed in waves 2 and 3. In wave 2, 14 food items were 

measured using an adapted version of the Sallis Amherst Questionnaire based on 

a 24-hour recall by the PCG (269). This excluded essential food groups (such as 

main foods rich in carbohydrates and protein rich foods other than dairy) and the 

PCG was asked to indicate whether the item was consumed ‘Not at all’, ‘Once’ or 

‘More than once’ on that day. No indication was provided whether the food recall 

referred to a weekend or week day, which limits the validity of the data (285), in 

addition to the fact that food intake in 24 hours may not represent a child’s usual 

consumption (286). In wave 3, based on the Food Frequency Questionnaire 

developed by the School of Public Health, Physiotherapy and Population Science 

in University College Dublin (266), 53 food items were measured that represent a 

wide range of foods and food groups. The PCG was asked to indicate whether the 

child ate each item ‘Never’, ‘Less than once per month’, ‘At least once per month’, 

‘At least once per week’, ‘Most days’, ‘Daily’, ‘2-3 times per day’, ‘4-5 times per day’ 

or ‘6 times per day or more often’. Parental assessment in this age group is 

recommended (285). While food frequency questionnaires (as opposed to food 
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quantity questionnaires) may be inaccurate on the individual level (285), they can 

capture overall consumption patterns of children on population level (286). 

Alternative approaches such as food weighing and prospective food records (285) 

were not feasible in GUI due to its broad scope and scale (266). Given the various 

measures used and the lack of information in waves 1 and 2, for this thesis it was 

decided to use the dietary data from wave 3 as a proxy for overall family diet that 

would most likely determine the child’s earlier diet as well. Dietary patterns were 

previously found to track through children’s early ages (180, 287). 

As a part of this thesis, a food composite score was generated based on the 53 

food items measured in wave 3. Other studies used food composite scores to 

assess the dietary quality of children in a simplified way (287-289). Cluster analysis 

or principal component analysis are commonly used to group individual food items 

into consumption patterns ( a - p o ste rio ri  approach). These data-driven techniques 

frequently split diets into an ‘unhealthy pattern’ characterised by a high proportion 

of processed food, fast food and items typical to a western diet, and a 

predominantly ‘healthy pattern’ that is in compliance with food guidelines (180, 287, 

290, 291). Accordingly, no benefit of using clustering techniques over hypothesis-

driven ( a - p rio ri ) approaches was seen (289). The 53 items measured in the GUI 

infant cohort were therefore grouped into food groups a - p rio ri  based on similarities 

in their (macro-) nutrient profile to generate a food composite score. A full list of the 

53 food items is provided in Appendix 3.1. 

Food items were grouped together according to the food groups listed in the 2016 

food pyramid, which is applicable to children aged five years and older (292). 

Similarly, the Healthy Eating Index was previously used as a composite diet quality 

index in the US, Greece and Portugal (288, 293). The measurement scale used by 

GUI was converted into consumption frequencies per month; that means a 

numerical value was given to each of the nine original categories, as can be seen 

in Table 5. This was necessary to sum the consumption frequencies of different 

food items in a group. A similar approach was previously taken in a study by Lioret 

et al. (287), in which the scale was converted into frequencies per week. 

Consumption frequency quartiles were considered as an alternative to quantify the 
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consumption per food group as has been done in a previous study (293), however 

this is less precise when food items are grouped together.  

Table 5: Conversion scale used in this thesis for food consumption labels assessed in the 

Primary Caregiver Main Questionnaire in wave 3  

Original label in the 

Growing Up in Ireland study 

Approximate frequency of 

consumption per month 

Never 0 

Less than once per month 0.5 

At least once per month 2 

At least once per week 10 

Most days 20 

Once daily 30 

2-3 times per day 75 

4-5 times per day 135 

6 times per day or more 165 

 

The food pyramid recommendations suggest that children should eat five to seven 

servings of fruit and vegetables per day, three to five servings of foods rich in 

carbohydrates, such as grains or potatoes but excluding sugar, three servings of 

dairy products, two servings of protein, with limited or no amounts of processed 

meats, and two small servings of spreads and oils. No minimum recommended 

consumption of sweet and salty snacks, including fizzy drinks, exists, and therefore 

these items should be consumed less than every day, according to the food 

pyramid guidelines (292). Furthermore, items from various of these food groups 

were added into a seventh food group ‘processed food’ which is not mentioned in 

the food pyramid; however it was identified in a number of previous studies and 

appears relevant to the study of childhood OWOB (187, 287).  

Food groups, as well as individual food items were tested for collinearity. No 

correlation was seen between either the seven food groups or the 53 food items (-

0.5 < r < 0.5). Descriptive statistics of the individual food groups revealed that 

children in Ireland tend to over-consume, rather than under-consume food groups 
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in relation to food pyramid recommendations. Between 0% and 4% of children 

consumed less than what was recommended in each of the seven food groups, as 

opposed to between 8% and 93% of children who consumed more than what was 

recommended in the respective food groups. Further detail is provided in Appendix 

3.1. For fat intakes, this is in line with findings from the Irish National Preschool 

Nutrition Survey 2011-2012, in which 25% of 500 preschool-aged children 

exceeded fat intake recommendations. Additionally, a high consumption of sweet 

and salty snacks was observed, similar to the GUI infant cohort. However, children 

in this survey commonly did not consume the recommended minimum amount of 

fruit and vegetables (294), whereas recommendations were met in the GUI infant 

cohort and in young children from different European countries in another study 

(295). Similar to other European cohorts, it is possible that the PCG in GUI over-

reported the intake of fruit and vegetables due to social desirability bias (296).  

Based on the food pyramid recommendations, the score of each food group, that 

means the total estimated consumption frequency of food items in that food group 

per month, was categorised as contributing to a high or low quality diet. Two 

approaches were taken into consideration for this. First, the ‘Physical activity, diet 

and lifestyle’ (PDL) scoring system suggested by Manios et al. (297) applies a 

maximum score of four to children if they are meeting a food recommendation, a 

score of zero for the lowest dietary quality, and scores of one to three based on 

how much children deviate from the dietary recommendation. These standardised 

scores of all food groups can be added and a continuous scale generated to 

indicate overall dietary quality. However, the PDL score appeared unsuitable for 

this study as, once food groups are merged into one continuous scale, it is unclear 

whether scores in the middle range occur due to over- or under-consumption of 

certain food groups. Over-consumption, in the PDL scoring system, is valued 

higher than under-consumption (297) which makes the interpretation and 

translation of findings into prevention strategies for OWOB nearly impossible.  

Therefore, a second, simplified approach was used to combine the food groups, 

similar to the Mediterranean Diet Score that was used in young children in a 

European cohort study (286). A continuous scale was generated with values 

ranging from zero to seven that indicate how many of the seven food 
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recommendations a child is meeting or almost meeting. It was decided to include 

children in this who slightly over- or under-consumed food items because PCGs in 

GUI only self-reported the frequency, but not portion sizes, of food items. 

Therefore, it was not possible to differentiate whether children precisely met the 

recommendations or deviated slightly. In contrast, on population level, this can be 

delineated from a very high or very low consumption of food groups. While the risk 

of noise cannot be eliminated from the continuous composite score entirely, this 

approach appeared most applicable to generate an aggregate measure of the food 

frequency questionnaire that would reflect the dietary quality of children on a 

population level without adding much complexity to the analysis. Detailed 

information on the scoring is provided in Appendix 3.1. 

 

Physical activity 

Sports club membership 

Data on physical activity levels of children were only collected in wave 3 of the GUI 

infant cohort and are split between organised sports and unstructured active play. 

Organised sports use was assessed by asking PCGs how often the child attends a 

sports club, grouped into ‘Never’, ‘Twice a month’, ‘Regularly, one hour per week’, 

‘Regularly, two hours per week’ and ‘Regularly, more than two hours per week’.  

This variable was adopted in this thesis without modifications, as all values 

appeared valid and only a low potential for social desirability bias was seen. Bias 

or measurement errors were not expected much as sports clubs tend to be used 

on a paid membership basis.  

 

Unstructured physical activity composite score 

To assess unstructured physical activity levels of children, PCGs were asked 

whether their child engaged in a number of activities categorised as ‘Climbing on 

trees, climbing frames, wall bars, etc.’, ‘Playing with a ball’, ‘Playing chasing’, 

‘Riding a bike, tricycle or scooter’ and ‘Skating’. Similar to the aggregation of food 
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items, the development of a composite score appeared reasonable. Most 

composite scores in previous studies of young children tend to focus on physical 

fitness and motor skill development, rather than physical activity levels (298, 299), 

or they integrate physical activity levels with other lifestyle items such as diet and 

screen time (297, 300). Therefore, similar to the a-priori approach used for the 

dietary quality score, the frequencies of unstructured physical activity were added 

together and a continuous composite score generated to study individual items in 

synergy. A similar approach was used by Hinkley et al. (301). 

For each unstructured physical activity item, the PCG was asked to indicate 

whether the child pursues the activity ‘Never’, ‘Less than once per week’, ‘Once or 

twice per week’, ‘Three to six times per week’, or ‘Every day'. These frequencies 

were converted into events per week, similar to the conversion of food 

consumption in monthly frequencies for the food composite score. That means 

numeric values were given to each of the original categories as can be seen in 

Table 6.  

Table 6: Conversion scale used in this thesis for unstructured physical activity labels 

assessed in the Primary Caregiver Main Questionnaire in wave 3 

Original label in the 

Growing Up in Ireland study 

Approximate frequency of 

the activity per week 

Never 0 

Less than once per week 0.5 

1-2 times per week 1.5 

3-6 times per week 4.5 

every day 7 

Don’t know Missing 

 

A composite score was generated by calculating the average frequency per week 

of the five different activities and rounding it to the nearest full number, thereby 

retrieving a continuous variable that ranged from zero to seven. However, few 

children were grouped in the values zero (n=52) and seven (n=140), which is why 

children scoring zero on this composite variable were grouped together with those 
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children scoring one, and children originally scoring seven were grouped together 

with those scoring six. Details of this can be seen in Appendix 3.2. 

It was considered to reduce the complexity of the data further by integrating the 

frequency of sports club use (presented above) in the composite score. However, 

the potential for measurement error or bias appeared much higher in the 

assessment of various unstructured physical activities, compared to sports club 

use, which is why the two variables were kept separate. In some children, error 

was expected if children were minded by someone other than the PCG, and it is 

possible that some PCGs over-reported the frequency of unstructured physical 

activity due to social desirability bias. The number of daily step counts using 

pedometer data would have been preferable to assess physical activity levels more 

objectively; however this was not feasible as the administrative burden and cost of 

this would have been beyond scope for the GUI infant cohort study that aimed to 

collect data from a multitude of domains of child development.  

 

Screen time 

Screen time was recorded in waves 2 and 3 of the GUI infant cohort. In wave 2, the 

PCG was asked how many minutes the child spent watching TV on an average 

day. In wave 3, a wider definition related to ‘screen time’ was used and the PCG 

was asked how much time the child spends with screen-based devices. As few 

children used no screens at all, a category ‘none to less than one hour’ per day 

was used to indicate little use. Furthermore, children were grouped as using 

screens ‘one to less than two hours’ daily if they were within or just above 

recommendations, or ‘two to less than three hours’ and ‘three or more hours’ which 

indicates that they are regularly exceeding recommendations (209).  

It is possible that the total amount of screen time may be underestimated for some 

children due to social desirability bias introduced by the PCG, or if children use 

screens when minded by somebody other than the PCG. However, this study 

seeks to assess an approximate level of screen time, in other words, to distinguish 

between low, normal and high use and to investigate trends in screen time use on 

the population level, rather than in the individual child. While minor levels of bias 
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can occur in the lower categories that need to be acknowledged when interpreting 

findings, the variable is understood to reflect overall population trends. 

Antibiotic intake 

In waves 2 and 3, the PCG indicated how many courses of antibiotics the child 

received in the twelve months prior to the interview. This was used as a continuous 

variable in the analysis as no thresholds are known that link a defined dose to 

OWOB outcomes. Children with equal or more than 20 courses of antibiotics were 

grouped as having received 20 courses in the past twelve months (n=12 in wave 2, 

n=14 in wave 3). The retrospective assessment of a twelve-month period may 

induce some level of recall bias; however the PCG is expected to remember 

approximate levels because General Practitioners (GPs) and pharmacists tend to 

clearly label medicines as antibiotics. While this limitation needs to be 

acknowledged, the exact level of error cannot be assessed and adjusted for in the 

study as medical records were not available. 

 

Sleep 

The child’s sleep duration, including daytime sleep, was recorded from the PCG in 

each wave. For this thesis, the GUI data were used to group children’s sleep at the 

respective ages as below recommendations, within recommendations, or above 

the recommended hours of daily sleep, based on recommendations by the National 

Sleep Foundation (217). Less than 200 children in GUI had a recorded sleep 

duration that fell in the lowest category at three years of age and in the lowest and 

highest category at five years, therefore cut-off values were altered for use in the 

analyses to achieve meaningful and statistically relevant results: For nine-months-

old children, the original categories according to the sleep recommendations were 

kept. At three years, children were grouped into sleeping ‘less than eleven’, ‘eleven 

to under 13’, or ‘13 or more’ hours per day. At their age of five years, children were 

grouped into sleep categories of ‘less than eleven’, ‘eleven to under twelve’, and 

‘twelve or more hours per day’. The differences in counts in each category are 

detailed in Appendix 3.3.  
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Parent-reported sleeping times of infants may not always be accurate, compared to 

more sophisticated tools such as wrist actigraphy. However, population-level 

studies use parental reports as a standard and observed associations with OWOB 

in young children regardless of the assessment tool used (219). 

 

Explanatory variables on the family and parenting level 

Various explanatory variables from the GUI infant cohort on the family and 

parenting level of the SEM were included in this thesis, which are described as 

follows.  

 

Caregiver weight status 

The weight of the PCG and SCG, if available, was assessed during each interview 

using the Class III medically approved SECA 761 flat mechanical weight scale. 

Self-reported weight was assessed at each wave, in addition to measured weight, 

and both were compared to test for measurement or reporting errors if the 

measured weight appeared extremely high or low. 

Height was measured in wave 1 using a standard Leicester portable height stick 

and measurements were fed forward to subsequent waves. Height was only 

assessed in waves 2 or 3 if a new person participated in the PCG or SCG interview 

or if the information from previous interviews appeared faulty during the data 

cleaning of previous waves by the GUI study team. For example, validity was 

tested using the self-reported height which the caregivers were asked to provide 

during the interview. If large discrepancies between measured and self-reported 

height were observed, height was measured again in the following wave if the 

same adult was available for an interview (266). Among those PCGs who were still 

the PCG later in the study, 1,143 had their height re-assessed in wave 2 and 153 

in wave 3. Of those SCGs who were still the SCG in later waves, 1,089 had their 

height reassessed and changed in wave 2, and 377 in wave 3. Furthermore, 68 
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new height measurements were adopted that had been measured in initial PCGs 

who participated in the study as the SCG in a later wave, and vice versa. 

For PCGs and SCGs, BMI was calculated and classified as normal or underweight 

if their BMI was below 25, those with a BMI of between 25 and below 30 were 

classified as overweight and those with a BMI of 30 or higher were classified as 

obese (94, 302) in line with international cut-offs (Appendix 1).  

A separate ‘No SCG interview’ category was created for the weight status of the 

SCG, to avoid exclusion of children from the analysis where data were missing 

because no such interview had taken place (n=1,143 in wave 1). Furthermore, 

observations from 1,359 SCGs (wave 1) were missing because only one caregiver 

lived in the household. The majority of single caregivers have never worked, are 16 

to 24 years old of Irish white origin, and were never married (data not shown). 

Accordingly, a category ‘Lone caregiver household’ was added to the variable that 

indicates the SCG’s weight status, in order to control for potential confounding and 

avoid loss of data in children in lone caregiver households. Furthermore, to 

address the potential for confounding, sensitivity analysis with the sub-sample of 

two-caregiver households was run, which will be described in Chapter 6.  

 

Gestational age 

The gestational age of children at birth was collected from the PCG in the first GUI 

interview and recorded in weeks. It was classified as ‘very early’ (before 33 weeks), 

‘somewhat early’ (after 33 to 36 weeks), ‘on time’ (after 37 to 41 weeks) and ‘late 

birth’ (after 42 weeks or later) (303). Most children were born after between 38 and 

42 weeks and no clear outliers were seen despite lower counts in the higher and 

lower gestational ages (less than 25 observations were seen in each week of 

gestation from 23 to 31 weeks, as well as after 45 and 46 weeks). 

No bias was expected as most parents remember well the duration of the 

gestational period, or whether their child was born prematurely, on term or late 

(304). In particular nine months after birth, no recall bias is expected (304), and no 

risk of any other bias or measurement error seen. 
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Birth-weight-for-gestational-age 

Birth weight was self-reported by the PCG in wave 1 (see Appendix 3.4 for 

descriptive statistics). The recall of birth weight nine months after birth was 

evaluated as very reliable in a comparable British cohort (305).  

The variable BWFGA was generated, using thresholds available from the German 

Perinatal Survey 1995-2000. These are based on a dataset with standardised 

anthropometric data and gestational ages of 2.3 million singleton births in Germany 

that were retrieved from hospitals in 1995 to 2000 (306). Anthropometric 

measurements were taken by doctors, nurses or midwives after birth and 

documented for use in the dataset of the German Perinatal Survey. Means and SD 

specific for the sexes and gestational ages were derived from the dataset and 

percentiles of BWFGA calculated (307) and smoothed using polynomial regression 

(306). The dataset of the German Perinatal Survey 1995-2000 underlying the 

German classification of BWFGA offers the advantage of a high sample size that 

can hardly be reached within such a short time frame in Ireland or other western 

European countries due the annual number of births in these countries (on 

average, 600,000 singleton births were included in each of the first three years of 

the German Perinatal Survey (307), which is more than eight times as many births 

as those registered in Ireland in 2007 (264)). The advantage of using hospital data 

from one single country is that standardised measurement practices are expected 

to reduce the rate of measurement error and high internal validity can be expected 

within the data. Furthermore, while birth weight is known to vary between ethnic 

groups, it is fairly stable across Caucasian children, which is why the dataset from 

Germany is understood to offer sufficient external validity to births around the same 

time period in Ireland. 

Separate percentile values were available for boys and girls, and values were 

adjusted for gestational age in weekly intervals, to categorise the continuous birth 

weight variable as SGA, AGA or LGA. Like in other studies, SGA was defined as 

BWFGA < 10th percentile and LGA as BWFGA > 90th percentile (118, 149). 
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Rapid infant weight gain 

A variable to measure rapid infant weight gain was generated based on the weight 

of children at birth and at the age of nine months (both assessed in wave 1). Ong 

et al. (308) suggest that rapid infant weight gain can be defined as a gain in weight 

that is more than 0.67 z-scores above the mean weight gain, a definition that has 

been adopted in many studies previously (309). Z-scores of weight at birth and at 

nine months were calculated as: 

ᾀͅύὩὭὫὬὸ  ύὩὭὫὬὸ  ɀ άὩὥὲͅύὩὭὫὬὸ  Ⱦ ὛὈͅύὩὭὫὬὸ  

where ᾀͅύὩὭὫὬὸ  is the z-score of a child’s weight at a given age, ύὩὭὫὬὸ  is 

their crude weight in kilogram, άὩὥὲͅύὩὭὫὬὸ  is the mean weight in kilogram of 

all children who participated in wave 1 of the GUI infant cohort, and ὛὈͅύὩὭὫὬὸ  

is the SD of weight in kilogram in the cohort at wave 1. Based on the mean and SD 

retrieved from the cohort, at birth, this corresponded to: 

ᾀͅύὩὭὫὬὸ  ύὩὭὫὬὸ  ɀ σȢτφυσρς Ⱦ πȢυωππυρχ 

Furthermore, the individual z-score at nine months of age was calculated as: 

ᾀͅύὩὭὫὬὸ  ύὩὭὫὬὸ  ɀ ωȢφφπυφψ Ⱦ ρȢρφσρφω 

Following from this, the z-score of weight gain between birth and nine months was 

calculated: 

ᾀͅύὩὭὫὬὸὫὥὭὲ ᾀͅύὩὭὫὬὸ  ɀ ᾀͅύὩὭὫὬὸ  

, where ᾀͅύὩὭὫὬὸὫὥὭὲ describes the z-score of weight gain, that means how much 

weight a child gained proportionally to others. ᾀͅύὩὭὫὬὸὫὥὭὲ , as well as 

ᾀͅύὩὭὫὬὸ   and ᾀͅύὩὭὫὬὸ  all were distributed normally. 

Finally, the binary variable ‘rapid weight gain’ was calculated as: 

ύὩὭὫὬὸὫὥὭὲ  ᾀͅύὩὭὫὬὸὫὥὭὲπȢφχ 
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, where ύὩὭὫὬὸὫὥὭὲ defines rapid weight gain, depending on the child’s 

individual z-score of weight gain.  

 

Breastfeeding initiation and duration 

The PCG was asked whether the study child has ever been breastfed, and, if 

applicable, how long the child had been breastfed, measured in days. Additionally, 

the PCG was asked whether and how long the study child had been exclusively 

breastfed. However, the understanding of exclusive breastfeeding is likely to differ 

between parents and may not conform to clinical definitions (168). Particularly in 

Ireland, where breastfeeding rates have traditionally been low and still are much 

below those in other countries (310), no clear distinction between exclusive and 

non-exclusive breastfeeding may be made by caregivers. Therefore, overall (non-

exclusive) breastfeeding onset and duration appeared as the more reliable variable 

and was used in this study.  

Children were grouped as those not breastfed at all, those breastfed much shorter 

than recommended (below three months), those breastfed between three and less 

than six months, and those breastfed six months or longer. The latest category is in 

line with recommendations by the WHO (175) and includes 1,040 infants who were 

still breastfed when the wave 1 data were collected.  

 

Timing of introduction to solid foods 

In addition to information on breastfeeding, the PCG was asked in wave 1 at what 

age in days the study child had eaten solid food for the first time. For use in this 

study, the continuous variable was split into three groups: ‘before the age of four 

months’, ‘between the ages of four to below six months’, and ‘at the age of six 

months or later’. The threshold of four months was chosen as this is the earliest 

recommended introduction to solid food (267) and the threshold of six months 

corresponds to the minimum duration of six months of exclusive breastfeeding that 
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is recommended for infants by the WHO (175). The latter category includes 70 

infants who had not been introduced to solid food yet at the age of nine months. 

While there is a risk that the exact age in days may not always be remembered 

correctly by the PCG, the impact of possible recall bias was expected to be low 

when the ages were grouped in a three-fold category. 

 

Household structure  

Family structure was grouped into two binomial variables, one expressing whether 

the child had siblings at each wave, and the second expressing whether the 

household was a single- or two-caregiver household. Both variables were 

combined to one composite measure of family structure, categorising families as 

‘one child with one caregiver’, ‘one child with two caregivers’, ‘two or more children 

with one caregiver’ and ‘two or more children with two caregivers’. Valid values 

were observed for all families and no potential reason for bias was seen. Cross-

variable consistency checks were conducted by GUI to maximise validity.  

 

Primary caregiver stress 

In each wave, a sub-set of the Parental Stress Scale by Berry and Jones (311) was 

used. Topics assessed on the Parental Stress Scale include Parental Rewards, 

Parental Stressors, Lack of Control, and Parental Satisfaction. A total of 18 items 

are measured, all of which are rated on a five-point Likert scale which ranges from 

‘strongly disagree’ to ‘strongly agree’. In wave 1, all sub-scales were assessed in 

the PCG interview and retained for analysis in this study, while only a subset of 

items were assessed in subsequent waves. As a result, only the Parental Stressors 

sub-scale (six items) was analysed in waves 2 and 3 in this study, which means 

that the wave 1 score ranges from 18 to 90, compared to a range from 6 to 30 in 

waves 2 and 3. 

Overall, the scale was evaluated to have satisfactory internal reliability and test-

retest-reliability, as well as satisfactory construct (con ve rge nt)  validity levels. This 
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means that test results were found reproducible in the same parents in studies 

prior GUI, and that parents of children with developmental or behavioural problems 

were distinguishable from those of typically developing children, based on scores 

retrieved from the scale (311). With regards to the scales used in GUI, however, it 

should be noted that the assessment of PCG stress was part of the main 

questionnaire in wave 1 and part of the sensitive questionnaires in wave 2 and 3. 

As a number of PCGs did not fill in the sensitive questionnaires in wave 2 (n=87) 

and wave 3 (n=148), the proportion of missing values for PCG stress is higher in 

these waves. Furthermore, it was assumed that caregivers were more reluctant to 

answer the interview questions honestly in the main interview, compared to the 

self-administered sensitive interview, which may limit the reliability of the wave 1 

score. Even though a GUI report from the dress rehearsals found a moderate 

correlation between scores in waves 1 and 2 (r=0.58) (269) the findings across 

waves should be compared and interpreted with caution. Nevertheless, 

acknowledging these limitations, PCG stress was included in the analysis to test 

psychosocial pathways of childhood obesity as no more reliable data were 

available that were indicative of self-perceived stress. 

 

Explanatory variables on the community, demographic and societal 

level 

Additional variables were included in this thesis that were measured in the GUI 

infant cohort on the community, demographic and societal level of the SEM. These 

are described as follows. 

 

Household class 

In each wave, the GUI study team assessed social class based on the occupation 

of the PCG and, if applicable, the SCG. This referred to the current occupation or, 

if caregivers were unemployed or retired, their previous occupation. Occupations 

were grouped in seven ranked categories according to the International Standard 

Classification of Occupations 1988. In families where both a PCG and SCG lived in 
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the household, the higher ranking occupational category was used as a household 

proxy for social class, according to the dominance criterion procedure. Based on 

this classification, families were assigned to the following social class groups: 

‘Professional workers’, ‘Managerial and technical’, ‘Non-manual’, ‘Skilled manual’, 

‘Semi-skilled’, ‘Unskilled’, ‘All other gainfully occupied and unknown’, and 

‘Unclassified’, the latter of which referred to families in which all caregivers had 

never been economically active.  

While the social class of families was likely to correlate with the equivalised 

household income or the educational achievement of caregivers, it appeared 

reasonable to take alternative measures of SES into consideration in the analysis 

of this thesis, rather than to choose a random SES scheme. This was advocated 

by Braveman et al. (312), and is related to the idea that different SES indicators 

may influence the risk of childhood obesity via different pathways; for example 

education may influence childhood obesity through health literacy, income through 

the affordability of health resources and social class through lifestyles and shared 

value systems (313). 

 

Equivalised household income 

During each of the GUI interviews, the PCG was asked to indicate the total 

household income, including social welfare payments. The total household income 

was then equivalised to the household size and composition to make the income of 

smaller and larger families comparable. Different weights were applied for 

household members, namely the PCG was weighted as one adult, each additional 

adult and adolescent over 13 years who lived in the household was given the 

weight of 0.66 adults, and children aged 13 years or less were given the weight of 

0.33 adults. The weighted number of household members was summed and the 

total disposable income in the household divided by the summed number of adult 

equivalents. The total disposable income was the sum of all forms of gross income 

in the household with income tax and social insurance contributions deducted.  

The equivalised household income was then divided into ranked quintiles of 

income. In this thesis, differences in OWOB or BMI outcomes were primarily 



135 

expected in the lowest, compared to the highest income groups, whereas no such 

trend may be seen in the middle range of income. To test this, the analysis of 

quintiles offers better comparability of the lowest and highest income group than 

the continuous variable. Furthermore, a number of outliers were seen at the high 

end of the income distribution which appeared valid but may have confounded the 

analysis (see Appendix 3.5 for details). To test whether material circumstances 

may explain children’s susceptibility to OWOB, the ordinal variable of equivalised 

income quintiles was therefore used in this study. Moreover, to prevent the loss of 

data, a category ‘missing’ was added as 8% of families had no income reported.  

While the risk of reporting bias cannot be fully avoided, this was estimated to be 

small as no incentive was seen for PCGs to over- or under-report the family’s 

income, given the possibility of non-reporting that 8% of PCGs availed of. 

However, it needs to be acknowledged that the cost of living differs across 

geographic areas of Ireland, for example discrepancies in housing expenses exist 

between Dublin and other cities, as well as between cities and rural areas. 

Unfortunately, no information was available that indicated the proportion of the 

income that families spent on living expenses; hence the predictive validity of the 

disposable income to assess the discretionary budget of families could not be 

tested. Nevertheless, the weighting of income to household size and composition 

accounts for much of the variation in expenses that would be expected between 

families, which makes this variable suitable to investigate the material theory. 

 

Highest education of caregivers 

The highest level of educational attainment of the PCG and the SCG, if applicable, 

was recorded in each wave. Various educational levels were grouped into the four 

categories of ‘primary or lower secondary’, ‘higher secondary’, ‘post-secondary’ 

and ‘tertiary’ education. For use in this thesis, the highest educational attainment of 

the PCG and SCG were combined to a variable that indicated the highest level of 

education in the household of either the PCG or SCG. Thus, where no SCG 

interview took place and in lone caregiver households, the highest educational 

level of the PCG was used. The educational attainment of caregivers was 
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combined in order to reduce the complexity of the analysis, but also because it was 

assumed that the caregiver with the higher education would influence the weight-

related behaviour not only of the study child, but as well of other household 

members including the other caregiver. Similar to the assumption that the highest 

occupational category in the household impacts the lifestyle of the entire family, 

also the highest level of education in the household is expected to influence the 

health literacy (and hence the weight-related behaviour) of families (313). While a 

more refined grouping of educational attainment categories (in eleven to 13 

categories) was considered, no advantage of this over the four-fold categorisation 

was expected, particularly certain categories had very few values. Sensitivity 

analysis with more categories confirmed this notion. 

 

Ethnic background 

The ethnicity of both the PCG and the SCG, if applicable, was collected in each 

wave. Most ethnic minorities were grouped to protect their anonymity, which split 

the caregivers into ‘Irish’ and six other groups, as can be seen in Table 7. 

While the ethnicity of parents may influence the child’s growth and weight gain 

through biological pathways, also cultural value systems and traditions inherent to 

ethnic groups may influence the weight-related behaviours of families, which is why 

GUI reported ethnicity for each caregiver separately, rather than for children 

directly. For this study, analysis was initially conducted using the separate PCG 

and SCG ethnicities; however this appeared of little use to test biological pathways. 

When the association with childhood obesity is studied both biological and cultural 

implications of ethnicity should be considered (236). Furthermore, as can be seen 

in Table 7, most SCGs belonged to the same ethnic group as the PCG of the child 

(a correlation of r=0.62). The discriminate validity between PCG and SCG ethnicity 

was low.  
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Table 7: Distribution of ethnicity among secondary caregivers (SCGs) by the ethnicity of 

primary caregivers (PCGs) 

PCG 
ethnicity 

N SCG ethnicity (%) 

Irish 

Any 
other 
white African 

Any 
other 
black Chinese 

Any 
other 
Asian 

Other 
incl. 

mixed Total 

Irish 
6,313 

(92.80%) 
426 

(34.83%) 
20 

(8.93%) 
6 

(25.00%) 
4 

(11.76%) 
25 

(11.01%) 
18 

(38.30%) 
6,812 

(79.38%) 

Any other 
white 

414 
(6.09%) 

785 
(64.19%) 

15 
(6.70%) 

0 
2 

(5.88%) 
8 

(3.52%) 
9 

(19.15%) 
1,233 

(14.37%) 

African 
7 

(0.10%) 
2 

(0.16%) 
179 

(79.91%) 
1 

(4.17%) 
0 

1 
(0.44%) 

2 
(4.26%) 

192 
(2.24%) 

Any other 
Black 

3 
(0.04%) 

1 
(0.08%) 

5 
(2.23%) 

17 
(70.83%) 

0 
1 

(0.44%) 
1 

(2.13%) 
28 

(0.33%) 

Chinese 
16 

(0.24%) 
2 

(0.16%) 
0 0 

27 
(79.41%) 

0 0 
45 

(0.52%) 

Any other 
Asian 

32 
(0.47%) 

2 
(0.16%) 

2 
(0.89%) 

0 
1 

(2.94%) 
188 

(82.82%) 
1 

(2.13%) 
226 

(2.63%) 

Other incl. 
mixed 

18 
(0.26%) 

5 
(0.41%) 

3 
(1.34%) 

0 0 
4 

(1.76%) 
16 

(34.04%) 
46 

(0.54%) 

Total 
6,803 

(100%) 
1,223 

(100%) 
224 

(100%) 
24 

(100%) 
34 

(100%) 
227 

(100%) 
47 

(100%) 
8,582 

(100%) 

Note: The orange fields indicate that the PCG and SCG belong to the same ethnic group.  

N = Number 

 

For these reasons, the ethnicity of the PCG and the SCG, if applicable, were 

combined to assess the ethnic background of the child. The ethnic background 

from data collected in wave 1 was carried forward, as only seven PCGs (0.06%) 

and 15 SCGs (0.15%) were not the biological parents of the study child in wave 1. 

A different person could take on the PCG or SCG roles in later interviews, and a 

larger proportion of PCGs (0.18%) and SCGs (1.5%) were not the biological parent 

of the child by the time the wave 3 data were collected, which is why the wave 1 

data offered the best opportunity to test biological pathways and was used 

throughout the analysis. Where only one caregiver lived in the household, the 

ethnic background of the caregiver was used as this appeared the dominant 

influence on children, for example in terms of child feeding. Additionally, a separate 

category was used for children with two caregivers but where only the ethnicity of 

one was known from the interviews.  
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Region 

In each interview wave, the PCG was asked to describe whether the family lived in 

the open country, a village, towns of various sizes, major cities or Dublin county. 

The responses were grouped as ‘rural’ for families who lived in the open country, a 

village, or a town with less than 10,000 inhabitants. Otherwise, they were grouped 

in the category ‘urban’.  

 

Parental perceptions of the neighbourhood  

In each wave, the PCG was asked to agree or disagree to a number of statements 

about their neighbourhood that were measured on a four-point Likert scale ranging 

from ‘strongly agree’ to ‘strongly disagree’. Two statements that were assessed in 

every wave were included in this thesis, first, “This is a safe neighbourhood”, and 

second, “There are good parks, playgrounds and play spaces”.  

The first item was chosen to assess how the overall quality of the neighbourhood 

and community was perceived by the PCG, which may have implications on the 

psychosocial stress of families. The perceived level of neighbourhood safety may 

not reflect the real level of safety, based on standardised measures such as road 

traffic intensity and crime rates. However, the perception of caregivers was 

expected to determine their behaviour and stress levels more than a measured 

level of safety that may be miss-perceived by caregivers.  

The second item was used to measure the family’s perceived availability of 

facilities to pursue outdoor activities, such as sports and active play. Again, this 

variable may not reflect the real availability of green spaces and outdoor play 

areas, but the perceived availability is expected to influence the willingness of 

families to use available facilities. Some caregivers may perceive the availability as 

insufficient due to the proximity to their family home, or because they don’t find the 

green space sufficiently clean or family-friendly. Such factors cannot be taken into 

account when the geographic locations of family homes and green and play 

spaces are compared. Overall, the perceived availability appeared as a useful 

construct to measure promoters of healthy family lifestyles in the neighbourhood. 
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Childcare arrangements 

In each wave of data collection, PCGs were asked whether their child is regularly 

minded by someone other than the PCG or SCG outside regular school and 

preschool hours for more than eight hours per week. If their child fell within this 

definition of being in a childcare arrangement, the PCG was asked to specify 

whether the child was minded by ‘a relative in the relative’s home’, ‘a relative in the 

child’s home’, a non-relative in their home’, ‘a non-relative in the child’s home’, ‘in a 

childcare institution’ (e.g. a crèche), or in any other arrangement classified as 

‘other’. Furthermore, for five-year-old children, ‘after school service care within 

school’ was added as a possible answer. Responses are detailed in Appendix 3.6. 

To integrate these variables into this thesis, a three-fold composite measure of 

childcare was created for each wave, splitting children into those in no care 

arrangement, those in formal care, that means ‘in a childcare institution’ or ‘after 

school service care’ within a school, and those in informal childcare. The latter 

constitutes all other forms of childcare including the ‘other’ category. 

The measurement of this variable has a number of limitations that needed to be 

addressed in this study. First, the assessed type of childcare arrangement referred 

to the main arrangement in place, whereas theoretically a child could have been in 

formal and informal care regularly. This limitation remains in the study as most 

children were expected to be minded by relatives or neighbours occasionally, and 

the benefit of controlling the study for this did not justify the added complexity.  

Secondly, the childcare arrangement in place was specified as ‘regularly’ for more 

than eight hours per week. As a regular arrangement could have started shortly 

before the GUI data were collected or soon after children were born and 

maintained throughout their early childhood, the age at onset of childcare was 

considered for inclusion in the analysis. However, as many children tended to start 

childcare at the same ages (Appendix 3.6), no need was seen to include this.  

Lastly, a regular childcare arrangement was defined to be used ‘eight hours or 

more’, which can possibly refer to one or up to seven days a week. While the exact 

number of weekly hours was assessed in the GUI interviews, no benefit was seen 

to include this as many children were not in childcare. Hence, a continuous 
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variable would have been highly skewed (if children not in care were coded as 

‘zero’ hours) or would have had a high number of missing cases for children not in 

childcare. Alternatively, the use of a binary or ordinal variable with different cut-off 

values appeared similarly arbitrary like the eight-hour threshold suggested by GUI. 

Moreover, a higher threshold (for a binary variable) may have shifted children into 

the ‘no childcare’ category who in fact were in a childcare arrangement. Even 

during eight hours per week, children were perceived likely to eat meals and 

pursue sedentary or physical activities that varied from habits in the family home. 

Thus, the original threshold of eight hours was maintained for use in this study.  

 

Additional data which were excluded from this thesis 

In addition to the data described throughout this chapter, a number of variables 

and qualitative data were considered for inclusion in this thesis, but excluded from 

the analysis. These data and reasons for their exclusion are described as follows. 

Explanatory variables 

A number of additional variables were considered for inclusion, based on the 

evidence in the literature presented in Chapter 2. Most of these variables refer to 

the pregnancy period, whereas the data collection in GUI started when infants 

were nine months old. Accordingly, variables were excluded from the analysis 

either because no data were available from GUI or because measurement errors 

or confounding of these self-reported data were likely, as described below.   

While both small and large birth weight or BWFGA are commonly and strongly 

related to OWOB outcomes in children (see Section 2.3.1), BMI-for-age at birth 

was considered as an alternative indicator of birth size. Unfortunately, more than 

half of the records of length at birth were implausible or missing. Consequently, 

BMI at birth could not be studied.  

Inclusion of caregiver depression status was considered, in addition to caregiver 

stress; however there was moderate correlation between these variables in wave 

3. As caregiver stress and mental health are expected to influence children’s 
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weight outcomes through similar mechanisms (see Section 2.3.3 for details), 

depression status was excluded from the analysis. 

Furthermore, a number of gestational variables were excluded, mainly because 

each of these variables individually is strongly linked to birth weight, which was 

included as an independent variable in this thesis, and their inclusion would have 

confounded the analysis. Additional reasons specific to the individual variables are 

detailed as follows. 

The weight status of caregivers at the onset of pregnancy was considered for 

inclusion; however the GUI study did not assess BMI in caregivers retrospectively. 

Instead, caregiver weight status when children were nine months old was used as 

the earliest indication of weight status.  

Maternal gestational weight gain was also considered for inclusion in the analysis, 

but was excluded for two reasons. First, gestational weight gain was self-reported 

by caregivers and had a high proportion of missing values (14%) and an unrealistic 

data range (between zero and 66kg). Multiple imputation of missing values was 

considered. However, the nature of the variable itself is prone to reporting bias and 

the accuracy of values could not be assessed, which would have limited the 

reliability of imputed values. Secondly, internationally adopted recommendations 

by the Institute of Medicine define healthy gestational weight gain relative to 

women’s weight status at the onset of pregnancy (48, 127). This was impossible in 

the GUI infant cohort as maternal weight status before pregnancy is unknown.  

Furthermore, after consideration GDM was not included in the analysis. The 

children in the GUI infant cohort were born in 2007/2008, at which time only 

women evaluated to have a high-risk pregnancy were screened for GDM in Ireland 

(314). Therefore, GDM was likely to be undiagnosed and hence underrepresented 

in GUI. Furthermore, this means that most women reporting GDM must have had 

additional risk factors which categorised them to have a high-risk pregnancy. 

These risk factors may have confounded the analysis; however as families in GUI 

were not asked whether the pregnancy with the study child had been a high-risk 

pregnancy, the possibility of unmeasured confounding could not be tested. 

Furthermore, pre-eclampsia was excluded from the analysis for similar reasons. 
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Lastly, gestational smoking and alcohol consumption were measured in the GUI 

infant cohort, but excluded from this study after careful consideration. Both 

variables were understood not only to measure consumption patterns during 

pregnancy, but most likely to indicate the families’ overall health literacy and 

lifestyle. The risk of residual confounding appeared high, especially as health 

literacy was not directly measured in GUI and this association could hence not be 

tested. Additionally, the risk of reporting bias was high.  

On the level of societal, demographic and community factors, no data were 

collected by GUI that indicated how caregivers perceived the food environment in 

their neighbourhood. A request to the GUI study team revealed that no small area 

population statistics were available for the infant cohort (315), hence the measured 

proximity to (healthy) food outlets could not be used as a proxy. However, to a 

point this information may be captured in the regional classification, with higher 

availability and choice of nearby food outlets expected in urban regions. 

Alternative variables to assess the family’s SES, such as those based on poverty 

scales, were considered. For example, families were asked about their ability to 

make ends meet, and about their ability to afford certain basic and luxury goods. 

The SES indicators chosen for inclusion in this study (as described above) 

appeared most instructive as they are frequently assessed and studied in other 

surveys nationally and internationally. They hence have the highest potential for 

comparison. Furthermore, possible high-risk groups in the Irish population defined 

by alternative poverty scales are believed to be difficult to reach through 

interventions and policies if these poverty scales are compared to less complex or 

less sensitive indicators such as occupation and education. 

 

Qualitative data 

Initially, a total of 122 qualitative interviews were also received from GUI through 

an application to the Irish Qualitative Data Archive. Interviews had been conducted 

with a sub-sample of families from the quantitative cohort that represented the 

quantitative cohort as well as the Irish population of infants below one year of age, 

based on a number of socio-demographic characteristics. Interviews took place in 
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2009, when the infants were nine to eleven months old. Interview questions 

touched upon the areas of 1) Perception of the baby, 2) Baby’s routine and habits, 

3) Parent and child relationship, 4) Service utilisation, 5) Transition to parenthood, 

6) Perception of being a parent, 7) Decision-making and social support, 8) 

Community and neighbourhood, 9) Work/life balance, 10) Childcare, and 11) 

Current and future concerns and aspirations for [the] baby (316). The interviews 

were planned to be analysed thematically, performing a text search and coding the 

interviews inductively based on occurring topics and statements related to health, 

healthcare utilisation, health promotion and weight. However, after preliminary 

inductive coding of 15 interviews, it became clear that little weight-related 

information was gathered through the interview questions. In fact, the main related 

topic surrounded issues of breastfeeding and public health support during the first 

days after the child was born, but these findings had already been published by 

Growing Up in Ireland NLSCI (317). Furthermore, no linkage of the qualitative data 

to quantitative records of the GUI infant cohort for sub-sample analysis is possible 

(318), hence the qualitative analysis of the GUI infant cohort excluded from this 

thesis. 

 

3.3.4 Data cleaning of explanatory variables and exploratory analysis 

As with any large dataset, a high amount of data cleaning was undertaken, in 

addition to the cleaning that the GUI study team conducted (Section 3.2.7).  

This involved the removal of outliers, invalid and extreme data values. All 

continuous variables were tested for outliers using boxplots. Outliers were 

recorded and assessed based on comparable value ranges found in other studies 

published in relevant fields. Outliers which are likely to be related to reporting 

errors were deleted from the dataset and recorded. Invalid values within each 

variable were identified by exploring the value range of possible categories. Values 

which can clearly be attributed to a missing values or other category were recoded 

into the appropriate category. Extreme data values seen in the continuous 

variables were removed or the variable was categorised so that individual 
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observations could not confound the analysis. Detailed numbers and reasons for 

the exclusion of observations from the dataset can be seen in Appendix 3.7. 

 

Missing value analysis 

Missing values were investigated for patterns of non-reporting to assess whether 

they were missing at random. Variables relating to the SCG were examined 

separately. Categories were generated for values that were missing (1) because 

the SCG was not interviewed, or (2) because the child lived in a household with 

only one caregiver.  

Multiple imputation was considered for replacing missing values in the dataset, in 

order to include as many observations as possible and prevent loss of information 

and statistical power. However, as the proportion of missing values in each 

variable was small (<10%), this was not necessary (319). Instead, a ‘missing’ 

category was created for variables where the exclusion of missing values would 

significantly reduce the sample size. The percentage of missing values was 0-2% 

for most variables and 2-3% in breastfeeding duration, rapid infant weight gain and 

onset of solid foods. Higher levels of missing values were found among caregiver 

BMI (4-5%) and the equivalised household income (almost 8%). Details for each 

explanatory variable are presented in Chapter 5. 

 

Exploratory analysis 

Means and SD for continuous variables and frequencies and proportions for 

categorical variables at each wave were reported (details can be seen in Chapter 

5). Additional analysis was conducted to investigate trends if deemed appropriate. 

Continuous data were tested for normality by plotting the data and comparing 

means, medians and inter-quartile ranges. For continuous scales which evidenced 

to show some skew, a median and inter-quartile is presented (Chapter 5). 
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Relationships among variables were tabulated and investigated using a variety of 

suitable methods (bar charts and line graphs, Spearman and Pearson’s correlation, 

chi-squared tests and t-tests). P-values < 0.2 were used as a threshold to highlight 

potential univariate associations between the primary outcomes with all other 

variables. Collinearity was investigated using the threshold of -0.8 > r > 0.8. The 

highest Spearman correlations of between r= -0.53 and r= -0.61 were seen 

between household class and equivalised income quintile, and between household 

class and caregiver education in each wave (results not shown). 

McNemar’s test was used to assess the significance of changes over time and 

p<0.05 deemed significant. Bonferroni-corrections were used to adjust p-values for 

multiple comparisons.  

 

3.3.5 Epidemiological analysis and inferential statistics 

Various analysis approaches were chosen to test the research hypotheses and 

reach the aims and objectives of this thesis (described in Section 1.4). Initially 

descriptive statistics were used to describe the participants and prevalence 

(Chapter 4), secondly cross-sectional analysis at nine months, three years and five 

years of age was conducted (Chapter 5) and finally, a longitudinal analysis was 

undertaken, looking at repeated measures over time (Chapter 6). Details of the 

analysis and sensitivity analyses will be presented in the respective results 

chapters. All data cleaning and statistical analysis, including the analysis described 

in Chapters 4, 5 and 6, was conducted using Stata version 13 (320). The 

S tre n gth en ing  th e Re po rtin g  of Ob se rvat ion a l S tu d ie s  (STROBE) guidelines were 

used for reporting of the methods and statistical results (321).  

 

3.4 Summary 

This chapter provided the methodological background to the GUI infant cohort data 

that were used for secondary analysis in this thesis to pursue the research aims 

detailed in Chapter 1. The GUI National Longitudinal Study of Children provides 
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longitudinal BMI data of approximately 11,000 children at their ages of nine 

months, three years and five years. A number of variables on the individual child 

level, family and parenting level, and the community, demographic and societal 

level were also assessed at the respective ages and were adopted and modified 

for use in this thesis to test the study hypotheses. Despite a number of limitations 

seen in the study design and data, the representative nature and large sample size 

are clear benefits of using the dataset and hold promise to reach the aim of this 

thesis, namely to investigate OWOB in early childhood in Ireland.  
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CHAPTER 4:  

 

Prevalence of overweight and obesity in young children – an 

analysis of child growth criteria and data from the Growing 

Up in Ireland infant cohort  

  



149 

Key points in this chapter 

 

Aims of this chapter 

Õ To critically analyse and identify child growth criteria suitable for young 

children 

Õ To describe OWOB prevalence in children at their ages of nine months, 

three years and five years in a young cohort in Ireland 

 

Knowledge generation 

Õ Different child growth criteria will be identified and compared based on 

existing literature. Recommendations for use in children in Ireland will be 

discussed. 

Õ Longitudinal data from a nationally representative population sample in 

Ireland will be used to determine OWOB prevalence among 11,000 young 

children at their ages of nine months, three years and five years. Estimates 

of OWOB prevalence in young children in Ireland will be presented for boys 

and girls, separately, and differences based on varying child growth criteria 

explored 



150 

4.1 Introduction 

While in the past, undernutrition posed a major risk towards population health, 

today it is obesity that causes multi-morbidity and pre-mature death in adults and 

children alike (14) (for more details see Chapter 1). However, consistent and up-to-

date surveillance studies on country level in Europe are missing in the age group of 

zero to five years (12, 79). In order to control what has recently been called the 

‘obesity epidemic’, prevalence needs to be monitored, changes identified and 

trends examined in relation to both risk factors exposures and the implementation 

of intervention strategies (55, 75, 79). While it is suggested that OWOB levels in 

this young age group are high and therefore need to be tackled in most European 

countries, the situation in Ireland, as in many other countries, remains unclear (79). 

It is hypothesised that the OWOB prevalence among young children in Ireland 

reaches similarly worrying levels like those in other countries and age groups. 

However, this needs to be tested using recent surveillance data that are 

representative of all children in Ireland. 

 

4.1.1 Measurement of weight status in young children 

The most common way to determine a healthy weight status is by calculating the 

individual BMI, which was already introduced in the earlier chapters. National or 

international population-level data can be used to study a child’s weight, height or 

BMI in relation to other children of the same sex and age, thereby matching it to 

children with a similar growth profile in the reference population. Thresholds for 

children to fall into a healthy weight category are usually expressed in z-score 

deviations from the mean, or based on a defined threshold percentile within the 

child growth criterion, depending on which criterion is being used (322). A 

distinction in the use of child growth criteria exists between BMI measurements 

used for individual health assessments in clinical practice, and those used for 

population monitoring. Criteria used in clinical practice need to identify individual 

children who are at an increased risk of ill-health because of their excess weight or 

adiposity and require interventions. Varying growth patterns were observed across 

countries, which is why criteria used in clinical practice need to be population-
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specific in order to be relevant for respective health risks (37, 323). In addition to 

this, for population monitoring, child growth criteria need to be used consistently 

over time and should be comparable across countries, which is why consensus is 

needed as to which criterion to use (79). 

While there are other means of measuring OWOB in children, such as waist and 

hip circumference, or percentages of body fat and fat-free mass, a number of 

arguments promote the use of BMI for population monitoring over those. Clear 

advantages of BMI over other methods are its simplicity and cost-effectiveness. 

Weighing scales and height sticks are widely available for use in households, or 

measures can be taken by healthcare providers and in pharmacies, sports 

institutions or schools. In contrast, assessments of fat mass or percentage of body 

fat (measuring skinfold thickness or using computerised tomography or dual-

energy x-ray absorptiometry) are very complex and expensive and therefore not 

applicable on population level (324). Additionally, available cheap means to assess 

body composition, such as measurements of waist circumference or waist-to-height 

ratio, were not superior to BMI in identifying a high percentage of body fat or a high 

health risk in children and adolescents (115, 325-328). 

Furthermore, while measurement error using BMI is possible, this can be limited by 

using standardised equipment, weighing infants naked and children in light 

clothing, and removing children’s shoes to assess height (113, 116, 117). 

Therefore, standardisation of BMI measurement is relatively easy to achieve, 

compared to other anthropometric measurements, such as waist circumference, 

where correct location of the waist can only be ensured through repeated 

measurements (329). 

Another advantage of BMI is the high level of evidence available that relates BMI in 

children to later weight status and health outcomes. A synthesis of this was 

presented in Chapter 1. Other cost-effective and simple tools, such as bioelectrical 

impedance analysis, have not yet found much application on population level 

compared to BMI (330) and may not reveal accurate estimates of weight status in 

the highest BMI ranges (331), which makes them less useful for population 

monitoring. This includes the wide applicability of BMI to children from different 

countries. Despite small differences that may have implications for the clinical 



152 

assessment of individual children (37, 323), BMI was found to be distributed 

similarly across healthy children from different geographic regions (114). In turn, 

larger discrepancies were found between the percentile values of children in 

different countries based on other anthropometric measurements, such as skinfold 

thickness, waist circumference, waist-to-hip-ratio and body fat mass (332).  

Lastly, the use of BMI to assess children’s weight status is preferential to many 

other methods due to a high level of understanding of weight and height 

measurements among parents (333). Therefore, the majority of studies that assess 

child weight status use BMI, which provides a good basis for cross-country and 

longitudinal comparisons (10, 115, 322).  

Taking into consideration all of the above arguments, the use of BMI to determine 

child weight status has been evaluated as a good tool to estimate approximate 

levels of body fat (115, 116, 322, 323) and identify health risk (10, 322, 334). 

Nonetheless, the availability of various child growth criteria adds complexity to the 

assessment of OWOB levels based on BMI in children, and a lack of consensus 

exists as to which criterion is the most appropriate. While the sex- and age-specific 

growth reference suggested by the IOTF seems to have been the most widely 

used criterion for many years, now criteria with alternative cut-off values are 

increasingly used. For example, the two criteria introduced by the WHO jointly 

cover a bigger age span than the IOTF growth reference. Other popular growth 

criteria are that of the CDC, which is derived from a reference population in the US, 

and the UK90, which is based on a British reference population. More country-

specific criteria based on regional or national assessments of children and 

adolescents are in use (322), such as the Kromeyer-Hausschild percentiles in 

Germany (335), those of the Italian Society for Pediatric Endocrinology and 

Diabetology (336), or national criteria in France, Belgium, the Netherlands (164) 

and Brazil (63). Caution is needed when results from different studies are 

interpreted, as particularly in young children, classifications of weight status as well 

as trends between boys and girls can vary widely depending on which child growth 

criterion is used (12, 79, 239, 322, 337). This raises the question of how obesity 

and OWOB are and should be defined in this age group. No single Gold Standard 

appears to exist, which makes prevalences across countries difficult to compare 
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(79) and which raises a need to study estimates of OWOB in young children using 

different growth criteria.  

To provide a context in which to place the Irish prevalence of childhood OWOB, a 

summary of international and Irish surveillance data is presented as follows.  

 

4.1.2 Prevalence and trends of childhood overweight and obesity 

Two major international studies published global and country-specific estimates of 

the recent OWOB prevalence and trends over the last quarter-century (see 

Appendix 4 for details). Both studies conducted pooled analyses of numerous 

transnational, national and sub-national studies and surveys from up to 200 

countries that provided representative data on BMI or OWOB. This includes 

several studies from Ireland with data from adults as well as children and 

adolescents (12, 15) (see Appendix 5 for details). However, to date, no database 

seems to exist which summarises all data for Ireland, Europe, or globally in the 

youngest age group of children from birth until five years of age (79). While the 

Global Burden of Disease Study offers prevalence estimates for children starting 

from the age of two years in 195 countries, including Ireland, actual data underlying 

these estimates in Ireland are based on only one dataset studying four to 16-year-

olds and dating back to the years of 2001 to 2002 (Appendix 5). Irish estimates 

below four years hence were generated based on age-specific trends observed in 

other countries. The NCD Risk Factor Collaboration study furthermore provides 

prevalence levels only starting from the age of five years (Appendix 5). One global 

study in children from birth until the age of five years was identified, however it only 

provides limited data for developed countries including Europe but excluding 

Ireland (18). Nevertheless, findings of these and smaller studies will be 

summarised in the following paragraphs, for example trends of the OWOB 

prevalence based on the Global Burden of Disease Study 2015 (5) as well as 

OWOB projections are shown in Figures 7 and 8 (p. 155). 
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International and European prevalence and trends over time 

In the age group of up to five years, OWOB was found to have increased globally, 

from 4.2% in 1990 to 6.7% in 2010, and a faster increase was seen after 2000 than 

in previous decades. Additionally, more children were at risk of overweight (Table 

8). Estimates were h igh e r  using the IOTF growth reference based on which one in 

six young children had OWOB in 2015, as can be seen in Figures 7 and 8.  

The prevalence of OWOB in young children in developed countries was estimated 

to lie much above the global average in 2010 (Table 8). The validity of these 

estimates, however, is limited as data were available for less than two thirds of 

developed countries in 2010 (18) and still only for approximately two thirds of 

European countries in 2017 (79). Furthermore, a large proportion (one third) of 

weight-related data had been collected mainly to study undernutrition, which is why 

little detail was provided on OWOB levels in some of the studies (79).  

Table 8: Global prevalence of weight status in children aged zero to five years. Prevalence 

was estimated using the World Health Organization growth standard. 

Countries/regions % at risk of overweight % overweight or obese  

Global 14.3%  6.7%  

Developed countries 21.4% 11.7% 

Sour c e:  de Onis et al. (18) 

While the age group until five years appears understudied and data often out of 

date (18, 79), findings in older children support the notion that the prevalence of 

OWOB is high. From 1975 to 2016, obesity levels from the age of five to 19 years 

increased from 0.8% to 6.7% globally (using the WHO child growth reference), and 

an additional 11.6% of children and adolescents were estimated to be overweight 

in 2016 (12). Unlike the difference between criteria in young children, slightly low e r  

levels were found in two- to 19-year-old children and adolescents when the IOTF 

definition was used (15) (Figures 7 and 8). As can be seen in Figures 7 and 8, also 

for Irish children, adolescents and adults, prevalence appears much above the 

global average, which suggests high OWOB levels also in the youngest children.  
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Figure 7: Estimates of the joint overweight and obesity prevalence in Ireland.  

Note: Global estimates are provided for comparison. Prevalence in children is based on criteria by 

the International Obesity Task Force. Data were retrieved from the Global Burden of Disease Study  

(5). *Estimates not based on real observations 
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Figure 8: Estimates of the obesity prevalence in Ireland.  
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In their review of European OWOB prevalence in young children, Jones et al. (79) 

identified large differences in the measurement of OWOB between and within 

countries, making comparisons between geographic regions and over time a 

challenge. Consistently measured and hence comparable data were found more in 

higher age groups, such as those collected in repeated survey waves and cohort 

studies. For example, the Childho od  O be sity S u rveilla n ce  In itiat ive  (COSI) collects 

cross-sectional and longitudinal surveillance data from school children in fifteen 

European countries, including Ireland. Since 2007, new cohorts of six-year-old 

children are sampled bi-annually and followed longitudinally (41, 338). The 

Id e ntifica tio n a nd  p re ve n tion  o f Diet a ry -  a nd  life style - ind u ce d  h e a lth  E Ffe cts In  

Childre n  an d  infa n tS  (IDEFICS) study furthermore collected data from children 

aged two to eleven years living in eight European countries (excluding Ireland), 

which also commenced in 2007 (239). Both cohort studies follow standardised 

measurement procedures to assess weight status longitudinally in representative 

and large samples of children, thereby reducing the risk of bias (239, 338).  

Results from IDEFICS and the COSI showed that significant differences in the 

OWOB prevalence exist between European countries, with higher levels in 

southern than in northern Europe (239, 338), opposite adult geographic trends 

(22). Furthermore, over a two-year period, it could be shown that the prevalence of 

OWOB among studied children decreased in a few countries that had started off 

with high BMI values while countries with low mean BMI scores at baseline 

appeared to catch up and follow an increasing prevalence trend, whereas changes 

in Ireland were inconclusive (338).  

 

Prevalence and trends in Ireland 

An overview of studies and surveys conducted among children and adolescents in 

Ireland is provided in Table 9. While no national longitudinal collection of 

anthropometric data took place in Ireland until 2007, a number of nationally 

representative surveys with large sample sizes reported weight and height across 

past decades, many of which were subject to aggregate analysis in reviews 

previously. 
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In 1948, shortly after the Second World War had ended and when Europeans were 

commonly suffering from malnutrition, the National Nutrition Survey reported data 

for nearly 15,000 children between four and 14 years. Furthermore, during the 

1970s, approximately 3,500 children of the same age span were additionally 

measured. In 2002, 17,500 children and adolescents took part in the North South 

Survey of Children’s Oral Health (36), height and weight data of which were also 

included in the Global Burden of Disease study (Appendix 5).  

A comparison of the trends visible within these data found that height, weight and 

BMI had overall increased in boys and girls of all ages from four to 14 years (36). 

This is an expectable trend considering that post-war Ireland had experienced high 

economic gains, in particular during the era of the Celtic Tiger in the 1990s until 

mid-2000s. While the country as a whole prospered, an increase in height among 

children most likely reflects better nutrition and healthcare, better housing 

conditions and lower levels of pollution, compared to 1948. Similar trends were 

seen in other countries that experienced a comparably positive economic 

development (36). 

However, particularly after the 1970s, weight increased more rapidly than it had 

before, and it was increasing relatively more than height. Consequently, as BMI is 

a ratio of weight and height, mean BMI increased from 17 kg/m² in 1948 to 21 

kg/m² in 2002 in boys and from 18 kg/m² to 22 kg/m² in girls, which corresponds to 

findings of international studies around that time (36). The two smaller Irish 

National Nutrition Survey (n=148) and National Children’s Food Survey (n=596) 

furthermore indicated that increases in mean BMI between 1990 and 2003/2004 

were more drastic than those before 1990 (36, 37).  

More studies were conducted in Ireland after the millennium (Table 9) and Keane 

et al. (38) summarised and evaluated the data available for four- to 13-year-old 

children between the years 2002 and 2012 in a systematic review. Combining the 

studies included in the systematic review, no time trends were found in the 

prevalence of overweight. However, acknowledging the variety and limitations of 

studies, the authors conclude that there may have been a decrease in the 

prevalence of obesity from 7% to 4%, comparing nationally representative studies 

that were undertaken prior 2008 to those conducted in or after 2008 (38).  
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Table 9: Studies and surveys that collected weight and length/height data from children and adolescents in Ireland 

Data 

collection 

Data source Represen-

tation 

Age 

range 

N Design 

1948 National Nutrition Survey (36) National 4-14 14,835 Cross-sectional 

1970s Measurements for an Irish growth reference (36) National 4-14 3,509 Cross-sectional 

1990 Irish National Nutrition Survey (37) National 8-12 148 Cross-sectional 

1998 HBSC (339) National 13, 15 826 Cross-sectional 

2001-2002 North/South Survey of Children's Oral Health (36, 340, 341) National 4-16 17,518 Cross-sectional 

2001-2002 McMaster et al. (38, 342) Regional 4.2-7.9 328 Retrospective cohort 

2003 Switch Off-Get Active intervention (38, 343) Regional 9-11 312 Baseline data from 

an intervention study 

2003-2004 National Children Food Survey (37, 344) National 5-12 596 Cross-sectional 

2004-2006 Health Service Executive West surveillance (345) Regional 6 N.A. Cross-sectional 

2005-2006 National Teens Food Survey (344) National 13-17 440 Cross-sectional 

2004-2007 Senior infants school health check (38, 346) Regional 6-6.9 3,482 Cross-sectional 

2007 Barron et al., 2009 (38, 347) Regional 6-9 301 Cross-sectional 

2007 ROLO study (345, 348) Regional 5 570 Observations from 

an intervention study 

2007-2008 GUI child cohort (38, 349) 

 

National 9-9.9 8,136 Baseline data from a 

prospective cohort 
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Data 

collection 

Data source Represen-

tation 

Age 

range 

N Design 

2007-2008 Lifeways Cross-Generational Cohort Study (38, 350) Regional 5-7 529 Cross-sectional 

analysis from a 

prospective cohort 

2008 COSI Round 1 (38, 344) National 7-7.9 2,420 Baseline data from a 

prospective cohort 

2008 Study on pedometer step count (38, 351) Regional 6-9 301 Cross-sectional 

2008-2009 Fitzgerald, 2010 (38) Regional 9-12 204 Cross-sectional 

2009 Observations from the Health Service Executive Meath (38) Regional 11-13 1,468 Cross-sectional 

2009 Healthy Schools Programme (38, 97) Regional 4-12 537 Baseline data from a 

prospective cohort 

2010 Bizzy Break intervention study (344, 352) Community 7-12 90 Baseline data from 

an intervention study 

2010 COSI Round 2 (38, 344) National 6-9 1,022 Baseline data from a 

prospective cohort 

2010-2011 National Preschool Nutrition Survey (98) National 2-4 371 Cross-sectional 

2007-2012 GUI child cohort (353) National 9-13 8570 Longitudinal 

analysis of a 

prospective cohort 
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Data 

collection 

Data source Represen-

tation 

Age 

range 

N Design 

2008-2013 GUI infant cohort (2, 3, 238) National 0.7-5 11,134 Cross-sectional 

analysis of a 

prospective cohort 

2012-2013 COSI Round 3 (38, 344) National 7-7.7 1,087 Baseline data from a 

prospective cohort 

2012-2013 Cork Children’s Lifestyle Study (38, 354) Regional 8-11 1,068 Cross-sectional 

2015 Active Classroom Study (344, 355) Community 8-11 244 Baseline data from 

an intervention study 

2008-2015 COSI Rounds 1-4 (41, 356) National 6-13 9,911 Cross-sectional and 

longitudinal analysis 

of four cohorts 

2013-2016 Project Spraoi (344, 357) Community 5-11 903 Baseline data of an 

intervention study 

2017-2018 National Children's Food Survey II (358) National 5-12 N.A. Cross-sectional 

2008-2018 Cork BASELINE Birth Cohort Study (40, 359) Regional 0-5 2,137 Prospective cohort 

N = Number 

N.A. = Not available because the number of observations was not published at the time of writing  

HBSC = Health Behaviour in School-aged Children 

COSI = Childhood Obesity Surveillance Initiative 

GUI = Growing Up in Ireland study 
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Based on the various studies, estimates of childhood OWOB prevalence in Ireland 

since 1990 are presented in Table 10. Prevalence is only reported using the IOTF 

growth reference as this was available in many studies, and aggregate findings are 

reported where available. As can be seen, prevalence of overweight and of obesity 

increased until shortly after the millennium, whereas it appeared to remain more 

constant thereafter. The possibility that the prevalence of childhood OWOB 

combined may have decreased in Ireland in the last decade, as suggested by 

Keane et al. (38), is further indicated by Irish longitudinal data from the COSI in 

children aged six to eleven years (41, 345) (Table 10).  

Table 10: Prevalence of overweight and obesity in Irish children since 1990 

Year(s) Age(s) Overweight Obesity Source 

1990 8-12 years 10% 2% Irish National Nutrition Survey (37) 

2003-2004 8-12 years 15% 7% National Children’s Food Survey 

(37) 

2002-2012 4-13 years 17-21% 7-9% Keane et al.* (38) 

2015 6-7 12% 5% COSI Round 4 (356) 

2015 8-9 16% 4% COSI Round 4 (356) 

2015 10-11 16% 4% COSI Round 4 (356) 

* Systematic review of studies between 2002 and 2012. Only those studies were included that the 

authors evaluated to have a high quality. 

COSI = Childhood Obesity Surveillance Initiative 

Notably, while the ages of four and five years were sometimes included in national 

or sub-national studies in Ireland, the ages from birth until four years have only 

been studied based on a small sample (n=371) from a cross-sectional survey 

conducted in 2011 to 2012 (98), in the sub-sample of a regional prospective cohort 

study (n=1,189) from 2008 to 2013 (40) and in the infant cohort of the GUI study 

(n=11,134) that was conducted in 2008 to 2013 (Table 9). The findings from the 

National Preschool Nutrition Survey are summarised in Figures 9 and 10. Notably, 

applying the UK/WHO growth criteria, the prevalence of both overweight and of 

obesity was higher than in Figures 9 and 10 at all ages. Thus, while prevalence 

levels appeared lower at four years compared to two and three years, irrespective 
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of the definition used, almost one in three of the two- and three-year olds had 

OWOB according to the UK90/WHO classification and less than one in four if the 

IOTF classification was used (98). 

 

 

 

Longitudinal findings from the GUI infant cohort confirm the prevalence observed in 

the National Preschool Nutrition Survey at the age of three years based on the 

IOTF growth reference and indicate a decrease in overweight, but no change in 

obesity thereafter (3) (Figure 12). However, another study using the GUI infant 

cohort data indicates that the prevalence from the age of nine months to three 

years may be higher, applying clinical cut-off criteria from the WHO growth 

standard, as pictured in Figure 11 (2). As can be seen in Figures 11 and 12, the 

obesity estimates in particular vary significantly in the three-year-old children from 

GUI, depending on the definition in use. No more details of the underlying 

methodology were available and no other in-depth analysis, such as research 

published in peer-reviewed journals, was available at the time of writing, to 

investigate these nationally representative data based on all three measurements 

over time.  
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Figure 9: Overweight and obesity 

prevalence in the National Preschool 

Nutrition Survey.  

Prevalence estimated using the International 

Obesity Task Force growth reference 

Figure 10: Obesity prevalence in the 

National Preschool Nutrition Survey.  

Prevalence estimated using the International 

Obesity Task Force growth reference 
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Findings from the Cork BASELINE study published to date only include two-year-

old children and prevalence levels are not nationally representative (40, 359). As 

little is known about the OWOB prevalence in young children in Ireland, this is an 

important research gap, especially given that data were collected as part of the 

GUI study that could fill this gap. 

In summary, while the trend in OWOB among older children has been extensively 

studied in Ireland, little data exist in children from their birth until the age of five 

years. The fact that many children carry excess weight around the age of six years 

implies that elevated weight gains must have taken place in these children in their 

younger ages. In fact, children in the youngest age group may have a higher 

prevalence of OWOB than older children (5), which is supported by the limited 

evidence available for young children in Ireland. Given that an increase in OWOB 

in this age group in Ireland was projected until 2030 (7), the current prevalence of 

OWOB needs to be studied and trends monitored carefully.  

Figure 11: Published overweight and 

obesity prevalence in the Growing Up in 

Ireland infant cohort at nine months and 

three years of age.  

Prevalence estimated using the World 

Health Organization growth standard clinical 

criteria (2)  

Figure 12: Published overweight and 

obesity prevalence in the Growing Up in 

Ireland infant cohort at three and five 

years of age.  

Prevalence estimated using the International 

Obesity Task Force growth reference (3) 
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4.2 Chapter aims and hypothesis 

Following on from the previous section, the identified challenge in childhood 

obesity research and accordingly the aim of this chapter are two-fold;  

ü First, it needs to be considered how best to measure prevalence of OWOB 

in the youngest age group below six years, in order to enable comparisons 

between countries and within Ireland over time 

ü Secondly, in order to monitor childhood obesity as a critical population 

health determinant in Ireland, the prevalence of OWOB in this understudied 

age group needs to be measured and compared over time  

Therefore, this chapter critically analyses various child growth criteria to define 

childhood obesity in the age group of up to five years based on BMI. The origin of 

these criteria is presented and their current use in research is discussed. This 

includes advantages and disadvantages related to the use of individual criteria, as 

well as differences in OWOB estimates that were observed between the various 

criteria in earlier studies.  

Based on this research, a subset of suitable growth criteria was defined that 

appear applicable to young children in the Irish population and that have the 

potential to improve the comparability between national and cross-national studies. 

Prevalence of OWOB in young children in Ireland was assessed based on this 

subset of criteria and differences in OWOB estimates between these criteria 

investigated, based on population-representative data from the GUI infant cohort, 

which was described in Chapter 3. Prevalence of girls and boys at the ages of nine 

months, three years and five years was compared between the different criteria, 

and recommendations on future use of child growth criteria in this age group were 

derived from the combined findings in the literature and in the GUI data.    
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4.3 Methods  

4.3.1 Literature search 

The literature was searched for use of child growth criteria (based on BMI or other 

means of measuring child weight status). Classification systems for BMI that are 

applicable to young children specifically were extensively reviewed. Details of the 

literature review were outlined in Chapter 2 (Section 2.2.3).  

 

4.3.2 Statistical analysis 

To investigate the prevalence of overweight and of obesity in young children in 

Ireland (Hypothesis 1), the GUI infant cohort data from all waves were used. 

Initially, descriptive analysis of weight, length/height and BMI was conducted, as 

described in detail in Chapter 3 (Section 3.3.2). 

Furthermore, based on the literature search, child growth criteria were selected 

and BMI in the GUI infant cohort was grouped into sex-and age-specific weight 

categories. Crude prevalence of under- and normal weight (combined), risk of 

overweight, overweight, and obesity in the GUI infant population were identified by 

investigating proportions of these weight categories among children at each age 

(i.e. at nine months, three years and five years, separately). Differences in 

proportions were assessed between various criteria at three and five years of age, 

overall and for boys and girls. Also, changes in each weight category and criterion 

over time were investigated. An adjustment for multiple comparisons was used 

(Bonferroni correction) in order to lower the risk of type I errors. The differences in 

proportions, 95% confidence intervals (CI) and test statistics are reported. P-values 

< 0.05 were deemed significant.  
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4.4 Results 

In the following paragraphs, assessment of weight status in children based on the 

use of BMI is investigated. Different child growth criteria that classify BMI are 

explored, their advantages and disadvantages presented and the best child growth 

criterion for population monitoring of children up to five years of age selected.  

 

4.4.1 Definition of overweight and obesity based on various child 

growth criteria 

Individual child growth criteria are discussed below and details can additionally be 

seen in Table 11 (pp.169-173).  

 

International Obesity Task Force growth reference 

The growth reference published by the IOTF is based on nearly 193,000 children, 

adolescents and young adults aged zero to 25 years and surveyed in Brazil, the 

Netherlands, Hong Kong, Great Britain, Singapore and the US. Unlike most growth 

references, the IOTF provides cut-off values for the ages and sexes based on what 

translates to adult BMIs of 16, 17, 18.5, 25 and 30 kg/m2 (322). The IOTF growth 

reference was developed mainly because existing child growth criteria at the time 

were limited to national data and criticised for their arbitrary cut-off values (283). In 

2012, the IOTF growth reference was extended to combine growth criteria used for 

thinness and OWOB (360) and it is now internationally acknowledged and used 

throughout research (322). However, it should be noted that the weight status of 

children below the age of two years cannot be assessed based on these reference 

values, which is the main criticism related to this growth reference (322). 

 



167 

World Health Organization child growth standard  

In 2006, the WHO published a child growth standard applicable to children aged 

zero to five years that is based on nearly 27,000 measurements of children from 

Brazil, Ghana, India, Norway, Oman and the US (322). Longitudinal and cross-

sectional data were taken from the Multicentre Growth Reference Study and 

collected between 1997 and 2003. Cut-off values are based on SD from the mean 

height, weight or BMI per age and sex. Children are classified as at risk of 

overweight if their BMI exceeds 1SD, as overweight is their BMI is > 2SD and 

obese if their BMI is >3SD. Furthermore, a specific growth line of the WHO child 

growth standard is available for preterm infants (born before 32 weeks of gestation) 

(361). In clinical practice, the 85th and 95th percentile are displayed on growth 

charts and used to define overweight and obesity, respectively (361). It should be 

noted that this growth standard is not used to display average growth in a 

population, but the optimal healthy growth in children, which is the main difference 

to the growth references described in this chapter. That means that only children 

were included in the development of this standard whose mothers were of good 

health and followed healthy behaviours during the pregnancy, and pursued healthy 

feeding practices in the children’s first year of life (361, 362).  

 

World Health Organization 2007 growth reference 

The WHO 2007 growth reference combines the child growth standard of children 

aged 18 months and older with data from the US National Centre for Health 

Statistics (NCHS) 1977. The latter include data collected in the 1960s and 1970s in 

the US among one- to 24-year-old children, adolescents and adults of European 

ancestry (322). The NCHS data had previously been used in the NCHS/WHO 

international growth reference that was published in 1991 and only provided BMI 

references for children aged nine years and older (114).The 2007 growth reference 

is used for children from five to 19 years and defines weight categories based on 

SD. Children > 1SD above the mean are considered overweight and >2SD obese. 

Additionally, percentile curves display the 85th centile to define overweight and the 

95th centile to define obesity in the clinical assessment of BMI (114, 322). 
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2000 Centers for Disease Control growth charts 

The 2000 CDC growth charts are a growth reference based on data from the US, 

and are accordingly mainly applied to two- to 20-year-old children and adolescents 

within the US (322). Data were taken from five National Health Examination and 

National Health and Nutrition Examination Surveys, in addition to a limited number 

of birth records that provided information on the weight, length and head 

circumference of children born between 1963 and 1995. Cut-off values are based 

on centiles, where overweight is defined above the 85th centile and BMIs above the 

95th centile are considered obese. Sometimes the 90th and 97th centile are 

additionally used in clinical assessments (322). Until the age of two years, the CDC 

recognises the WHO growth standard as preferable reference (362). 

 

UK90 growth charts 

The UK90 growth charts are suggested for assessing child and adolescent weight 

status in the UK in a clinically meaningful way (322). This growth reference is 

based on weight and length/height measurements collected from eleven surveys in 

the UK between 1978 and 1990 and replaces the Tanner-Whitehouse standards 

developed in the 1960s (363). From the age of two weeks until four years, the 

revised UK90/WHO growth charts have been adopted which combine data from 

the pre-term children in the UK90 growth charts with those from term children that 

were used to construct the WHO growth standard. These provide separate charts 

for preterm children born before the 32nd gestational week and those born later (80, 

361). On the various UK90 and UK90/WHO growth charts, the 91st and 98th 

centiles are used to identify overweight and obesity, respectively, in clinical 

practice. For population monitoring, overweight is defined at the 85th centile and 

obesity at the 95th centile (322).  
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Table 11: Overview of studies used in developing child growth criteria applicable to overweight and obesity (OWOB) research 

Child 
growth 
criteria 

Age 
range 
co-
vered 

Population the criteria were 
developed from 

Sample size 
included in 
develop-
ment 

Type of 
data 
collection 

Date of 
data 
collec-
tion 

Sex- and age-
specific cut-off 
points 

Coun-
tries of 
use 

Notes 

Inter-national 
Obesity Task 
Force growth 
reference 
(283, 322, 
360) 

2-18 
years 

Children, adolescents and young 
adults aged 0 to 25 years were 
sampled from nationally 
representative surveys in Brazil 
(Second national anthropometric 
survey, 1989), the Netherlands 
(Third nationwide growth survey, 
1980), Hong Kong (National 
growth survey, 1993), Great Britain 
(Data pooled from five national 
growth surveys, 1978-1993), 
Singapore (School health service 
survey, 1993) and the United 
States (Data pooled from four 
national surveys, 1963-1980). Data 
from Singapore are included for 
ages 6-18 only. The l amb d a, mu , 
s igma  method was used to 
construct smoothed growth curves. 
Sex-specific centile curves passing 
through a BMI of 16, 17, 18.5, 25 
and 30 at 18 years, respectively, 
were used to define cut-off values 
in the earlier ages 

192,727 
children, 
adolescents 
and young 
adults  

Cross-
sectional 
surveys 

1963-
1993  

Cut-off values 
for the ages and 
sexes based on 
what translates 
to adult BMIs of 
16, 17, 18.5, 25 
and 30 kg/m2  

Inter-
national  

Extended in 2012 to combine 
growth criteria used for thinness 
and OWOB  

WHO child 
growth 
standard 
(277, 322, 
364) 

0-5 
years  

0- 71-months old children from 
Brazil, Ghana, India, Norway, 
Oman and the United States taken 
from the Multicentre Growth 
Reference Study 

Longitudinal component: included 
were healthy, single birth, term 

8,406 
children 
(1,737 in the 
longitudinal 
study)/ 
27,000 
measure-
ments 

Combined 
longitudinal 
component 
(birth until 
24 months) 
and cross-
sectional 
component 

1997-
2003  

Children are 
grouped as at 
risk of 
overweight if 
BMI > 1SD, as 
overweight if 
their BMI is 
>2SD and as 

Inter-
national  

These growth standards are not 
used to display average growth 
in a population, but the optimal 
healthy growth in children of this 
population expected under ideal 
environmental conditions  
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Child 
growth 
criteria 

Age 
range 
co-
vered 

Population the criteria were 
developed from 

Sample size 
included in 
develop-
ment 

Type of 
data 
collection 

Date of 
data 
collec-
tion 

Sex- and age-
specific cut-off 
points 

Coun-
tries of 
use 

Notes 

children predominantly or 
exclusively breastfed for at least 4 
months and breastfed for at least 
12 months if they had a birth 
weight ≥2500g, or breastfed for at 
least 3 months if their birth weight 
was <2500g; complementary food 
was introduced by age 6 months; 
mothers had to be healthy and 
non-smoking pre- and post-partum. 
Children were included only if no 
other constraints to growth were 
known (e.g. socio-
economic/environmental risk 
factors)  

Cross-sectional component: similar 
criteria but only three months 
breastfeeding required  

(19,900 in 
the 
longitudinal 
study)  

(18-71 
months)  

obese if their 
BMI is >3SD. 
Other cut-offs 
based on SD 
are used to 
define 
underweight, 
stunting and 
wasting.  

The 85th and 
95th centile are 
used to display 
overweight and 
obesity on 
clinical growth 
charts  

Children with excess adiposity 
or underweight (weight for 
length/height <-3SD or >3SD in 
the longitudinal sample and <-
3SD or >2SD in the cross-
sectional sample) were excluded 
from the total sample used to 
construct the growth standard, 
because the distribution of 
children from the cross-sectional 
sample was highly skewed to 
the right 

A Box-Cox power exponential 
method with 4 parameters and 
cubic splines was used to 
construct smoothed growth 
curves  

WHO 2007 
growth 
reference 
(114, 322) 

5-19 
years  

Combines the child growth 
standard of children aged 18 
months and above with data from 
the National Centre for Health 
Statistics 1977 of 0-24-year old 
children, adolescents and young 
adults of European ancestry in the 
United States. Data from the 
National Centre for Health 
Statistics were based on the 
Health Examination Survey Cycle 
II in 6-11-year-old children and 
Cycle III in 12-17-year-old children, 
and on the Health and Nutrition 

30,907 
observa-tions  

Cross-
sectional 
data 

1997-
2003; 
1960 
and 
1970s  

Children >1SD 
from the mean 
are considered 
overweight and 
those >2SD 
from the mean 
are considered 
obese.  

The 85th and 
95th centile are 
used to display 
overweight and 
obesity on 

Inter-
national  

Box-Cox power exponential 
method with curve smoothing 
and cubic splines was used to 
develop growth curves with 
smooth transitions between the 
WHO child growth standard data 
and the National Centre for 
Health Statistics data 
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Child 
growth 
criteria 

Age 
range 
co-
vered 

Population the criteria were 
developed from 

Sample size 
included in 
develop-
ment 

Type of 
data 
collection 

Date of 
data 
collec-
tion 

Sex- and age-
specific cut-off 
points 

Coun-
tries of 
use 

Notes 

Examination Survey Cycle I (age 
0-24 years). 

clinical growth 
charts  

2000 Centers 
for Disease 
Control 
growth charts 
(322, 362, 
365). 

2-20 
years 
(0-20 
years 
avai-
lable 
but not 
in use)  

Data from 5 National Health 
Examination (NHES) and National 
Health and Nutrition Examination 
Surveys (NHANES), in addition to 
a limited number of birth records 
that provided information on the 
weight, length and head 
circumference of children born 
between 1963 and 1995. Surveys: 
NHES II (1963-1965), NHES III 
(1966-1970), NHANES I (1971-
1974), NHANES II (1976-1980) & 
NHANES III (1988-1994); birth 
records: United States Vital 
Statistics (1968-1980, 1985-1994), 
State of Wisconsin Vital Statistics 
(1989-1994), State of Missouri 
Vital Statistics (1989-1994), Fels 
Longitudinal Study (1960-1994) & 
Pediatric Nutrition Surveillance 
System (!975-1995); Children born 
with a weight <1500g (all data 
sources) and children aged ≥6 
years in the NHANES III were 
excluded. Survey data were 
statistically weighted to achieve 
population representativeness. 
Growth curves were smoothed 
using parametric and non-
parametric regression, and curves 
were transformed using la mbda , 
mu, s i gma  estimation procedures  

4,697 
observa-tions 
and children  

Cross-
sectional 
data 

1963-
1995  

Overweight is 
defined above 
the 85th centile. 
BMIs above the 
95th centile are 
considered 
obese, and 
sometimes the 
90th and 97th 
centile are 
additionally 
used in clinical 
assessments. 
Additionally, 
sex- and age-
specific means 
and SD are 
provided for use 
in research. 

Mainly 
United 
States  

Until the age of 2 years, the 
Centers for Disease Control 
recognise the WHO growth 
standards as preferable 
reference, using the 2SD to 
define  

Cut-off points below the 3rd and 
above the 97th percentile should 
be interpreted with caution as 
the methodology used is 
understood to offer limited 
precision outside this range  

Due to the representation of 
various racial and ethnic groups 
in the population of the United 
States, the criteria can be 
applied to ethnically diverse 
groups of children  
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Child 
growth 
criteria 

Age 
range 
co-
vered 

Population the criteria were 
developed from 

Sample size 
included in 
develop-
ment 

Type of 
data 
collection 

Date of 
data 
collec-
tion 

Sex- and age-
specific cut-off 
points 

Coun-
tries of 
use 

Notes 

UK90 growth 
charts  (80, 
322, 363, 
366) 

0-23 
years  

Weight measurements collected 
from 11 surveys in the United 
Kingdom: the Human 
Measurements Anthropometry and 
Growth Research Group’s 
children’s growth studies (4 studies 
in 1978-1987) and adult body 
dimensions studies (2 studies in 
1984-1987), the Tayside Growth 
Study (1989-1990), the National 
Study of Health and Growth (1989-
1990), the Department of Health 
survey of the statures and weights 
of British adults (late 1980s), the 
Cambridge Infant Growth Study 
(1984-1988), and the Whittington 
birth data study (1987-1988). Data 
were weighted based on 
geographic region and age. The 
lam bda,  mu , s ig ma  method, using 
a Box-Cox power transformation to 
normalise the data, and penalised 
likelihood were used to fit growth 
curves to the data 

 30,535 
children, 
adolescents 
and young 
adults from 
birth 
(earliest: 33rd 
week of 
gestation) 
until the age 
of 23 years  

Cross-
sectional 
survey data  

1978-
1990  

Overweight is 
defined at the 
85th centile for 
population 
monitoring, 
whereas only 
children 
crossing the 91st 
centile are 
treated as 
overweight in 
clinical practice. 
Obesity is 
accordingly 
defined at and 
above the 95th 
centile for 
population 
monitoring and 
the 98th centile 
for clinical 
assessment. 

United 
King-dom 
and 
Ireland  

used 
after the 
age of 4 
years in 
Ireland 
until new 
child 
growth 
criteria 
have 
been 
implem-
ented 
there  

Data from pre-term children are 
included and were used to 
develop separate growth charts 
for children born before the 32nd 
week which can be used until 
the age of 2 years  

Suggested for assessing child 
and adolescent weight status 
after the age of four years in the 
United Kingdom in a clinically 
meaningful way 

UK90/WHO 
growth charts 
(80, 322, 
361, 367) 

2 
weeks - 
4 years  

Combination of data from pre-term 
children included in the UK90 
growth charts, and term children 
included in the WHO growth 
standard  

 Cross-
sectional 
and 
longitudinal 
data  

1978-
2003  

The 85th centile 
is used to define 
overweight for 
population 
monitoring, 
while the 91st 
centile is used in 
the clinical 
assessment of 
overweight. The 

United 
King-dom 
and 
Ireland  

The 
growth 
charts for 
pre-term 
and term 

Separate growth charts are 
available for children born 
before the 32nd gestational week 
which can be used until 2 years 
of age, and for children who 
were born on time or no earlier 
than the 32nd gestational week  
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Child 
growth 
criteria 

Age 
range 
co-
vered 

Population the criteria were 
developed from 

Sample size 
included in 
develop-
ment 

Type of 
data 
collection 

Date of 
data 
collec-
tion 

Sex- and age-
specific cut-off 
points 

Coun-
tries of 
use 

Notes 

95th and 98th 
centile are used 
for obesity, 
respectively. 

babies 
are 
recom-
mended 
for use in 
Ireland  

 

The birth weight standard of the 
WHO is not adopted. 

Growth charts only start being 
used 2 weeks after gestation as 
within the 2 weeks after birth, 
weight as a proportion of birth 
weight offers better assessment 
of nutritional status  

Growth charts display the 
optimal healthy growth in 
children that is expected under 
ideal environmental conditions 
and following feeding guidelines, 
as it is based on the WHO 
growth standard  

The charts are considered to be 
applicable to various ethnic 
groups as the data in the WHO 
growth standard were collected 
from an international sample  

WHO = World Health Organization 

SD = standard deviation
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4.4.2 Critical analysis 

The child growth criteria presented in the previous section differ significantly from 

each other, hence it is essential to report which criteria were used in studies to 

make childhood obesity research comparable. The following paragraphs focus 

more on the frequency and specifics of use of these criteria, and shed light on the 

known advantages and disadvantages with regards to the use of each of these 

criteria.  

 

Child growth criteria across countries 

Use in research 

The predominance of the major growth criteria in scientific publications was 

assessed. No consistent recommendations across journals appeared to exist. One 

journal that focuses solely on childhood obesity (Pediatric Obesity) asks authors 

submitting their research to the journal to provide estimates of weight status both 

using the WHO growth standard or WHO growth reference, and the IOTF growth 

reference (368). This approach has also been suggested by the European 

Childhood Obesity Group (369). To the best of the author’s knowledge, other 

journals in the area of childhood obesity do not request use of fixed criteria, and 

accordingly, studies published in those journals use a mix of child growth criteria.  

In addition, a number of surveillance studies were looked at to examine which child 

growth criteria were used. The COSI that investigates obesity in European school 

children and includes 7,903 children from Ireland (first class students in Rounds 1-

4) (41) quantifies obesity numbers using both WHO and IOTF growth references 

(338), in line with requirements set by Pediatric Obesity. Another surveillance 

study, the Hea lth  B e h aviou r in  S cho o l - a ge d  Ch ild ren  study, surveys 11-, 13- and 

15-year-old children and adolescents in more than 30 countries in Europe and 

North America every four years since 2002. Obesity levels based on this study are 

only published based on the IOTF growth reference (370). Similarly, prevalence of 

OWOB in official GUI publications is only based on IOTF criterion (3). Of the two 

global surveillance studies that were described earlier in this chapter (Section 
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4.1.2), one studied OWOB in children and adolescents from the age of five to 19 

years using the WHO growth reference (12) and the other covering the ages of two 

to 19 years using the IOTF growth reference (15). Overall, use of the WHO child 

growth standard is advised in children below the age of five years, while the IOTF 

growth reference and the CDC growth charts are frequently used in older children 

(302, 322).  

Growth reference vs. growth standard 

The child growth criteria presented in Table 11 differ in various ways based on 

how, when and where the underlying datasets were collected and one important 

distinction between the criteria is their use as a growth reference or a growth 

standard. While growth references display the actual growth measured in a 

population, growth standards present the distribution of sex- and age-specific BMI 

in a population growing up under optimal environmental condition. Among the 

identified major child growth criteria, only the WHO criterion applicable to children 

from birth to five years was designed for use as a growth standard. A major 

advantage of the WHO growth standard is that the underlying data were collected 

from healthy children only, defined by their health status as well as gestational 

behaviours of the mother and early feeding practices (277). Therefore, BMI has 

been measured in children under standardised, ideal conditions in their early lives, 

which makes the WHO growth standard a useful guideline for determining the 

range of healthy BMI among infants and young children.  

In fact, both the WHO growth standard and growth reference have been shown to 

identify children at risk of weight-related ill-health. In one study, a set of 

cardiometabolic risk factors was investigated in relation to OWOB estimates based 

on the WHO growth criteria (using the growth reference classification), the IOTF 

growth reference and the criteria of the Italian Society for Pediatric Endocrinology 

and Diabetology. The sex- and age-specific estimates of overweight and of obesity 

based on the IOTF and Italian criterion approximated each other and the specificity 

of IOTF criteria in identifying high cardiometabolic risk was found to be higher than 

that of the WHO criteria. However, a higher sensitivity was found in the WHO 

reference values, which led the authors to conclude that the WHO criteria 

appeared more useful in the clinical setting and for use in epidemiological studies 

(336). Furthermore, in a population of two- to 19-year-old children and adolescents 
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with cardiometabolic diseases or disease markers, more children were identified as 

obese using the WHO criteria than when the CDC growth charts were used. 

Considering the association between cardiometabolic ill-health and OWOB, the 

identification of children with an increased risk based on their weight status is 

crucial, which is why the WHO criteria were also favoured in this study (371). 

Furthermore, in a study of six- to 13-year-old children in Brazil, the Brazilian child 

growth reference and the CDC growth charts proved to identify more children with 

high blood pressure as overweight or obese than when the IOTF growth reference 

was used (63). Overall, the availability of studies relating various child growth 

criteria to disease or disease risk was low. Therefore, studies were looked at that 

compared various criteria, either for clinical purposes or to monitor population 

trends, without investigating their ability to identify other health parameters.  

Difference in prevalence 

In 2011, a study compared the WHO growth standard to national growth 

references used in Belgium, France, the Netherlands, and the UK and to the CDC 

growth charts (164). Growth curves particularly in infants diverged between the 

WHO growth standard and national references used by paediatricians in the 

mentioned countries. In all countries, mean weight of the children included was 

below that of the WHO growth standard until the age of three months, but 

exceeded the WHO growth standard from six to 18 months. Furthermore, in 

France, mean BMI of the French growth reference was similarly lower than that of 

the WHO growth reference, exceeded the WHO growth standard values at six 

months and was still higher by the age of five years (164). Consequently, more 

children tend to be identified as overweight or obese using the WHO growth 

standard than when these national references are used. Previous studies suggest 

that higher OWOB levels may have been identified by the WHO growth standard 

because of the removal of outliers, often referred to as ‘trimming’, that was part of 

its methodological construction (337, 372). In fact, if similar trimming procedures 

were applied to the CDC growth charts data, prevalence of BMI above the 95th 

percentile were comparable in two- to five-year-old children using either the WHO 

growth standard or the CDC growth charts (372). However, for developing the 

WHO growth standard, outliers were only removed in the cross-sectional dataset, 

but not in the longitudinal component of the data available in infants from birth until 
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the age of two years. As large differences between the WHO growth standard and 

other criteria were also seen below the age of two years, a real difference appears 

to exist between the criteria beyond this methodological explanation (337).  

In fact, what may explain part of the differences between various criteria may be 

related to infant feeding practices. National growth curves in Belgium resembled 

the WHO standards much more if only data from infants were studied who had 

been fed based on healthy feeding guidelines, than when all children were included 

that contributed to the construction of the Belgian growth curves (164). Similarly, a 

smaller Canadian study compared the growth curves of 73 infants until their age of 

18 months against CDC growth charts and the WHO growth standard. The authors 

identified the WHO growth standard as superior because only the WHO growth 

curves resembled the weight-for-height development of those infants that had 

followed early feeding recommendations existing in Canada (165).  

A number of studies assessed various child growth criteria with the aim of 

introducing early intervention to children with OWOB. In this regard, a study based 

on nearly 144,000 two- to five-year-old children concluded that the WHO growth 

standard was preferential to the CDC growth charts. In that study, the WHO growth 

standard identified children’s obesity status earlier than obesity was identified using 

the CDC growth charts, therefore allowing for earlier intervention in children with 

weight problems. Furthermore, the study showed that obese children were 

identified early irrespective of whether the 95th percentile displayed on WHO 

growth charts or the threshold of 2 SD of this growth standard were used to define 

obesity (337).  

In turn, the CDC growth charts were evaluated as superior to the IOTF growth 

reference in young children in a Canadian and a smaller Italian study (n=258) 

because more children were identified as obese using the CDC growth charts (373, 

374), a trend that appears to continue as children grow older (375, 376). The same 

was seen in a Spanish study that compared growth curves in children from two to 

24 years of age (n=3,534) (376). These studies concluded that particularly in young 

children, use of the CDC criterion would be preferential because any indication of 

weight problems needed to be acknowledged in clinical settings in order to 

intervene early (373, 374, 376). This was illustrated by an example from France. In 
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a comparison of the French growth reference and the WHO growth standard, 

physicians came to very different conclusions about how infants were growing and 

how they should accordingly intervene. A third of the exclusively breastfed children 

in this study were growing normally according to the WHO growth standard, but 

had gained too much weight according to the French growth reference from birth to 

their age of two months. In conclusion, the physicians involved in this study 

recommended restrictive feeding for the children based on the French growth 

reference, whereas they did not recommend this if the same children were 

assessed using the WHO growth standard (164). This may have important 

implications for children’s later energy intake as they are supposed to learn how to 

interpret and respond to signals of satiety and hunger through breastfeeding (172).  

Additionally, Edwards et al. (373) raised the concern that an underestimation of the 

obesity prevalence in surveillance studies may lead to insufficient resources being 

dedicated to obesity prevention. For this reason, in Europe, where countries are 

affected more by the consequences of OWOB than undernutrition (5, 12), the risk 

of an underestimation of underweight prevalence using the WHO growth standard 

(377) may be less critical on population level than the possible underestimation of 

OWOB levels using alternative child growth criteria. However, it should also be 

noted that it is not clear whether use of the WHO growth standard even leads to an 

underestimation of underweight in young children (378).  

 

Timing of data collection underlying the child growth criteria 

In addition to the health characteristics and feeding practices of children in the 

reference population underlying a child growth criterion, potential reason for 

differences between OWOB estimates based on various criteria may also be the 

time when data were collected. The French growth reference is based on data from 

children born in the 1950s, shortly after World War II, which may not adequately 

reflect child growth in the 21st century. While the birth weight and length of 77,000 

infants born after 2003 were similar to those in the French growth reference, weight 

and length after birth and until the age of two years was significantly higher than 

those set out in the reference (379). In fact, data from children born in France in 

the early 1990s deviated less from the WHO growth standard values than the data 
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that had been collected to generate the French growth reference (164). Differences 

in OWOB estimates across child growth criteria were also related to the different 

timing of data collection underlying the criteria in a Swedish study (380). The 

authors of the Swedish study pointed to the fact that the increase in childhood 

obesity in the 1970s and 1980s was considerably rapid, which means that data 

collected with only a few years’ difference could have resulted in very different child 

growth criteria (380). For this reason, a set of more recent data was excluded from 

the pool of studies that were used to construct the CDC growth charts (363). 

Additionally, the WHO Multicentre Growth Reference Study Group (277) found 

discrepancies between growth data collected from 1929 to 1975 for the 

NCHS/WHO child growth reference, and data collected in the 1990s that formed 

the basis for the WHO child growth standard. Beyond the differences between 

breastfed and non-breastfed children, the study group also related these 

discrepancies to differences in the nutritional components of infant formula that 

were marketed to families over time (277).  

Differences in the time of data collection are also observed when the main child 

growth criteria presented in this study are compared. The data underlying the CDC 

growth charts and the IOTF growth reference both were collected between 1963 

and the mid-1990s. The data used to construct the UK90 growth charts were 

collected from 1978 until 1990 and hence overlap with the second half of the CDC 

and IOTF data collection. The WHO growth standard is based on data from 1997-

2003 and the WHO growth reference is based on a combination from these same 

data and earlier studies (1960s to 1970s). Therefore, the WHO growth standard 

and growth reference are based on most recent data, with a much longer period of 

data collection underlying the WHO growth reference. In contrast, most recent data 

underlying the CDC and IOTF criteria are seven and ten years older, and the 

earliest data points integrated into their construction are almost 35 years older than 

the earliest in the WHO growth standard. On the contrary, that means that the 

CDC, UK90 and IOTF growth criteria have been extensively used in prior research 

(302), whereas fewer studies have reported OWOB according to the current WHO 

criteria which were only published in 2006 and 2007. 
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Other advantages and disadvantages of various child growth criteria 

A number of other arguments support use of the various child growth criteria which 

are related to the nature of how the criteria were constructed. A major advantage of 

the IOTF growth reference is the number of observations included in the study. 

Data from nearly 200,000 children were included (283), which is much higher than 

in any of the other child growth criteria reviewed.  

Additionally, both the IOTF growth reference and the two WHO criteria are based 

on samples from various countries, making them particularly useful for international 

comparisons. Prior research confirmed that the WHO growth standard is applicable 

across ethnic groups other than those included in the study design (361), including 

children from Chile, Thailand and Kenya (381). Due to the representation of 

various racial and ethnic groups in the US, however, the CDC growth charts were 

also recommended for use in ethnically diverse groups of children (365).  

Another major advantage of the WHO growth standard over other child growth 

criteria is the longitudinal component of the data underlying the growth standard 

(380). Along with the strict inclusion criteria that were subject to the development of 

the WHO growth standard, also its longitudinal nature has led other countries to 

adopt the WHO growth standard in parts. Until the age of two years, the CDC 

recognises the WHO growth standard as preferable to the CDC growth charts 

(362), and also the UK90 growth charts adopted the WHO growth standard for use 

in all term children from the age of two weeks until four years (361). 

Lastly, an advantage of the UK90/WHO charts is their availability of separate 

growth charts used in preterm children until their age of two years (80).  

For the mentioned reasons, use of the WHO growth standard as the sole reference 

or in addition to national growth criteria may be a better reference to monitor the 

growth of young children on population level (but with a high clinical relevance) 

than sole use of national reference data. However, the strengths of the various 

other criteria should not be ignored and, where feasible, a combination of criteria 

should be considered in order to provide comprehensive and comparable 

estimates of OWOB.  
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Choice of child growth criteria for application in the GUI cohort 

In summary, based on the reviewed literature, the international child growth criteria 

published by the IOTF and WHO appear to be suitable tools to classify children’s 

BMI within and across countries. On a population level, BMI has been shown to 

identify children at risk of later obesity and weight-related ill-health in a meaningful 

way. Therefore, use of IOTF and WHO criteria should be promoted also in national 

cohort studies. For application in this cohort study, the WHO growth criteria appear 

more useful than the IOTF growth reference, simply because the latter only applies 

to children aged two years and older, whereas the GUI study measured BMI as 

early as at the age of nine months. Additionally, the critical analysis of child growth 

criteria revealed a slight preference for the WHO criteria over use of the IOTF 

growth reference. Nevertheless, it needs to be acknowledged that a considerable 

proportion of findings on OWOB levels in two- to five-year-old children, both in the 

past as well as in recent studies, are based on the IOTF criterion. Thus, to enable 

comparisons with those studies, application of the IOTF growth reference at the 

ages of three and five years, in addition to WHO criteria, is also recommendable 

for this study.  

In addition, the UK90+WHO criterion has been adopted in clinical practice in 

Ireland to assess individual child BMI against growth curves (80). While a number 

of studies used the UK90 or UK90+WHO references to assess BMI prevalence on 

population level, this does not appear to offer a huge advantage to the GUI infant 

cohort data for a number of reasons. First, the UK90+WHO references use the 

exact same sex- and age-specific reference values from birth until the age of four 

years as the WHO growth standards. Therefore, differences between the 

UK90+WHO and WHO child growth criteria would only be possibly seen when the 

children in the GUI infant cohort are five years old. Secondly, use of UK90+WHO 

growth criteria is most popular in the UK and Ireland, which means that findings 

based on these criteria would not be comparable against surveillance data from 

most other countries. As it is a primary aim of this study and of current health 

reports to make surveillance data, particularly among young children, more 

comparable across countries (79), use of the UK90+WHO criteria does not appear 

to provide an added benefit beyond an assessment of population estimates at 

national level. Thirdly, new Irish growth charts are underway to replace the 
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UK90+WHO growth charts currently in use in Ireland. Growth charts applicable to 

children aged four years and older, based on a combination of the UK90+WHO 

criteria and Irish reference data collected in the 1980s, were planned for 

implementation in 2017 (80). At the time of writing, the new growth charts have not 

been implemented. Nonetheless, estimates of OWOB based on the UK90+WHO 

child growth criteria would likely be outdated in the near future, which is why 

population level data in Ireland, including this study, should better be monitored 

using international criteria. 

Lastly, one further limitation must be noted that concerns the definitions of weight 

categories used in the WHO growth standard and in the WHO growth reference. 

Based on the WHO growth standard, children with an age- and sex-specific BMI > 

1SD above the reference median are understood to be ‘at risk of overweight’, 

whereas exceeding 1SD in the WHO growth reference refers to actual overweight. 

Furthermore, age- and sex-specific BMI > 2SD in the growth standard marks 

children’s overweight, whereas children exceeding 2SD of the growth reference are 

classified as obese. For children to be classified as obese in the growth standard, 

they need to cross 3SD, which in turn refers to severe obesity based on the growth 

reference. In practice, this means that a child classified as overweight at the age of 

59 months, based on the growth standard, would likely be classified as obese one 

month later, because the growth reference applies from the age of five years (60 

months) onwards. As children in the GUI cohort turned five years shortly before the 

last interview took place, they had just crossed the threshold for application of the 

growth reference. Notably, growth data underlying the WHO growth reference from 

the ages of 60 to 71 months were smoothed based on anthropometric data from 

the children that had contributed to the development of the WHO growth standard 

(114). Accordingly, the clinical thresholds of overweight (85th percentile) and 

obesity (95th percentile), which are occasionally also used in research, are 

consistent across all ages (336, 337).  

Therefore, it appears feasible to investigate children’s BMI at all ages using ó> 1 S D 

Ò +SDô, ó> 2SD Ò 3SDô, and ó> 3 S D ô as thresholds, in order to track changes in BMI 

deviations from the median between the ages in a coherent manner, in addition to 

examining OWOB prevalence at nine months and three years based on the WHO 

growth standards and prevalence at five years using the WHO growth reference. 



183 

Furthermore, percentile lines of BMI according to the WHO growth standard and 

WHO growth reference were looked at across ages for comparison of the two 

WHO criteria. Percentile lines were provided for all children with valid BMI data in a 

first step, and for children who were breastfed for six months or longer in a 

separate graph. The latter was provided because the WHO growth standard is 

based on data from families who adhered to a number of infant feeding guidelines. 

As adherence to breastfeeding guidelines in Ireland is low (310), it appeared 

reasonable to investigate whether the distribution of BMI differed significantly 

among children who were breastfed for six months or longer, compared to the 

distribution of the entire cohort.  

Accordingly, prevalence and trends of OWOB in the GUI infant cohort were 

investigated using 1) a combination of the WHO growth standard and WHO growth 

reference based on the official SD thresholds of the respective child growth 

criterion, 2) an extended use of the WHO growth standard, using the WHO growth 

reference percentiles but setting thresholds according to those defined in the WHO 

growth standard throughout all ages, and 3) the IOTF growth reference which is 

applicable to children in the GUI cohort only at their ages of three and five years.  

Chapter 3 described in detail how the GUI infant cohort data were collected. It 

furthermore specified the proportion of children with no weight or height data at 

each age and reasons that led to the exclusion of invalid BMI and outliers. After the 

data cleaning, prevalence of OWOB was investigated in 10,810 children (49% 

girls) when they were nine months old, 9,422 (49.5% girls) at the age of three 

years and 8,781 (49.4% girls) at five years. Before prevalence for each age is 

presented, the following section shows how weight, length/height and BMI were 

distributed and correlated across the ages. 
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4.4.3 Prevalence of overweight and obesity in the Growing Up in Ireland 

infant cohort 

Descriptive statistics 

After the exclusion of missing values, outliers and invalid values, 10,810 children 

(49% girls) remained in the cohort that had a valid BMI reported at nine months, 

9,422 (49.5% girls) at three years and 8,781 (49.4% girls) at five years of age. Of 

those, 8,119 children had valid BMI measurements reported for all waves (Table 

12). Additionally, after the cleaning, consistent BMI ranges of between 11 and 27 

kg/m2 across the ages and sexes were seen. As shown in Table 12, no major 

differences existed between weight, height and BMI at five years of age when only 

those children were included who had anthropometric measurements reported in 

each of the three waves, compared to all five-year-old children. Weight, length/ 

height and BMI were distributed normally after the exclusion of invalid values.  

Table 12: Means, standard deviation (SD) and ranges of weight, height and body mass 

index (BMI) in the Growing Up in Ireland infant cohort, after variable cleaning 

Age Variable N 
%  mis sing 

in w a ve *  
Mean SD Range 

9 months Weight (kg) 10926 1.9 9.7 1.2 5.2 – 15.4 

Height (cm) 10844 2.6 72.9 3.1 58.5 – 83.0 

BMI (kg/m²) 10810 2.9 18.2 1.7 11.9 – 26.8 

3 years Weight (kg) 9489 3.1 15.6 2.0 9.8 – 27.1 

Height (cm) 9542 2.6 96.2 3.9 80.8 – 115.0 

BMI (kg/m²) 9422 3.8 16.8 1.5 10.6 – 25.0 

5 years Weight (kg) 8839 1.8 20.2 3.0 12.1 – 38.0 

Height (cm) 8867 1.5 111.3 4.7 91.3 –129.4 

BMI (kg/m²) 8781 2.4 16.3 1.6 11.3 –  26.5 

5 years (only in 

children with the 

respective 

variable available 

at all ages*) 

Weight (kg) 8291 7.9 20.2 2.9 12.1 – 38.0 

Height (cm) 8256 8.3 111.3 4.7 94.1 –129.0 

BMI (kg/m²) 8119 9.8 16.2 1.6 11.3 – 26.5 

* Missing values include missing measurements as well as observations excluded from the 

analysis. 
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Correlation of anthropometric data over time 

Weight, height and BMI measurements of children were plotted to test the 

collinearity between waves. Figures 13 to 15 display the plots of BMI in the same 

children at three years in relation to their nine-month BMI, at five years in relation 

to three years, and at five years in relation to nine months. As can be seen from 

the correlation coefficients displayed under the plots, BMI measurements 

correlated over time, as expected, with the highest correlation seen between three 

and five years of age.  

The correlation coefficients for weight were 0.71 between nine months and three 

years of age, 0.81 between three and five years, and 0.57 between nine months 

and five years. For height, the coefficients were 0.62, 0.85 and 0.58 respectively; 

hence, anthropometric data correlated most from three to five years.  

Figure 13: Correlation of body mass index (BMI) at the ages of nine months and three 

years  
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Figure 15: Correlation of body mass index (BMI) at the ages of nine months and five 

years 

Figure 14: Correlation of body mass index (BMI) at the ages of three and five years 
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Differences across child growth criteria and over time 

Tables 13 and 14 present the prevalences of under- and normal weight, risk of 

overweight, overweight and obesity. As can be seen from the data, the prevalence 

of overweight at the age of nine months was 9.4% and prevalence of obesity was 

2%. Using the WHO growth standard classification, this increased significantly to 

almost 11% of overweight and 2.7% of obesity at three years of age. Depending on 

which WHO criterion was applied when the children were five years old, 

prevalence of both overweight and obesity decreased significantly (to 5.8% and 

1.9% using the WHO growth standard classification) or increased significantly (to 

23.8% and 7.7% using the WHO growth reference) (Table 13). From the age of 

nine months to five years, the prevalence of all weight groups differed significantly 

if WHO growth standard estimates were used at nine months and WHO growth 

reference estimates at five years. When the WHO growth standard classification 

was used both at nine months and five years of age, differences were significant 

for all weight groups except the obesity category (Table 13). The decrease from 

2% to 1.9% in obesity from the start until the end of the study period was not 

significant (p=0.99), even though significant changes had been seen from nine 

months to three years (p=0.02) and from three to five years (p=0.01). 

Furthermore, at the ages of three and five years, prevalence was assessed using 

the IOTF growth reference. At three years, 18.3% of children were overweight and 

5.2% obese, which decreased to 15.1% and 4.8% at five years, respectively. Only 

the decrease in overweight (p=0.01) was significant (Table 13). 

As the use of various child growth criteria led to different estimates of prevalence at 

the ages of three and five years, differences between the respective estimates 

were compared. Both at the ages of three and five years, prevalence of overweight 

and of obesity was significantly lower using the WHO growth standard compared to 

the IOTF growth reference (Table 14). Furthermore, at five years, prevalence of 

overweight and of obesity was higher when the WHO growth reference was used, 

than when the WHO growth standard or IOTF growth reference was applied. The 

WHO growth standard and the WHO growth reference led to identical estimates of 

under- and normal weight prevalence, but significantly higher levels were found 

using the IOTF growth reference both at three and five years (Table 14). 
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Table 13: Time trends in prevalence of weight categories in the Growing Up in Ireland infant cohort. Prevalence was estimated at nine months 

(n=10,810), three years (n=9,422) and five years of age (n=8,781) using the World Health Organization growth standard (WHO-S), International 

Obesity Task Force growth reference (IOTF) and World Health Organization growth reference (WHO-R) to classify body mass index. 

Differences in proportions, 95% Confidence Intervals (CI) and Bonferroni adjusted p-values are presented. 

Criterion Child age Under- and normal weight Risk of overweight Overweight Obesity 

WHO-S 
9 months % (95% CI) 

N 

59.6% (58.7% to 60.5%) 

n=6,444 

29.0% (28.1% to 29.8%) 

n=3,132 

9.4% (8.8% to 9.9%) 

n=1,015 

2.0% (1.8% to 2.3%) 

n=219 

3 years % (95% CI) 

N 

54.4% (53.4% to 55.4%) 

n=5,124 

32.1% (31.1% to 33.0%) 

n=3,021 

10.9% (10.2% to 11.5%) 

n=1,024 

2.7% (2.4% to 3.0%) 

n=253 

5 years % (95% CI) 

N 

68.5% (67.6% to 69.5%) 

n=6,017 

23.8% (22.9% to 24.7%) 

n=2,092 

5.8% (5.3% to 6.2%) 

n=505 

1.9% (1.6% to 2.2%) 

n=167 

Difference in 

proportions (95% CI) 

Adjusted p-values 

9 mo nths  v  3 y e ars  

5.2% ( 3. 8% to  6.6 %)  

p=0 .01  

3 y ear s  v  5 y ear s  

- 14.1% ( - 15 .5% t o - 12. 7%)  

p=0 .01  

9 mo nths  v  5 y e ars  

- 8.9% ( - 10. 2% to - 7.6%)  

p=0 .01  

9 mo nths  v  3 y e ars  

- 3.1% ( - 4.4% to - 1. 8%)  

p=0 .01  

3 y ear s  v  5 y ear s  

8.3% ( 7. 0% to  9.6 %)  

p=0 .01  

9 mo nths  v  5 y e ars  

5.2% ( 3. 9% to  6.4 %)  

p=0 .01  

9 mo nths  v  3 y e ars  

- 1.4% ( - 2.2% to - 0. 6%)  

p=0 .02  

3 y ear s  v  5 y ear s  

5.0% ( 4. 2% to  5.8 %)  

p=0 .01  

9 mo nths  v  5 y e ars  

3.6% ( 2. 9% to  4.3 %)  

p=0 .01  

9 mo nths  v  3 y e ars  

- 0.7% ( - 1.1% to - 0. 3%)  

p=0 .02  

3 y ear s  v  5 y ear s  

0.8% ( 0. 4% to  0.1 %)  

p=0 .01  

9 mo nths  v  5 y e ars  

0.1% ( - 0.3 % to 0.2%)  

p=0 .99  
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Criterion Child age Under- and normal weight Risk of overweight Overweight Obesity 

WHO-S 

+  

WHO-R 

9 months % (95% CI) 

N 

59.6% (58.7% to 60.5%) 

n=6,444 

29.0% (28.1% to 29.8%) 

n=3,132 

9.4% (8.8% to 9.9%) 

n=1,015 

2.0% (1.8% to 2.3%) 

n=219 

3 years % (95% CI) 

N 

54.4% (53.4% to 55.4%) 

n=5,124 

32.1% (31.1% to 33.0%) 

n=3,021 

10.9% (10.2% to 11.5%) 

n=1,024 

2.7% (2.4% to 3.0%) 

n=253 

5 years % (95% CI) 

N 

68.5% (67.6% to 69.5%) 

n=6,017 
N/A 

23.8% (22.9% to 24.7%) 

n=2,092 

7.7% (7.1% to 8.2%) 

n=672 

Difference in 

proportions (95% CI) 

Adjusted p-values 

9 mo nths  v  3 y e ars  

5.2% ( 3. 8% to  6.6 %)  

p=0 .01  

3 y ear s  v  5 y ear s  

14.1% ( - 1 5.5% to - 1 2.7%)  

p=0 .01  

9 mo nths  v  5 y e ars  

- 8.9% ( - 10. 2% to - 7.6%)  

p=0 .01  

 

9 mo nths  v  3 y e ars  

- 1.4% ( - 2.2% to - 0. 6%)  

p=0 .02  

3 y ear s  v  5 y ear s  

- 13.0% ( - 14 .1% t o - 11. 9%)  

p=0 .01  

9 mo nths  v  5 y e ars  

- 14.4% ( % - 1 5.4 t o - 13. 4%)  

p=0 .01  

9 mo nths  v  3 y e ars  

- 0.7% ( - 1.1% to - 0. 3%)  

p=0 .02  

3 y ear s  v  5 y ear s  

- 5.0% ( - 5.6% to - 4. 4%)  

p=0 .01  

9 mo nths  v  5 y e ars  

- 5.7% ( - 6.3% to - 5. 1%)  

p=0 .01  

IOTF 3 years % (95% CI) 

N 

76.5% (75.7% to 77.4%) 

n=7,212 
N/A 

18.3% (17.5% to 19.1%) 

n=1,724 

5.2% (4.7% to 5.6%) 

n=486 

5 years % (95% CI) 

N 

80.2% (79.4% to 81.0%) 

n=7,042 
N/A 

15.1% (14.3% to 15.8%) 

n=1,322 

4.7% (4.3% to 5.2%) 

n=417 

Difference in 

proportions (95% CI) 

Adjusted p-values 

3 y ear s  v  5 y ear s  

- 3.7% ( - 4.9% to - 2. 5%)  

p=0 .01  

N/A 3 y ear s  v  5 y ear s  

3.2% ( 2. 1% to  4.3 %)  

p=0 .01  

3 y ear s  v  5 y ear s  

0.4% ( - 0.2 % to 10. 3%)  

p=0 .99  



190 

Table 14: Comparison of prevalence estimates of weight categories in the Growing Up in Ireland infant cohort. Prevalence was estimated at 

nine months (n=10,810), three years (n=9,422) and five years of age (n=8,781) using the World Health Organization growth standard (WHO-S), 

International Obesity Task Force growth reference (IOTF) and World Health Organization growth reference (WHO-R) to classify body mass 

index. Differences in proportions, 95% Confidence Intervals (CI) and Bonferroni adjusted p-values are presented. 

Child Age Criterion 
Under- and normal 

weight 
Risk of overweight Overweight Obesity 

9 months 

% (95% CI) 

N 

WHO-S 
59.6% (58.7% to 60.5%) 

n=6,444 

29.0% (28.1% to 29.8%) 

n=3,132 

9.4% (8.8% to 9.9%) 

n=1,015 

2.0% (1.8% to 2.3%) 

n=219 

3 years 

% (95% CI) 

N 

WHO-S  
54.4% (53.4% to 55.4%) 

n=5,124 

32.1% (31.1% to 33.0%) 

n=3,021 

10.9% (10.2% to 11.5%) 

n=1,024 

2.7% (2.4% to 3.0%) 

n=253 

IOTF  
76.5% (75.7% to 77.4%) 

n=7212 
N/A 

18.3% (17.5% to 19.1%) 

n=1724 

5.2% (4.7% to 5.6%) 

n=486 

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

Ad just ed p - value s  

22.1% ( 20.8 % to 23. 4%)  

p < 0 .01  
N/A 

7.5% ( 6. 5% to  8.4 %)   

p < 0 .01  

2.5% ( 1. 9% to  3.1 %)  

p < 0 .01  

5 years 

% (95% CI) 

N 

WHO-S  
68.5% (67.6% to 69.5%) 

n=6,017 

23.8% (22.9% to 24.7%) 

n=2,092 

5.8% (5.3% to 6.2%) 

n=505 

1.9% (1.6% to 2.2%) 

n=167 

IOTF  
80.2% (79.4% to 81.0%) 

n=7,042 
N/A 

15.1% (14.3% to 15.8%) 

n=1,322 

4.7% (4.3% to 5.2%) 

n=417 

WHO-R 
68.5% (67.6% to 69.5%) 

n=6,017 
N/A 

23.8% (22.9% to 24.7%) 

n=2,092 

7.7% (7.1% to 8.2%) 

n=672 

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

W HO - S v  IO T F  

11.7% ( 10.4 % to 13. 0%)  
N/A 

W HO - S v  IO T F  

9.3% ( 8. 4% to  10. 2%)  

W HO - S v  IO T F  

2.9% ( 2. 4% to  3.4 %)  



191 

Child Age Criterion 
Under- and normal 

weight 
Risk of overweight Overweight Obesity 

Ad just ed p - value s  p < 0 .01  

W HO - S v  W HO - R  

0% ( - 1.4% t o 1. 4%)  

p= 0 .99  

IO T F  v  W HO - R  

11.7% ( 10.4 % to 13. 0%)  

p < 0 .01  

p < 0 .01  

W HO - S v  W HO - R  

18% ( 17 .0% t o 1 9.0%)  

p < 0 .01  

IO T F  v  W HO - R  

8.7% ( 7. 5% to  9.9 %)  

p < 0 .01  

p < 0 .01  

W HO - S v  W HO - R  

5.8% ( 5. 2% to  6.4 %)  

p < 0 .01  

IO T F  v  W HO - R  

2.9% ( 2. 2% to  3.6 %)  

p < 0 .01  
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Differences in estimates diverged strongly depending on which WHO criterion was 

applied, hence a percentile curve was furthermore produced which shows how the 

BMI of children in the GUI infant cohort was distributed relative to the respective 

WHO reference values at each age, that is the WHO growth standard at the ages 

of nine months and three years, and the WHO growth reference at the age of five 

years (Figure 16). The grey area describes the expected distribution of BMI values 

based on the WHO percentile groups which are displayed on the x-axis. As shown 

in Figure 16, the majority of children in the GUI infant cohort lie in the 25th until 

95th percentile and at all ages more children had BMI scores in the 75th percentile 

or higher than in the reference populations which the WHO criteria are based on. 

The number of children less than the 50th WHO percentiles decreased significantly 

(p<0.05) between nine months and three years, while the number in the 75th to 

84th, 90th to 94th and 99.9th percentile or higher increased significantly (p<0.05) 

(Appendix 6). From three years to five years, decreases in the 90th percentile and 

higher were significant (p<0.05) (Appendix 6).  

Furthermore, Figure 17 provides the same distribution only in children who were 

breastfed six months or longer. This was investigated because the WHO growth 

standard was developed based on data from breastfed infants, whereas adherence 

to breastfeeding guidelines is relatively low in Ireland. Minor deviations can be 

seen in the BMI distribution when the children were nine months old and had just 

been weaned or were still breastfed at the time their BMI was measured. At the 

later ages, the children’s BMI was distributed similarly to BMI scores of the entire 

cohort, and at all ages, the frequency of children in the 75th percentile and higher 

was still exceeding the expected distribution based on the respective WHO criteria. 

Exact figures for the respective ages and percentiles, as well as an indication of 

significant changes in each percentile group between the ages, are provided in 

Appendix 6. 
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Figure 16: Distribution of body mass index (BMI) in all children. BMI in the Growing Up in 

Ireland infant cohort was compared to the age- and sex-adjusted BMI percentiles defined by 

the World Health Organization (WHO) growth standard and growth reference. 
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Figure 17: Distribution of body mass index (BMI) in children breastfed six months or longer 

only. BMI in the Growing Up in Ireland infant cohort was compared to the age- and sex-

adjusted BMI percentiles defined by the World Health Organization (WHO) growth standard 

and growth reference. 
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Sex differences 

Differences of prevalence between boys and girls can furthermore be seen in 

Figures 18-20. Significantly more girls than boys were under- or normal weight 

when they were three (51% of boys vs. 58% of girls) or five years old (66% vs. 

72%), based on the WHO growth standard or growth reference, but significantly 

more boys were under- or normal weight if the IOTF growth reference was applied 

at five years (82% vs. 80%). Prevalence of overweight and of obesity were higher 

among boys than among girls using the different WHO criteria (Figures 18 and 19). 

At the ages of nine months and three years, the differences in overweight 

prevalence were significant, and at five years, overweight was significantly different 

using the WHO growth reference, only. However, at five years, obesity was 

significantly different irrespective of the WHO growth criterion used. Also, 

prevalence of risk of overweight was higher in boys using the WHO growth 

standard classification when the children were five years old (Table 15). At three 

years of age, the same sex trend was seen only for overweight using the IOTF 

growth reference although this was not significant (Table 15). At the age of five 

years, this trend was reversed and significantly more girls were overweight using 

the IOTF growth reference (Figure 20). 
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Figure 18: Weight status using the World Health Organization (WHO) growth standard 

classification. Prevalence of risk of overweight, overweight and obesity was estimated at nine 

months, three years and five years of age in boys and girls  

Figure 19: Weight status using the World Health Organization (WHO) growth standard and 

growth reference. Prevalence of overweight and obesity was estimated at nine months, three 

years and five years of age in boys and girls 
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Figure 20: Weight status using the International Obesity Task Force growth reference. 

Prevalence of overweight and obesity was estimated at three years and five years of age in 

boys and girls 
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Table 15: Sex-differences in prevalence of weight categories in the Growing Up in Ireland infant cohort. Prevalence was estimated at nine 

months (n=10,810), three years (n=9,422) and five years of age (n=8,781), using the World Health Organization growth standard (WHO-S), 

International Obesity Task Force growth reference (IOTF) and World Health Organization growth reference (WHO-R) to classify body mass 

index. Differences in proportions, 95% Confidence Intervals (CI) and Bonferroni adjusted p-values are presented. 

Child age  Under- and normal weight Risk of overweight Overweight Obesity 

9 months 

% (95% CI) 

N 

Boys WHO-S 
58.2% (56.9% to 59.5%) 

n=3,212  

29.1% (27.9% to 30.3%) 

n=1,606 

10.2% (9.4% to 11.0%) 

564  

2.4% (2.0% to 2.8%) 

133  

Girls WHO-S 
61.0% (59.7% to 62.4%) 

n=3,232 

28.8% (27.6% to 30.3%) 

n=1,526 

8.5% (7.8% to 9.3%) 

n=451 

1.6% (1.3% to 2.3%) 

n=86 

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

Ad just ed p - value  

- 2.8% ( - 4.6% to - 1. 0%)  

p=0 .06  

0.3% ( - 1.4 % to 2.0%)  

p=0 .99  

1.7% ( 0. 6% to  2.8 %)  

p=0 .04  

0.8% ( 0. 3% to  1.3 %)  

p=0 .06  

3 years 

% (95% CI) 

N 

Boys WHO-S  
51.4% (50.0% to 52.8%) 

n=2,445 

33.3% (31.9% to 34.6%) 

n=1,583 

12.4% (11.5% to 13.4%)  

n=592 

2.9% (2.4% to 3.4%) 

n=139 

Girls WHO-S 
57.5% (56.0% to 58.9%) 

n=2,679   

30.8% (29.5% to 32.3%) 

n=1,438  

9.3% (8.4% to 10.1%) 

n=432  

2.4% (2.0% to 2.9%) 

n=114 

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

Ad just ed p - value  

- 6.1% ( - 8.1% to - 4. 1%)  

p=0 .02  

2.5% ( 0. 6% to  4.3 %)  

p=0 .18  

3.1% ( 1. 8% to  4.3 %)  

p=0 .02  

0.5% ( - 0.1 % to 1.1%)  

p=0 .99  

Boys IOTF  
76.2% (75.0% to 77.4%) 

n=3,628  
N/A 

18.9% (17.8% to 20.2%) 

n=898  

4.9% (4.3% to 5.5%) 

n=233  

Girls IOTF  
76.9% (75.6% to 78.1%) 

n=3,584  
N/A 

17.7% (16.6% to 18.8%) 

n=826  

5.4% (4.8% to 6.1%) 

n=253  

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

- 0.7% ( - 2.4% to 1 .0%)  

p=0 .99  

N/A 

 
 

1.2% ( - 0.4 % to 2.8%)  

p=0 .99  

- 0.5% ( - 1.4% to 0 .4%)  

p=0 .99  
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Child age  Under- and normal weight Risk of overweight Overweight Obesity 

Ad just ed p - value s  

5 years 

% (95% CI) 

N 

Boys WHO-S 
65.6% (64.1% to 66.9%) 

n=2,910  

25.7% (24.4% to 27.0%) 

n=1,141  

6.4% (5.6% to 7.1%) 

n=282  

2.4% (2.0% to 2.9%) 

n=107  

Girls WHO-S 
71.6% (70.2% to 72.9%)  

n=3,107  

21.9% (20.7% to 23.1%) 

n=951  

5.1% (4.5% to 5.8%) 

n=223  

1.4% (1.0% to 1.7%) 

n=60 

Dif f erenc e in 

p ro p o rt ion s (95%  CI )  

Ad just ed p - value s  

- 6.1% ( - 8.0% to - 4. 2%)  

p=0 .02  

3.8% ( 2. 0% to  5.6 %)  

p=0 .02  

1.3% ( 0. 3% to  2.3 %)  

p=0 .14  

1.0% ( 0. 4% to  1.6 %)  

p=0 .02  

Boys IOTF  
81.8% (80.7% to 83.0%)  

n=3,634  
 

13.8% (12.7% to 14.8%)  

n=611 

4.4% (3.8% to 5.0%)  

n=195 

Girls IOTF  
78.5% (77.3% to 79.7%) 

n=3,408 
 

16.4% (15.3% to 17.5%)  

n=711 

5.1% (4.5% to 5.8%) 

n=222 

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

Ad just ed p - value s  

3.4% ( 1. 7% to  5.1 %)  

p=0 .02  
N/A 

- 2.6% ( - 4.1% to - 1. 1%)  

p=0 .02  

- 0.7% ( - 1.6% to 0 .2%)  

p=0 .99  

Boys WHO-R 
65.5% (64.1% to 66.9%)  

n=2,910 
N/A 

25.7% (24.4% to 27.0%) 

n=1,141 

8.8% (7.9% to 9.6%) 

n=389 

Girls WHO-R 
71.6% (70.2% to 72.9%) 

n=3,107 
N/A 

21.9% (20.7% to 23.1%) 

n=951  

6.5% (5.8% to 7.3%) 

n=283 

Dif f erenc e in  

p ro p o rt ion s (95%  CI )  

Ad just ed p - value s  

- 6.1% ( - 8.0% to - 4. 2%)  

p=0 .02  
N/A 

3.8% ( 2. 0% to  5.6 %)  

p=0 .02  

2.3% ( 1. 2% to  3.4 %)  

p=0 .02  
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4.5 Discussion 

4.5.1 National and international child growth criteria 

Child growth criteria were identified in this chapter that are used on a national or 

international level. While national growth criteria may be more suitable for the 

clinical assessment of individual children, these criteria are not particularly useful 

with regards to epidemiological surveillance of children on country-level or in cross-

country comparisons. Mainly, use of various criteria leads to limitations in terms of 

the comparability of studies internationally (79). In order to monitor population 

trends across ages, time, and countries, the use of international, as opposed to 

national criteria, on population data is therefore recommendable (116, 327). Widely 

used international child growth criteria are the WHO growth standard, the WHO 

growth reference and the IOTF growth reference, whereas the CDC growth charts 

are a national growth criterion from the US occasionally applied to studies in other 

countries. On national level, the UK90/WHO growth charts are applicable to 

children in Ireland in clinical settings, however, these are currently subject to 

review and adjustment based on Irish data (80). The revised child growth criteria 

are expected for implementation in Ireland in the near future. 

Previous studies identified discrepancies between OWOB estimates depending on 

which (international) child growth criterion was used to assess prevalence. 

Consequently, consensus is needed as to which criterion should be used in young 

children and, once established, this standard should be adhered to in the research 

field. An analysis of the literature revealed that use of the WHO growth standard for 

infants and young children (below five years) and the WHO growth reference in 

children aged five to 19 years is preferential. Namely, the BMI distribution in the 

WHO criteria was found to resemble the growth curves of healthy children most, 

the criteria were able to identify children who were at an increased cardiometabolic 

risk, and they identified OWOB earlier than other criteria (165, 336, 337).  

The major critique of using the WHO criteria is their potential to underestimate the 

prevalence of underweight, compared to other growth criteria (377). While this 

argument has important implications for clinical application, particularly in countries 
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where undernutrition is a common health risk, the WHO growth standard identified 

young children with malnourishment and risk of undernutrition most accurately in 

one study (378). Furthermore, it needs to be acknowledged that the burden of 

childhood OWOB on individual health and on health systems appears much higher 

in Ireland and across Europe than that of underweight. Therefore, the WHO criteria 

are expected to classify the weight status of more children correctly than other 

criteria, even if a small proportion of underweight children may not be identified. 

For this thesis in particular, this criticism of the WHO criteria was not relevant as 

the investigation of underweight was not part of the study aim.  

Additionally, it needs to be acknowledged that criteria published by the IOTF, which 

apply to children from the age of two years, were established before the WHO 

growth standard and reference were in place, and therefore use of the IOTF growth 

reference appears popular among researchers. Studies conducted prior 2006/2007 

had no alternative option than to use the IOTF criteria or national references, which 

is reflected in the use of criteria among studies published until 2011 (302). 

However, even though use of the IOTF growth reference is still popular, a number 

of studies point to the fact that child growth criteria based on data collected in the 

1970s or earlier may be outdated (164, 380).  

In the light of missing consensus, a number of more recent studies have therefore 

moved to providing OWOB estimates using both IOTF and WHO criteria (239, 338, 

382). This was recommended as a useful solution to making studies that monitor 

OWOB prevalence comparable both across time and countries (369). In fact, two 

large reviews of global childhood OWOB trends that were recently published are 

mainly distinguishable by whether studies were included that assessed weight 

status based on the IOTF (5) or the WHO growth reference (12). If prevalence 

according to both criteria were reported in future studies, there would be no need 

for this distinction and valuable research resources could be saved. Accordingly, 

this approach as well was supported and applied in this study. 

 



202 

4.5.2 Need for comparable criteria and terminology 

A lack of consistency appears to exist in how the WHO growth standard and WHO 

growth reference are applied. The WHO supplies sex- and age-specific growth 

charts based on both criteria, displaying growth curves at the median, 85th 

percentile and 95th percentile, among others that are commonly used to assess 

OWOB in clinical practice (322) (Table 16). In fact, in a limited number of studies, 

the 85th and 95th percentile have as well been used a cut-off points to define 

OWOB in the research field (336, 337, 383). While it may not be incorrect to use 

the same cut-off criteria in research, the WHO provides thresholds based on SD for 

use in research specifically, as shown in Table 16. The proximity of 1SD to the 85th 

percentile and of 2SD to the 95th and 97th percentile lines may lead researchers to 

conclude incorrectly that both can be used interchangeably.  

Furthermore, not all studies adhere to the different interpretation of SD thresholds 

between the WHO growth standard and the WHO growth reference. For example, 

commonly 1SD was used as the threshold to define overweight in children below 

the age of five years (239, 382) whereas 2SD would be correct, as shown in Table 

16. As both WHO growth criteria follow on from different study designs and partly 

different populations, it appears reasonable that these are kept separate by the 

WHO. However, especially as no difference between the two WHO criteria exists 

for the clinical assessment, instructions on the WHO website may need to clarify 

the different meaning of SD thresholds in a more transparent way, so that use of 

the criteria and cut-off points might be confused less in future studies.  

Despite the preference of WHO growth criteria over national or IOTF criteria, this 

difference in interpretation of epidemiological thresholds was found to offer a major 

disadvantage when children were monitored longitudinally who span across ages 

that require use of both the WHO growth standard and the WHO growth reference 

(114, 277). This is the case in the GUI infant cohort, where children fall into the 

categorisation based on the WHO growth standard when they are nine months and 

three years old, but into that of the WHO growth reference during the third BMI 

measurement at their age of five years. According to the thresholds seen in Table 

16, a child that would be classified as overweight at the age of four years and 

eleven months would be classified as obese at the age of five years and zero 
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months if they stayed on the same percentile of the respective BMI distribution of 

the WHO growth standard and the WHO growth reference. In terms of percentiles, 

the transition from the WHO growth standard to the WHO growth reference has 

been excellently smoothed (277), but unfortunately this is not the case for 

definitions of OWOB based on SD. 

Table 16: Thresholds of the World Health Organization (WHO) child growth criteria (114, 

322, 361) 

Thresholds WHO growth standard 

(0-59 months) 

WHO growth reference 

(5-19 years) 

For clinical assessment 

85th percentile Overweight Overweight 

95th percentile Obesity Obesity 

For epidemiological studies 

1SD Risk of overweight Overweight 

2SD Overweight Obesity 

3SD Obesity Severe obesity 

 

In order to prevent such difficulties, Rolland-Cachera et al. (116) propose the 

implementation of a more uniform terminology across child growth criteria, which 

would define all children currently categorised as at risk of overweight in the WHO 

growth standard, and as overweight in the WHO and IOTF growth references, as 

‘grade 1 overweight’. Furthermore, children currently classified as overweight 

based on the WHO growth standard and those classified as obese based on the 

two growth references would be caught under a common category ‘grade 2 

overweight’ or ‘obesity’ (116). Similarly, the former classification of children as ‘at 

risk of overweight’ and ‘overweight’ using the CDC criteria was changed to 

classifying children in the same percentile groups as ‘overweight’ and ‘obese’, 

respectively, because the original terms were not believed to reflect the actual 

health risk associated with children’s BMI (384). In terms of the WHO growth 

standard, however, it was noted that the current definitions may in fact be 

preferential in the communication between healthcare providers, parents and 

children, as well as in the media, to avoid stigmatisation (116). As a consequence 
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of the suggested adjustment in the terminology of OWOB for research purposes, 

SD in the WHO growth standard and growth reference would become comparable 

across ages and correct use of the WHO criteria may be encouraged in studies 

involving children that span across early and later childhood and adolescence.  

 

4.5.3 Prevalence of overweight and obesity in the Growing Up in Ireland 

infant cohort 

The WHO criteria and the IOTF growth reference were used to estimate the 

prevalence of OWOB in the GUI infant cohort. While only the WHO growth 

standard was available to assess prevalence when the children were nine months 

old, the IOTF growth reference was used as an alternative criterion at the ages of 

three and five years. At five years of age, both the thresholds of the WHO growth 

reference and WHO growth standard were applied as children had just crossed the 

age when BMI assessment should be shifted from the former to the latter.  

Large discrepancies were found between prevalence estimates of overweight and 

of obesity depending on which child growth criteria were used. When the children 

were nine months old, 29% were at risk of overweight, 9.4% overweight and 2% 

obese. The WHO growth standard identified 32.1% of children as at risk of 

overweight at three years and 23.8% at five years. Additionally, 10.9% of the three-

year-olds and 5.8% of the five-year-olds were overweight, and 2.7% and 1.9% of 

the children were obese at the respective ages. Hence, between the ages of three 

and five years, prevalence tended to decrease if the WHO growth standard 

classification was used, or if percentiles based on the applicable WHO criteria for 

the respective ages were compared; however it increased dramatically if the WHO 

growth reference was used at five years. When the WHO growth reference was 

applied to the five-year-old children, estimates of both overweight (23.8%) and 

obesity (7.7%) were highest, compared to the other criteria. The IOTF growth 

reference overall found higher levels of overweight and of obesity than the WHO 

growth standard, but lower levels than the WHO growth reference, which has also 

been observed in other studies (239). Based on the IOTF growth criteria, 18.3% of 

three-year-olds and 15.1% of five-year-olds were overweight and 5.2% and 4.8% 
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were obese, respectively. Generally, trends over time in the GUI infant cohort 

appeared more stable over the study period using the IOTF growth reference than 

using WHO criteria, which is in line with other studies (239, 338). 

Both for overweight and obesity, these estimates lie below those that were 

published in the Global Burden of Disease Study (using the IOTF growth criteria), 

data of which were not based on real observations but calculated from prevalences 

seen in other age groups and other countries (5). In contrast, this thesis confirms 

the prevalence of OWOB observed in the small sample of three-year-old children 

assessed in the National Preschool Nutrition Survey, even though the obesity 

prevalence was slightly lower in that survey. Prevalence of OWOB in that survey 

was furthermore lower at the ages of two and four years (98). A lower prevalence 

of OWOB (14%) was also seen in an urban, regional (non-representative) sample 

of two-year-old children in Ireland (40). Additionally, the children in the GUI infant 

cohort were born around the same time as the children examined in Round 4 of the 

COSI, who were six to seven years old in 2015. When both cohorts are compared, 

the prevalence of obesity is the same, however less children (12%) were 

overweight in the COSI (356) and the sex gap was much bigger, even though sex 

trends were similar (41). The declining overweight trend seen between the ages of 

three and five years in the GUI data may therefore have continued in Irish children 

that were born approximately a decade before the writing of this thesis, but more 

so in boys. In contrast, since the beginning of the millennium, a small but 

continuous decline in the obesity, but not the overweight prevalence, was seen 

based on national data from primary school children. The overweight prevalence in 

the same study remained relatively stable over time (38). 

A comparison to other countries revealed that the prevalence of OWOB appears to 

vary between countries within Europe (239). The prevalence of obesity identified in 

this study using the IOTF growth reference approximates the global average in 

two- to four-year-olds in 2011 to 2013; however the prevalence of overweight is 

much above the global average of about 10% (5). In turn, a very similar prevalence 

of overweight and of obesity to the global average was previously seen in young 

children in Belgium, Cyprus and Italy, even if findings are based on cross-sectional 

studies and slightly older (385). In France, prevalence of overweight among two-
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year-old children, using the IOTF criteria, was much lower than in Ireland (between 

5% and 6%) from 2004 to 2013 (379). Much lower levels than in our study were 

also identified in infants and five-year-old children in Denmark. A pooled analysis of 

Danish infants and children revealed that the overweight prevalence in infants from 

1998 until 2010 was between 1.2 and 7.3%, and obesity prevalence between 0 and 

1.2% using the WHO growth standard. Overweight and obesity combined was 

prevalent in less than 7% of boys and 5% of girls who were eight to ten months old 

and studied at the same time as the GUI infant cohort (386). Again, this is much 

lower than the estimates found in this study. Lower levels of OWOB as well were 

seen in preschool-aged children from the Netherlands, using the IOTF growth 

reference and the WHO growth standard, and in two-to five-year old children from 

Norway, using the IOTF growth reference (79).  

Similar OWOB levels in a comparable study period were seen in representative 

studies from Portugal (three- to four-year-old children) using the IOTF criteria, and 

in Turkey (zero- to four-year-old children) using the WHO growth standard (79). In 

turn, higher levels of OWOB were found using IOTF and WHO criteria in Greek 

preschool children that were studied in 2009 and 2010 (382). The differences seen 

in Greece between OWOB estimates using the IOTF growth reference and the 

WHO growth reference classification compare to the differences found in this study 

(382). Also, slightly higher obesity levels (16%) were found among two- to five-

year-old children in Massachusetts between 2001 and 2006, using the WHO 

growth standard (337). 

In a number of previous studies, discrepancies between estimates of overweight 

and/or obesity were declining over time, and more agreement between WHO 

growth criteria and the IOTF growth reference was seen as children grew older in 

many countries (239, 337), however not in all (387). In this thesis, irrespective of 

using the WHO growth reference or WHO growth standard classification when 

children were five years old, gaps between either of these criteria with the IOTF 

estimates of overweight and of obesity remained rather stable over time. A 

potential reason that was considered to explain this is the fact that other studies 

used the WHO growth reference classification also in children below the age of five 

years, or the 85th and 95th centile of the WHO growth standard or growth reference 
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instead of SD. In this thesis, overweight based on the WHO growth reference 

classification would have been 32% at the age of three years, and prevalence of 

obesity nearly 11%. In fact, the gap between the WHO growth reference and the 

IOTF growth reference decreases until the age of five years if this unofficial 

classification system is applied to the GUI data, whereas this finding was not 

confirmed by trends seen in Greek preschool children (382). An additional reason 

may be that children in this cohort were only followed until their age of five years, 

whereas prevalence estimates based on the WHO and IOTF criteria diverged less 

from around the age of eight years in a previous study (239). It is possible that the 

gap between different estimates of OWOB may narrow down also in the GUI 

cohort as children grow older.  

Many studies identified higher agreement between estimates of overweight 

(including obesity) following various definitions of the different child growth criteria, 

compared to a lower agreement identified between estimates of obesity (336, 373, 

374, 376). Considering that the use of child growth criteria varies considerably 

based on preferences of researchers and age groups included in studies, more 

agreement in the field of childhood obesity research may therefore be reached 

studying trends of OWOB combined. Particularly in the investigation of risk factors 

for the development of evidence-based interventions, and in the evaluation of such 

interventions, OWOB estimates may be more comprehensive. Nevertheless, 

obesity should also continue to be measured for overall population monitoring and 

clinical assessment of child weight due to its important health implications.  

 

4.5.4 Sex difference in the overweight and obesity prevalence 

Notably, sex trends of obesity were reversed at three and five years of age, as 

were overweight trends when the children were five years old between the criteria. 

In the GUI infant cohort, the WHO growth standard classification consistently 

identified a higher number of boys than girls as overweight and as obese at all 

ages (not statistically significant in the obesity category at nine months and three 

years), while the IOTF growth reference identified a significantly higher number of 

girls than boys as overweight at five years. In turn, similar to the WHO growth 
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standard, more boys were identified as overweight using the IOTF growth 

reference at three years, but this difference was not significant. The sex trend 

observed using the WHO growth reference and the WHO growth standard 

classification were comparable. Longitudinal data from eight European countries in 

the IDEFICS cohort also found higher OWOB levels among boys than girls using 

WHO growth criteria and higher levels among girls using IOTF criteria from the age 

of two to seven years (239). Similarly, sex trends of obesity in Sweden were 

reversed between the IOTF and the WHO growth reference (380). In Greece, 

however, the only significant sex trends for OWOB using either the IOTF or the 

WHO growth reference identified a higher prevalence in boys than in girls (382). 

 

4.5.5 Conclusion 

The prevalence of OWOB in young children in Ireland appears high compared to 

many European countries (79, 379, 385, 386), with a peak prevalence of up to 46% 

(WHO growth reference classification) observed at the age of three years. 

Estimates need to be interpreted with caution as large variations were seen 

depending on the child growth criterion in use. In order to promote future 

decreases in the OWOB prevalence among young children in Ireland, factors that 

contribute to the development of OWOB and the maintenance of a healthy weight 

need to be investigated. Use of the WHO child growth standard and child growth 

criteria in combination, but using unique SD thresholds, is recommended to 

investigate risk factors. Therefore, in the remainder of this thesis, OWOB will refer 

to a BMI > 1SD and obesity to a BMI > 2SD. Accordingly, the next chapter of this 

thesis presents results from cross-sectional analysis of various risk factors of 

OWOB in the GUI infant cohort.   
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CHAPTER 5:  

 

Cross-sectional analysis of early overweight and obesity – 

inclusion of the Social Ecological Model  
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Key points in this chapter 

Aims of this chapter 

Õ To investigate differences in the risk of childhood OWOB in relation to risk 

factors and between population groups in Ireland at the ages of nine 

months, three years and five years  

Õ To test the role of material circumstances, biological risk factors and 

psychosocial factors in the development of OWOB in young children while 

applying a suitable child growth criterion 

 

Knowledge generation 

Õ Using a combination of the WHO growth standard and WHO growth 

reference, risk of OWOB (combined) and risk of obesity in young children in 

Ireland will be quantified for different population groups and material, 

biological and psychosocial risk factors are linked to childhood OWOB  
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5.1 Introduction 

A high prevalence of OWOB until the age of five years in Ireland was identified in 

Chapter 4, with the highest level seen in three-year-old children. Large variations in 

the OWOB prevalence were observed over time, and differences exist between the 

prevalence in young children in Ireland and those in other countries (Chapter 4). In 

order to detect how such differences may arise, different paths need to be explored 

which may explain why children put on excess weight. A number of theories were 

described in Chapter 2 which explain how inequalities in health emerge, and 

possibly the development of OWOB. One theory focuses on the possibility that 

material circumstances impact the family’s ability to afford and access resources 

and services that support the maintenance of a healthy child weight. This includes 

resources in the physical environment of children, such as safe outdoor areas to 

play active games, as well as health knowledge, such as parental cooking skills 

and nutritional knowledge. Secondly, biological risk factors are suspected to play a 

role in the development of OWOB, for example through (epi-)genetic mechanisms 

and early feeding practices. Thirdly, families may be more likely to adopt unhealthy 

behaviours if they are suffering from psychosocial strain, which may as well affect 

the retention of a healthy weight in young children.  

The environment of children until the age of five years mainly constitutes of the 

family they live in, and, to a lesser extent, the community (e.g. childcare services), 

social policy (e.g. through its influence on healthcare) as well as socio-economic 

factors that impact on the family as a whole. The SEM has divided the obesogenic 

environment of children into these various levels and the Comp lex web  of po ten tia l 

d e te rmina n ts of o ve rwe igh t a n d o be sity in  ch ildre n  has further helped researchers 

explain how various child, family or community, demographic and societal 

characteristics may be related to childhood obesity. Both frameworks have been 

combined and adopted to guide this thesis, as explained in Chapter 2 (Section 

2.2). While an extensive array of literature was furthermore identified in Chapter 2 

that supports the links between many child, family and community, demographic 

and societal characteristics with early childhood obesity, little is known about the 

risk factors of young Irish children specifically.  
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A number of studies in Ireland have assessed risk factors of childhood obesity 

using nationally representative data in the past, of which very few focused on 

children at their age of three years (2, 238) and most on school-aged children (92-

94, 232, 346, 349, 388, 389). Children below the age of three years and between 

three and six years therefore appear understudied in Ireland. However, 

international research revealed that the first 1,000 days of children’s lives appear 

crucial in the development of OWOB, and that weight gains before school entry 

have important implications for the later obesity risk, as shown in Chapter 1 

(Section 1.3). Furthermore, one of the Irish studies used clinical (WHO growth 

standard), rather than epidemiological criteria to define OWOB (2) and all other 

studies made use of the IOTF growth reference. The IOTF growth reference is not 

applicable to children below the age of two years, and the critical analysis of 

various child growth criteria presented in Chapter 4 identified use of the WHO 

growth standard and WHO growth reference as preferential to investigate 

children’s weight status.  

No population-level study is known that provides a recent comparison of risk 

factors that are related to the development of OWOB at different ages across the 

early childhood years, using a uniform and suitable definition of OWOB and 

adjusting for the same risk factors across ages. In order to tackle the high OWOB 

levels in Ireland, population groups who are at an increased risk of childhood 

obesity, as well as material, biological and psychosocial risk factors that contribute 

to this risk, need to be identified. Only upon the identification of families who are at 

risk of having young children with OWOB, prevention and intervention strategies 

can be developed that target those families who are most in need.   
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5.2 Chapter aims and hypotheses 

A research gap has been identified in Ireland, where many young children have 

OWOB as early as at the age of nine months, but where factors explaining this 

high prevalence at that age and in the later preschool years have not been studied 

in detail. Therefore, the aim of this chapter is to identify characteristics of children, 

their families, and the wider community they live in that increase the likelihood of 

OWOB when they are nine months, three years and five years old. Three 

hypotheses were tested that may explain how early childhood OWOB develops in 

Ireland. First, it was hypothesised that low familial socio-economic conditions lead 

children to an elevated risk of developing OWOB due to material circumstances. 

This relationship may be explained by the family’s ability to afford certain goods 

and services that help them promote a healthy child weight. Secondly, biological 

risk factors were hypothesised to predispose children to develop OWOB, for 

example by influencing their metabolism and growth through the gestational 

development and early nutrition. Thirdly, psychosocial factors were hypothesised to 

promote excess weight gain in children, for example psychosocial stressors in the 

child’s environment may lead to the adoption of unhealthy feeding practices and 

increased screen use. These hypotheses were tested using data from the GUI 

infant cohort, which was described in detail in Chapter 3.   
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5.3 Methods 

The GUI infant cohort data were analysed using a mix of simple and multiple 

logistic regression models to investigate potential risk factors and population 

characteristics associated with OWOB in children until the age of five years. 

 

5.3.1 Variables 

Outcome variables 

Weight status at the ages of nine months, three years and five years in the GUI 

infant cohort was assessed based on BMI, using the WHO growth standard and 

the WHO growth reference which has been described in Chapter 4. Based on this 

categorisation of BMI in relation to the WHO growth criteria, two binary outcome 

variables were investigated at the ages of nine months, three years and five years; 

first, children with OWOB (BMI > 1SD) were compared to children with under- or 

normal weight, and secondly, obesity (BMI > 2SD) was used as an alternative 

outcome variable (compared to children in all other weight groups), on the sex-and 

age-specific distribution of the applicable WHO criterion. This is the classification 

system used in the WHO growth reference, while the WHO growth standard 

suggests use of alternative thresholds. However, for practical reasons, the above 

thresholds have been adopted in this thesis as one common definition to classify 

weight categories across the ages, as has been suggested by Rolland-Cachera et 

al. (116) (see Chapter 4 for further detail).  

Use of overweight as the outcome variable was favoured over the use of obesity as 

outlined in Chapter 4. Nevertheless, obesity was used as an alternative outcome 

variable for two reasons. First, the threshold of 2SD includes children with the 

highest BMI scores, only, which may be associated with other risk factors than the 

wider inclusion criteria of BMI > 1SD. Secondly, as shown in Chapter 4, the WHO 

originally used the threshold of 2SD to define overweight in children under the age 

of five years, and it was expected that the study of weight status according to either 

threshold may reveal different important findings. Lastly, use of BMI > 3SD as a 
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third outcome variable was considered, because this defines obesity in the original 

classification of the WHO growth standard for children under the age of five years. 

However, only 2% of all BMI observations across the studied ages fall into this 

category. Therefore, use of this threshold to define obesity would have reduced the 

statistical power of the analysis. 

 

Explanatory variables 

Differences in OWOB prevalence and obesity prevalence were investigated based 

on a number of child, family as well as community, demographic and societal 

characteristics. This was to test whether material circumstances, biological factors 

or psychosocial and associated behavioural factors could play a role in the 

development of obesity in young children in Ireland. In Chapter 2, ethnic 

background and various SES indicators were identified as main demographic 

population characteristics based on which inequalities in childhood obesity exist; 

hence, they were included as explanatory variables in this study. Furthermore, as 

detailed in Chapter 2, consensus appeared to exist that parental weight status is 

related to children’s obesity levels, as well as biological infant characteristics, such 

as BWFGA, and initiation and duration of breastfeeding. These factors were also 

incorporated in the analysis. Other variables, such as behavioural factors and 

aspects of the social and physical environment of children, were additionally 

included, based on the SEM and the Comp lex w eb  of po ten tia l de ter mina n ts o f 

o ve rwe igh t a nd  ob e sity in  ch ild ren , and based on the evidence presented in 

Chapter 2. An overview of all explanatory variables investigated in this Chapter and 

their measurement can be found in Chapter 3 (Section 3.3.3, Table 4). 

 

5.3.2 Statistical analysis 

Initially, descriptive statistics, including means and SD, and frequencies and 

percentages, as described in Chapter 3 (Section 3.3.3), were performed.  
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Logistic regression analysis 

Initially, simple logistic regression analysis was used to investigate relationships 

between the risk of OWOB in the GUI infant cohort and material, biological or 

psychosocial theories at the different ages. Associations between weight status 

and equivalised household income were investigated at the ages of nine months, 

three years and five years, as household income seemed the most logical indicator 

to test the material theory. Additionally, associations between weight status and 

BWFGA were investigated at all three ages, to test whether biological factors are 

associated with differences in OWOB, and furthermore between household 

structure and weight status, to test the possibility of psychosocial pathways to 

OWOB. However, bivariate analysis does not account for potential confounding 

that may exist due to relationships between explanatory variables and hence 

multivariable analyses approaches were also explored, following simple linear 

regression analysis. 

Logistic regression models, which investigate the probability of a binary outcome 

variable, based on one or more potential explanatory variables, were used. Cross-

sectional multiple logistic regression analysis was conducted at the ages of nine 

months, three years and five years, to adjust for multiple OWOB risk factors 

simultaneously, i.e. to assess the association between variables, if all other 

explanatory variables in the model were held constant. Separate logistic regression 

models were run for each age and both outcome variables (OWOB and obesity). 

All explanatory variables outlined above were integrated into the analysis, in order 

to identify which factors and population characteristics were associated with 

varying odds of OWOB or obesity at the different ages. A number of lifestyle 

variables were only measured at the ages of three and/or five years, which is why 

they were only included in the respective models. Furthermore, at the ages of three 

and five years, previous weight status (óu n d e r -  a n d  n o rma l w e i g ht ô, óo ve rwe igh t ô, or 

óo b e se ô) was included as an explanatory variable in order to isolate the association 

of other variables with previous weight status from associations between 

explanatory variables and weight status at the investigated age. Sensitivity analysis 

was run for all models without adjusting for previous weight status, and without 

adjusting for rapid infant weight gain, as these variables may have mediated other 
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relationships and hence masked their association in the models (390). Weighting 

factors developed for each age as part of the GUI study were included in the 

models.  

A general limitation of cross-sectional analysis that was mentioned in Chapter 2 is 

that no causal inferences are possible when outcome and explanatory variables 

are measured simultaneously, as it is unknown whether explanatory variables 

preceded the outcome. While this limitation needs to be acknowledged, a few 

explanatory variables in this thesis, namely birth characteristics, infant weight gain 

and infant feeding practices, were present before BMI was assessed first at the 

age of nine months. Additionally, as multiple waves of data are available to this 

study, the analysis of waves 2 and 3 could be adjusted for the outcome variable in 

the previous wave. For example, if an association between breastfeeding duration 

and OWOB at the age of five years was seen, this association could be argued to 

be mediated by the child’s earlier weight status when the model was not adjusted 

for previous weight status. However, by conducting a longitudinal analysis, 

adjusting the five-year analysis for OWOB at three years, weight status at three 

years is held constant and the association between breastfeeding duration and 

OWOB at five years is tested. Hence, the longitudinal analysis can shed more light 

on the relationships between explanatory variables and OWOB.  

While a sophisticated longitudinal analysis is possible and was conducted using 

the GUI infant cohort data (results will be presented in Chapter 6), there are 

relatively few longitudinal studies in young children available. In the past, cross-

sectional designs have widely been used across countries to investigate risk 

factors of childhood obesity and therefore offer a higher level of comparability 

between studies. Novel knowledge based on longitudinal studies is needed, but 

simultaneously new findings need to be bridged to past research in order to 

compare trends over time and between countries, and to build on past research, 

regardless of the analysis approach chosen. For example, in Ireland, the COSI 

data of children aged six years and older consists of both cross-sectional and 

longitudinal elements, as new cohorts of six-year-old children are sampled and 

children within each cohort reassessed every two years (41). While children in the 

COSI cohorts are followed until an older age than the children in the GUI infant 
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cohort (41), a comparison of the five-year data from GUI and the six- to seven-year 

data from the COSI appears feasible due to the small age gap between them and 

offers opportunities to test the external validity of both studies.  

If the results of the cross-sectional analysis of the GUI data are comparable to 

those found in the COSI (and other studies) it would suggest that the longitudinal 

findings in this study may be relevant to other countries. Furthermore, if similar 

cross-sectional findings occur in both studies, a longitudinal analysis of the GUI 

infant cohort can help explain or validate pathways that may lead to these cross-

sectional associations in both cohorts. The interpretability of findings in the COSI 

children (and many other studies) is otherwise limited as they were not studied 

during infancy. Therefore, while a longitudinal analysis is preferable over several 

cross-sectional analyses, cross-sectional analysis was also conducted in this 

thesis for comparison to other studies. 
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5.4 Results 

5.4.1 Overview of variables and exploratory analysis 

The data cleaning and exploratory analysis led to the final set of variables that was 

integrated in the analyses of this thesis, details of which are presented in Table 17.  

There was almost an even split of boys and girls and those living in a rural or urban 

area. On average, children met about half of the food recommendations and 

received antibiotics more than once in the year preceding the three- and the five-

year data collection. More than half of the children participated in organised sports 

and children tended to pursue all of the different unstructured physical activities 

about half of the days. Most three- and five-year-old children spent between one 

and two hours per day using screens, however 20% at three years and 13% at five 

years spent more than three hours using screens. At all ages, most children had a 

normal daily sleep duration, however no direct comparison is possible as sleep 

recommendations vary by ages and altered categories were used in this study 

(Table 17).  

Most children (82%) were born on time and 11% late. Furthermore, 77% of children 

were born AGA, with an almost even split of SGA and LGA-born children. One in 

four children had a rapid gain in weight between birth and the age of nine months. 

While more than half of the children were breastfed, only one fifth of children were 

breastfed for the recommended length of six months or longer. The most common 

age for children to be introduced to solid food was between four and six months 

(55%), however significant proportions of children were introduced to solid foods 

earlier (15%) or later (30%) (Table 17). Among those caregivers who had their BMI 

reported, over 50% of PCGs were normal or underweight in wave 1; however only 

30% of SCGs were. In both caregivers, proportions decreased marginally across 

waves. 

The majority of children were Irish white (67%), were in the ‘other’ group (10%), 

which constituted mainly of mixed background children, or could not be grouped 

because a SCG lived in the house but no interview had taken place and hence only 

incomplete data were available (10%). In all waves, most study children lived in 
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families with two caregivers and at least one other child; however the proportion 

increased from 55% in wave 1 to 80% in wave 3 as more children were born into 

single-child families. The proportion of single caregiver families was relatively 

stable over time. In all waves, nearly one third of children lived in families that 

belonged to the managerial and technical household class, with relatively even 

splits of families in the professional, non-manual and skilled-manual class and 

fewer families in the lower classes. The mean equivalised annual income of 

families decreased from more than EUR 21,000 in wave 1 to above EUR 18,000 in 

waves 2 and 3 (Table 17). Sub-sample analysis with families that participated in all 

waves revealed that this decrease was not due to attrition (results not shown) and 

it is likely that this occurred due to the economic recession that hit Ireland just after 

the wave 1-data were collected (391). More details on household income can be 

found in Appendix 3.5. Similarly, as can be seen in Table 17, the proportion of 

caregivers with third level education increased over time (from 44% to 48%) but 

sub-sample analysis revealed that this difference was not attributable to attrition 

(results not shown). Rather, a number of PCGs (n=368) but mostly SCGs (n=793) 

acquired third level education between the first two waves, or had no data recorded 

in wave 1 (n=131).  

Most PCGs agreed that their neighbourhood was safe in waves 1 and 2 (54% and 

52%) and most strongly agreed to this in wave 3 (58%). Similarly, most PCGs 

agreed that the neighbourhood offered green and play spaces throughout waves 

(38% to 43%) but the proportion of PCGs who strongly agreed to this increased in 

wave 3. Most children were not in a childcare arrangement throughout waves (49% 

to 61%). Of children who were in childcare regularly, more were in informal 

childcare arrangements in waves 1 and 3 and more in formal childcare in wave 2 

(Table 17). 
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Table 17: Descriptive statistics of explanatory variables: ranges, means and SD (SD) are provided for continuous variables, and median and 

interquartile ranges for skewed continuous variables. Frequencies and proportions are provided for categorical variables. 

Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

Sex 1 11,134 0   Girls 
Boys 

5,455 (48.99%) 
5,679 (51.01%) 

2 9,793 0   Girls 
Boys 

4,826 (49.28%) 
4,967 (50.72%) 

3 9,001 0   Girls 
Boys 

4,433 (49.25%) 
4,568 (50.75%) 

Number of food 
recommendations 

3 8,998 3 (0.03%) 1 - 6 3.26 (1.82)  
 

Number of 
antibiotic courses 

2 9,774 19 (0.19%) 0 - 20 1.46 (1.93) 1st quartile: 0 
Median: 1 

3rd quartile: 2 
 

3 8,986 15 (0.17%) 0 - 20 1.19 (1.82) 1st quartile: 0 
Median: 1 

3rd quartile: 2 
 

Unstructured 
physical activity 

3 8,920 81 (0.90% 1 - 6 3.80 (1.47)  
 

Sports club use 3 8,986 15 (0.17%)   Never      
twice/months 
1 hour/week 

2 hours/week  
>2 hours/week 

4,391 (48.86%) 
193 (2.15%) 

2,614 (29.09%) 
1.160 (12.91%) 

628 (6.99%) 

Daily screen time 2 9,783 10 (0.10%)   0 to <1 hour 
1 to <2 hours  

2 to < 3 hours  
3 or more 

1,397 (14.28%) 
3,627 (37.07%) 
2,807 (28.69%) 
1,952 (19.95%) 

3 8,999 2 (0.02%)   0 to <1 hour 241 (2.68%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

1 to <2 hours 
2 to <3 hours 

3 or more 

5,078 (56.43%) 
2,505 (27.84%) 
1,175 (13.06%) 

Daily sleep 
duration 

1 11,095 39 (0.27%)   <12 hours 
12 to <15 hours    

≥15 hours 

2,103 (18.95%) 
7,668 (69.11%) 
1,324 (11.93%) 

2 9,766 27 (0.27%)   <11 hours 
11 to <13 hours    

 ≥13hours 

1,154 (11.82%) 
7,285 (74.60%) 
1,327 (13.59%) 

3 8,974 27 (0.30%)   <11 hours 
11 to <12 hours    

≥12 hours 

1,767 (19.96%) 
5,118 (57.03%) 
2,089 (23.28%) 

Primary caregiver 
weight status 

1 10,595 539 (4.84%)   Normal or underweight 
Overweight 

Obese 
Missing  

5,710 (51.28%) 
3,158 (28.36%) 
1,727 (15.51%) 

539 (4.84%) 

2 9,274 519 (5.30%)   Normal or underweight 
Overweight 

Obese 
Missing 

4,726 (48.26%) 
2,893 (29.54%) 
1,655 (16.90%) 

519 (5.30%) 

3 8,418 583 (6.48%)   Normal or underweight 
Overweight 

Obese 
Missing 

4,193 (46.58%) 
2,571 (28.56%) 
1,654 (18.38%) 

583 (6.48%) 

SCG weight status 1 10,769 365 (3.28%)   Normal or underweight 
Overweight 

Obese 
No SCG interview d 

No SCG e 

2,531 (22.73%) 
4,093 (36.76%) 
1,643 (14.76%) 
1,143 (10.27%) 
1,359 (12.21%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

Missing 365 (3.28%) 

2 9,263 530 (5.41%)   Normal or underweight 
Overweight 

Obese 
No SCG interview d 

No SCG e 

Missing 

1,925 (19.66%) 
3,581 (36.57%) 
1,541 (15.74%) 

999 (10.20%) 
1,217 (12.43%) 

530 (5.41%) 

3 8,230 771 (8.57%)   Normal or underweight 
Overweight 

Obese 
No SCG interview d 

No SCG e 

Missing 

1,712 (19.02%) 
2,996 (33.29%) 
1,273 (14.14%) 
1,157 (12.86%) 
1,092 (12.13%) 

771 (8.56%) 

Gestational age 1 11,094 40 (0.36%)   Very early 
Somewhat early 

On time 
late 

148 (1.33%) 
589 (5.31%) 

9,097 (82.00%) 
1,260 (11.36%) 

2 9,759 34 (0.35%)   Very early 
Somewhat early 

On time 
late 

130 (1.33%) 
493 (5.05%) 

8,036 (82.34%) 
1,100 (11.27%) 

3 8,975 26 (0.29%)   Very early 
Somewhat early 

On time 
late 

118 (1.31%) 
447 (4.98%) 

7,390 (82.34%) 
1,020 (11.36%) 

Birth-weight-for-
gestational-age 

1 10,954 180 (1.62%)   Small 
Appropriate 

Large 
Missing 

1,070 (9.61%) 
8,508 (77.41%) 
1,376 (12.36%) 

180 (1.62%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

2 9,634 159 (1.62%)   Small 
Appropriate 

Large 
Missing 

914 (9.33%) 
7,487 (76.45%) 
1,233 (12.59%) 

159 (1.62%) 

3 8,863 138 (1.53%)   Small 
Appropriate 

Large 
Missing 

819 (9.10%) 
6,901 (76.67%) 
1,143 (12.70%) 

138 (1.53%) 

Rapid infant weight 
gain 

1 10,749 344 (3.09%)   Yes 
No 

Missing 

2,658 (24.24) 
8,091 (72.67%) 

344 (3.09%) 

2 9,508 285 (2.91%)   Yes 
No 

Missing 

2,321 (23.70%) 
7,187 (73.39%) 

285 (2.91%) 

3 8,749 252 (2.80%)   Yes 
No 

Missing 

2,119 (23.54%) 
6,630 (73.66%) 

252 (2.80%) 

Breastfeeding 
initiation and 
duration 

1 10,881 253 (2.27%)   Not breastfed 
< 3 months 

3 to < 6 months 
> 6 months 

4,621 (42.47%) 
2,860 (26.28%) 
1,247 (11.46%) 
2,153 (19.79%) 

2 9,569 224 (2.34%)   Not breastfed 
< 3 months 

3 to < 6 months 
> 6 months 

4,021 (42.02%) 
2,536 (26.50%) 
1,113 (11.63%) 
1,899 (19.85%) 

3 8,799 202 (2.24%)   Not breastfed 
< 3 months 

3 to < 6 months 
> 6 months 

3,657 (41.56%) 
2,362 (26.84%) 
1,032 (11.73%) 
1,748 (19.87%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

Timing of 
introduction to 
solid foods 

1 10,845 289 (2.60%)   < 4 months 
4 to 6 months 

> 6 months 

1,621 (14.95%) 
5,986 (55.20%) 
3,238 (29.86%) 

2 9,547 246 (2.51%)   < 4 months 
4 to 6 months 

> 6 months 

1,423 (14.91%) 
5,278 (55.28%) 
2,846 (29.81%) 

3 8,777 224 (2.49%)   < 4 months 
4 to 6 months 

> 6 months 

1,293 (14.73%) 
4,822 (54.94%) 
2,662 (30.33%) 

Household 
structure 

1 11,134 0   1 caregiver, 1 child 
 1 caregiver, > 1 child 

2 caregivers, 1 child 
 2 caregivers, > 1 child 

590 (5.30%) 
769 (6.91%) 

3,694 (33.18%) 
6,081 (54.62%) 

2 9,793 0   1 caregiver, 1 child 
 1 caregiver, > 1 child 

2 caregivers, 1 child 
 2 caregivers, > 1 child 

526 (5.37%) 
691 (7.06%) 

1,483 (15.14%) 
7,093 (72.43%) 

3 9,001 0   1 caregiver, 1 child 
 1 caregiver, > 1 child 

2 caregivers, 1 child 
 2 caregivers, > 1 child 

412 (4.58%) 
680 (7.55%) 
711 (7.90%) 

7,198 (79.97%) 

Primary caregiver 
stress 

1 11,033 1 (0.01%) 18 - 77 32.11 (6.82)   

2 9,637 156 (1.59%) 6 - 30 12.35 (4.17)   

3 8,843 158 (1.76%) 6 - 30 11.75 (4.07)   

Household class 1 11,134 0   Professional 
Managerial 

Non-manual 
Skilled manual 

Semi-skilled 

2,040 (18.32%) 
3,386 (30.41%) 
1,828 (16.42%) 
1,543 (13.86%) 

831 (7.46%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

Unskilled 
Other 

Unclassified 

189 (1.70%) 
56 (0.50%) 

1,261 (11.33%) 

2 9,793 0   Professional 
Managerial 

Non-manual 
Skilled manual 

Semi-skilled 
Unskilled 

Other 
Unclassified 

1,749 (17.86%) 
3,105 (31.71%) 
1,639 (16.74%) 
1,382 (14.11%) 

807 (8.24%) 
148 (1.51%) 

76 (0.78%) 
887 (9.06%) 

3 9,001 0   Professional 
Managerial 

Non-manual 
Skilled manual 

Semi-skilled 
Unskilled 

Other 
Unclassified 

1,604 (17.82%) 
2,974 (33.04%) 
1,492 (16.58%) 
1,217 (13.52%) 

756 (8.40%) 
106 (1.18%) 

88 (0.98%) 
764 (8.49%) 

Equivalised 
household income 

1 10,270 864 (7.76%) Not 
shown 

21.464 
(13,230) 

Lowest quintile 
2nd quintile 
3rd quintile 
4th quintile  

Highest quintile 
Missing 

2,219 (19.93%) 
1,925 (17.29%) 
1,970 (17.69%) 
2,204 (19.80%) 
1,952 (17.53%) 

864 (7.76%) 

2 9,260 533 (5.44%) Not 
shown 

18,334 
(10,682) 

Lowest quintile 
2nd quintile 
3rd quintile 
4th quintile  

1,813 (18.51%) 
1,761 (17.98%) 
1,848 (18.87%) 
1,836 (18.75%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

Highest quintile 
Missing 

2,002 (20.44%) 
533 (5.44%) 

3 8,556 445 (4.94%) Not 
shown 

18,017 
(10,799) 

Lowest quintile 
2nd quintile 
3rd quintile 
4th quintile  

Highest quintile 
Missing 

1,594 (17.71%) 
1,617 (17.96%) 
1,687 (18.74%) 
1,772 (19.69%) 
1,886 (20.95%) 

445 (4.94%) 

Highest education 
of caregiver(s) 

1 11,124 10 (0.09%)   Lower secondary 
Higher secondary 

Post-secondary 
Third level 

969 (8.71%) 
1,658 (14.90%) 
3,602 (32.37%) 
4,898 (44.02%) 

2 9,784 9 (0.09%)   Lower secondary 
Higher secondary 

Post-secondary 
Third level 

616 (6.30%) 
1,020 (10.43%) 
3,453 (35.29%) 
4,695 (47.99%) 

3 8,990 11 (0.12%)   Lower secondary 
Higher secondary 

Post-secondary 
Third level 

449 (4.99%) 
738 (8.21%) 

3,503 (38.97%) 
4,300 (47.83%) 

Ethnic background 1 11,083 51 (0.46%)   Irish 
Other white 

African 
Other black 

Chinese 
Other Asian 

Other, including mixed 
No SCG interview d 

7,423 (66.98%) 
914 (8.25%) 
265 (2.39%) 

35 (0.32%) 
29 (0.26%) 

196 (1.77%) 
1,078 (9.73%) 

1,143 (10.31%) 

2 9,756 37 (0.38%)   Irish 6,736 (69.04%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

Other white 
African 

Other black 
Chinese 

Other Asian 
Other, including mixed 

No SCG interview d 

708 (7.26%) 
214 (2.19%) 

23 (0.24%) 
11 (0.11%) 

157 (1.61%) 
937 (9.60%) 
970 (9.94%) 

3 8,966 35 (0.39%)   Irish 
Other white 

African 
Other black 

Chinese 
Other Asian 

Other, including mixed 
No SCG interview d 

6,296 (70.22%) 
588 (6.56%) 
192 (2.14%) 

23 (0.26%) 
10 (0.11%) 

139 (1.55%) 
869 (9.69%) 
849 (9.47%) 

Region 1 11,087 47 (0.42%)   Urban 
Rural 

4,942 (44.57%) 
6,145 (55.43%) 

2 9,745 48 (0.49%)   Urban 
Rural 

4,195 (43.05%) 
5,550 (56.95%) 

3 8,972 29 (0.32%)   Urban 
Rural 

3,576 (39.86%) 
5,396 (60.14%) 

Neighbourhood 
perceived as safe 

1 11,090 44 (0.40%)   Strongly agree 
Agree 

Disagree 
Strongly disagree 

2,346 (21.15%) 
5,975 (53.88%) 
2,164 (19.51%) 

605 (5.46%) 

2 9,758 35 (0.36%)   Strongly agree 
Agree 

Disagree 
Strongly disagree 

2,601 (26.66%) 
5,102 (52.29%) 
1,684 (17.26%) 

371 (3.80%) 
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Variable Wave N a Missing in 
wave (%) b 

Range Mean (SD) Categories/ 
Interquartile range 

Frequencies (%) c 

3 8,988 13 (0.14%)   Strongly agree 
Agree 

Disagree 
Strongly disagree 

5,234 (58.23%) 
3,399 (37.82%) 

281 (3.13%) 
74 (0.82%) 

Neighbourhood 
perceived to offer 
green and play 
spaces 

1 11,107 27 (0.25%)   Strongly agree 
Agree 

Disagree 
Strongly disagree 

2,527 (22.75%) 
4,791 (43.13%) 
2,249 (20.25%) 
1,540 (13.87%) 

2 9,774 19 (0.19%)   Strongly agree 
Agree 

Disagree 
Strongly disagree 

2,617 (26.78%) 
4,260 (43.59%) 
1,753 (17.94%) 
1,144 (11.70%) 

3 8,987 14 (0.16%)   Strongly agree 
Agree 

Disagree 
Strongly disagree 

3,020 (33.60%) 
3,448 (38.37%) 
1,713 (19.06%) 

806 (8.97%) 

Childcare 
arrangement 

1 11,134 0   Not in childcare 
Informal childcare 
Formal childcare 

6,714 (60.30%) 
3,198 (28.72%) 
1,222 (10.98%) 

2 9,791 2 (0.02%)   Not in childcare 
Informal childcare 
Formal childcare 

4,785 (48.87%) 
2,030 (20.73%) 
2,976 (30.40%) 

3 8,988 13 (0.14%)   Not in childcare 
Informal childcare 
Formal childcare 

5,496 (61.15%) 
2,477 (27.56%) 
1,015 (11.29%) 

N = Number 

SCG = Secondary caregiver 

BMI = Body mass index 
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Not shown = no data are provided to protect the confidentiality of families 

a This indicates the total number of families for whom valid data were available; that means missing or otherwise invalid data are excluded even if a ‘missing’ 

category was used. 

b This is in relation to the number of completed interviews in each wave, that means for information collected from the primary caregiver 100% corresponds to 

n=11,134 in wave 1, n=9,793 in wave 2 and n=9,001 in wave 3, and for information collected from the SCG, 100% corresponds to n=8,632 in wave 1, n=7,577 

in wave 2 and n=6,751 in wave 3. 

c Percentages refer to the total number of children in all categories listed, that means for variables with a ‘missing’ category, children in this category are 

included in the stated proportions, whereas for variables with no such category, percentages refer to the sum of valid values, only. 

d A SCG existed but was not interviewed in this wave. 

e This is a lone caregiver household and hence no SCG was available for inclusion in this study.
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5.4.2 Distribution of OWOB based on population characteristics  

Significant differences in the OWOB prevalence were found between children 

based on the equivalised income of the household they lived in, based on the 

children’s BWFGA, and based on the household structure in the bivariate analysis. 

Results will be presented as follows.  

 

Income 

Prevalence of under- and normal weight and prevalence of obesity differed across 

equivalised household income groups, as can be seen in Table 18 and Figures 21 

and 22. At nine months and three years of age, the prevalence of overweight 

appeared rather stable across income groups, whereas a small inverse trend was 

visible at the age of five years (Figure 21); however this was not significant (Table 

18). A similar inverse trend was seen in the prevalence of obesity across income 

groups at all ages studied (Figure 22), and most differences in prevalence were 

significant (Table 18). 

At the age of nine months, obesity levels were significantly lower in the 3rd, 4th 

and highest income quintile than in the lowest quintile. At the age of three years, 

significantly higher levels of under- and normal weight were seen in the 3rd than in 

the lowest quintile and the reverse trend was seen in obesity levels, with lower 

levels in the 3rd, 4th and highest quintile than in the lowest quintile, and 

significantly lower obesity levels in the highest compared to the 2nd quintile. Lastly, 

at the age of five years, under- and normal weight also was significantly more 

prevalent in 4th quintile than in the lowest income quintile, and significantly more 

prevalent in the highest compared to the lowest, 2nd and 3rd quintile. Obesity 

trends were reversed; they were significantly lower in the 4th compared to the 

lowest quintile, and significantly lower in the highest, compare to the lowest, 2nd 

and 3rd quintile (Table 18). No trends in overweight levels across income groups 

were seen at any of the ages.  
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Table 18: Prevalence of body mass index (BMI) status across ages, based on equivalised household income quintiles. Proportions and 95% 

Confidence Intervals (CI) are shown. 

BMI category Lowest quintile 2nd quintile 3rd quintile 4th quintile Highest quintile Missing 

BMI status at 9 months (n=10,810) 

Under- or normal weight 
% (95% CI) 
N 

56.82 (54.71 ; 58.93) 
 n=1,208 

60.01 (57.79 ; 62.23) 
 n=1,124 

60.18 (57.99 ; 62.37) 
 n=1,153 

60.62 (58.56 ; 62.68) 
 n=1,304 

59.82 (57.63 ; 62.01) 
 n=1,148 

61.45 (58.13 ; 64.77) 
 n=507 

Overweight 
% (95% CI) 
N 

29.68 (27.74 ; 31.62) 
 n=631 

27.66 (25.63 ; 29.69) 
 n=518 

29.33 (26.90 ; 31.37) 
 n=562 

28.82 (26.91 ; 30.73) 
 n=620 

29.96 (27.91 ; 32.01) 
 n=575 

27.39 (24.35 ; 30.43) 
 n=226 

Obesity 
% (95% CI) 
N 

13.5 (12.05 ; 14.95) 
 n=287 

12.33 (10.84 ; 13.82) 
 n=231 

10.49 (7.76 ; 11.86) 
 n=201 

10.55 (9.25 ; 11.85) 
 n=227 

10,21 (8.86 ; 11.56) 
 n=196 

11.15 (9.00 ; 13.30) 
 n=92 

BMI status at 3 years (n=9,422) 

Under- or normal weight 
% (95% CI) 
N 

51.40 (49.04 ; 53.76) 
 n=883 

52.75 (50.36 ; 55.14) 
 n=883 

56.30 (54.00 ; 58.60) 
 n=1,005 

56.06 (53.76 ; 58.36) 
 n=999 

55.60 (53.40 ; 57.80) 
 n=1,087 

52.56 (48.22 ; 56.90) 
 n=267 

Overweight 
% (95% CI) 
N 

31.90 (29.70 ; 34.10) 
 n=548 

32.26 (30.02 ; 34.50) 
 n=540 

31.20 (29.05 ; 33.35) 
 n=557 

31.76 (29.60 ; 33.92) 
 n=566 

32.99 (30.91 ; 35.07) 
 n=645 

32.48 (28.41 ; 36.55) 
n=165 

Obesity 
% (95% CI) 
N 

16.7 (14.94 ; 18.46) 
 n=287 

14.99 (13.28 ; 16.70) 
 n=251 

12.49 (10.96 ; 14.02) 
 n=223 

12.18 (10.66 ; 13.70) 
 n=217 

11.40 (9.99 ; 12.81) 
 n=223 

14.96 (11.86 ; 18.06) 
 n=76 

BMI status at 5 years (n=8,871) 

Under- or normal weight 
% (95% CI) 
N 

65.19 (62.81 ; 67.57) 
 n=1,002 

66.69 (64.36 ; 69.02) 
n=1,051 

67.36 (65.09 ; 69.63) 
n=1,102 

70.45 (68.31 ; 72.59) 
 n=1,230 

71.85 (69.81 ; 73.89) 
 n=1,335 

69.39 (65.02 ; 73.76) 
 n=297 

Overweight 
% (95% CI) 
N 

24.98 (22.82 ; 27.14) 
 n=384 

24.56 (22.43 ; 26.69) 
 n=387 

24.27 (22.19 ; 26.36) 
 n=397 

23.08 (21.10 ; 25.06) 
 n=403 

22.87 (20.96 ; 24.78) 
 n=425 

22.43 (18.48 ; 26.38) 
 n=96 

Obesity 
% (95% CI) 
N 

9.82 (8.33 ; 11.31) 
n=151 

8.76 (7.36 ; 10.16) 
 n=138 

8.37 (7.03 ; 9.71) 
 n=137 

6.47 (5.32 ; 7.62) 
 n=113 

5.27 (4.25 ; 6.29) 
 n=98 

8.18 (5.58 ; 10.78) 
 n=35 
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Figure 21: Prevalence of overweight (excluding obesity) across ages, based on equivalised 

household income quintiles 

Figure 22: Prevalence of obesity across ages, based on equivalised household income 

quintiles 
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Birth-weight-for-gestational-age 

As can be seen in Figure 23, children who were born SGA had much lower levels 

of overweight at each age than children born AGA or LGA. Children born LGA had 

the highest overweight levels at each age (Figure 23). A similar trend based on 

BWFGA was seen in the obesity prevalence at each age. However, differences 

between children born SGA and AGA appear smaller than those between AGA and 

LGA born children (Figure 24), whereas differences across BWFGA groups 

appeared rather similar in the overweight prevalence (Figure 23).  

Table 19 presents estimates of under- and normal weight, overweight and obesity 

at the ages of nine months, three years and five years, based on the three BWFGA 

groups. At all ages, children born SGA had significantly higher levels of under- and 

normal weight, and lower levels of overweight than children born AGA and LGA. 

Additionally, at the ages of nine months and three years, their prevalence of 

obesity was significantly lower than that of children born AGA, whereas this 

difference was not significant at the age of five years (Table 19), confirming what 

was seen in the graphs (Figures 23 and 24). Compared to children born LGA, the 

prevalence of obesity was significantly lower in children born SGA at all ages. 

Additionally, children born LGA had significantly lower levels of under- and normal 

weight than those born AGA, significantly higher prevalence of obesity at all ages 

and significantly higher prevalence of overweight at all ages except at five years 

(Table 19). 
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Table 19: Prevalence of body mass index (BMI) status across ages, based on children’s birth-weight-for-gestational-age. Proportions and 95% 

Confidence Intervals (CI) are shown. 

BMI category 
Small-for-

gestational-age 
Appropriate-for-
gestational-age 

Large-for-
gestational-age 

Missing 

BMI status at 9 months (n=10,810) 

Under- or normal weight 
% (95% CI) 
N 

70.57 (67.80 ; 73.34) 
 n=736 

59.78 (58.72 ; 60.84) 
 n=4,958 

49.70 (47.02 ; 52.38) 
 n=665 

62.96 (60.37 ; 65.55) 
 n=85 

Overweight 
% (95% CI) 
N 

21.48 (18.99 ; 23.97) 
 n=224 

29.05 (28.07 ; 30.03) 
 n=2,409 

34.83 (32.28 ; 37.38) 
 n=466 

24.44 (22.14 ; 26.74) 
n=33 

Obesity 
% (95% CI) 
N 

7.96 (6.32 ; 9.60) 
n=83 

11.13 (10.50 ; 11.86) 
 n=927 

15.47 (13.53 ; 17.41) 
 n=207 

12.59 (10.81 ; 14.37) 
 n=17 

BMI status at 3 years (n=9,422) 

Under- or normal weight 
% (95% CI) 
N 

67.99 (64.91 ; 71.07) 
 n=601 

54.73 (53.58 ; 55.88) 
 n=3,956 

41.88 (39.08 ; 44.68) 
 n=498 

57.02 (54.21 ; 59.83) 
 n=69 

Overweight 
% (95% CI) 
N 

23.76 (20.95 ; 26.57) 
 n=210 

32.33 (31.25 ; 33.41) 
 n=2,337 

37.17 (34.42 ; 39.92) 
 n=442 

26.45 (23.94 ; 28.96) 
 n=32 

Obesity 
% (95% CI) 
N 

8.26 (6.45 ; 10.07) 
 n=73 

12.93 (12.16 ; 13.70) 
 n=935 

20.94 (18.63 ; 23.25) 
 n=249 

16.53 (14.42 ; 18.64) 
 n=20 

BMI status at 5 years (n=8,871) 

Under- or normal weight 
% (95% CI) 
N 

78.32 (75.46 ; 81.18) 
 n=625 

69.51 (68.41 ; 70.61) 
 n=4,693 

55.79 (52.88 ; 58.70) 
 n=626 

66.97 (64.22 ; 69.72) 
 n=73 

Overweight 
% (95% CI) 
N 

16.67 (14.08 ; 19.26) 
 n=133 

23.43 (22.42 ; 24.44) 
 n=1,582 

31.46 (28.74 ; 34.18) 
 n=353 

22.02 (19.60 ; 24.44) 
 n=24 

Obesity 
% (95% CI) 
N 

5.01 (3.50 ; 6.52) 
 n=40 

7.06 (6.45 ; 7.67) 
 n=477 

12.75 (10.80 ; 14.70) 
 n=143 

11.01 (9.18 ; 12.84) 
 n=12 
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Figure 23: Prevalence of overweight (excluding obesity) across ages, based on children’s 

birth-weight-for-gestational-age 

Figure 24: Prevalence of obesity across ages, based on children’s birth-weight-for-

gestational-age 
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Household structure  

Prevalence of under- and normal weight, overweight and obesity was assessed at 

the ages of nine months, three years and five years, based on the household 

structure of children’s families. This was grouped into families with a lone caregiver 

and only the study child, families with a lone caregiver and two or more children, 

families with two caregivers and the study child, and families with two caregivers 

and two or more children living in the household.  Children with two caregivers 

seemed to have slightly lower levels of overweight than children with lone 

caregivers at the age of nine months and at five years, irrespective of whether 

other children lived in the household (Figure 25). Furthermore, at nine months of 

age, children with a lone caregiver and one or more other children in the household 

seemed to have the highest obesity prevalence. At the age of three years, 

prevalence of obesity was high in lone caregiver households irrespective of the 

number of children. Finally, at the age of five years, obesity levels seemed similar 

in all households except those with two caregivers and two or more children, in 

which lower obesity numbers were observed (Figure 26). 

At the age of nine months, prevalence of under- and normal weight was 

significantly lower in families with a lone caregiver and two or more children, 

compared to families with two caregivers, irrespective of the number of children. In 

turn, prevalence of obesity was higher in children with a lone caregiver and no 

other child in the household, compared to those children who lived with two 

caregivers and with or without children. No significant differences were seen in the 

prevalence of overweight. At the age of three years, a similar trend was seen like 

at nine months, however none of the differences was significant. When the children 

were five years old, their prevalence of under- and normal weight was significantly 

lower if they lived together with one caregiver and no other children in the 

household, compared to those children who lived in households with two 

caregivers and at least one other child. Children’s obesity levels were significantly 

higher in households with two caregivers and only the study child than in those with 

two caregivers and two or more children in the household (Table 20).  
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Table 20: Prevalence of body mass index (BMI) status across ages, based on household structure. Proportions and 95% Confidence Intervals 

(CI) are shown. 

BMI category 
Lone caregiver, one 

child 
Lone caregiver, two or 

more children 
Two caregivers, one 

child 
Two caregivers, two or 

more children 

BMI status at 9 months (n=10,810) 

Under- or normal weight 
% (95% CI) 
N 

57.24 (53.19 ; 61.29)  
n=328 

52.54 (48.91 ; 56.17)  
n=382 

60.84 (59.25 ; 62.43)  
n=2,198 

59.96 (58.71 ; 61.21)  
n=3,537 

Overweight 
% (95% CI) 
N 

31.24 (27.45 ; 35.03)  
n=179 

31.77 (28.39 ; 35.15)  
n=132 

28.86 (27.38 ; 30.34)  
n=1,042 

28.48 (27.33 ; 29.63)  
n=1,680 

Obesity 
% (95% CI) 
N 

11.52 (8.9 ; 14.13)  
n=66 

15.68 (13.04 ; 18.32)  
n=114 

10.30 (9.31 ; 11.29)  
n=372 

11.56 (10.74 ; 12.38)  
n=682 

BMI status at 3 years (n=9,422) 

Under- or normal weight 
% (95% CI) 
N 

51.38 (47.03 ; 55.73)  
n=260 

51.22 (47.39 ; 55.05)  
n=335 

55.18 (52.58 ; 57.78)  
n=777 

54.74 (53.56 ; 55.92)  
n=3,752 

Overweight 
% (95% CI) 
N 

33.79 (29.67 ; 37.91)  
n=171 

32.11 (28.53 ; 35.69) 
 n=210 

31.96 (29.52 ; 34.40) 
 n=450 

31.95 (30.85 ; 33.05)  
n=2,190 

Obesity 
% (95% CI) 
N 

14.82 (11.72 ; 17.92)  
n=75 

16.67 (13.81 ; 19.53)  
n=109 

12.86 (11.11 ; 14.61)  
n=181 

13.31 (12.51 ; 14.11)  
n=912 

BMI status at 5 years (n=8,871) 

Under- or normal weight 
% (95% CI) 
N 

64.53 (59.88 ; 69.18)  
n=262 

64.3 (60.61 ; 67.99)  
n=416 

67.78 (64.28 ; 71.28)  
n=465 

69.21 (68.13 ; 70.29)  
n=4,874 

Overweight 
% (95% CI) 
N 

26.35 (22.06 ; 30.64)  
n=107 

25.97 (22.59 ; 29.35) 
 n=168 

22.16 (19.05 ; 25.27)  
n=152 

23.64 (22.65 ; 24.63)  
n=1,665 

Obesity 
% (95% CI) 
N 

9.11 (6.31 ; 11.91)  
n=37 

9.74 (7.46 ; 12.02)  
n=63 

10.06 (7.81 ; 12.31)  
n=69 

7.14 (6.54 ; 7.74)  
n=503 
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Figure 25: Prevalence of overweight (excluding obesity) across ages, based on household 

structure 

 

Figure 26: Prevalence of obesity across ages, based on household structure 
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5.4.3 Cross-sectional models 

Indications for biological, material and psychosocial associations with OWOB were 

seen in the univariate analysis (Section 5.4.2), and more explanatory variables 

were included in the cross-sectional analysis to investigate Hypotheses 2-4. Table 

21 presents the odds ratios of OWOB (BMI ≥ 1SD) at the ages of nine months, 

three years and five years individually, based on the various explanatory variables, 

and Table 22 shows associations between obesity (BMI ≥ 2SD) and explanatory 

variables, accordingly. All models were adjusted for the same explanatory 

variables, except for a number of lifestyle variables that were not applicable to 

children at the younger ages. Furthermore, at the ages of three and five years, the 

models were adjusted for previous weight status of children. Overall, more risk and 

protective factors were identified with increasing age, both in the OWOB and in the 

obesity models. The main findings are presented as follows, according to the levels 

of the SEM.  

 

Individual level 

On the individual level, girls were significantly associated with higher odds of 

OWOB at the age of nine months. Daily sleep duration was not significant and 

other variables on the individual level were not assessed at this age. Furthermore, 

no association with obesity was observed. 

In contrast, at the age of three years, girls were associated with lower odds of 

OWOB. Furthermore, previous overweight or obesity status was associated with 

significantly higher odds of both OWOB and obesity, compared to children who had 

under- or normal weight when they were nine months old. Notably, the risk of 

obesity at three years was nearly 42 times higher if children had been obese at the 

age of nine months. Children were furthermore significantly more likely to have 

OWOB at three years if they slept little, compared to children with normal sleep, 

and they were significantly less likely to be obese if they watched no TV or less 

than one hour daily, compared to children who watched TV between one and less 

than two hours daily.  
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Also at the age of five years, previous overweight or obesity status, compared to 

under- or normal weight, was associated with significantly higher odds of OWOB, 

and of obesity. The highest odds ratio was seen between children who were obese 

at three years, who had a nearly 39 times higher chance of being obese at five 

years than children who were under- or normal weight at three years. Furthermore, 

short sleep was significantly associated with higher odds of OWOB, and long sleep 

with lower odds of obesity at five years, compared to normal sleeping hours. 

Additionally, the odds of obesity were significantly higher in children who spent 

three hours or more per day using screens, and it was significantly lower if they 

spent no screen time or less than one hour, compared to children who had 

between one and less than two hours of screen time daily. Lastly, the more 

antibiotic doses children had taken in the twelve months preceding the interview, 

the higher the odds of obesity at the age of five years. No associations with dietary 

intake or physical activity were seen for either OWOB or obesity. 

 

Family level 

Most risk and protective factors identified on this level are related to birth outcomes 

and early infant feeding. At the age of nine months, children born late had 

significantly higher odds of OWOB and of obesity compared to term children, 

whereas the risk of OWOB and of obesity were significantly lower in children born 

very early or early. Furthermore, children born LGA had significantly higher odds of 

OWOB and of obesity than AGA children, and those born SGA had significantly 

lower odds of both. Rapid infant weight gain was associated with significantly 

higher risk of OWOB and obesity than non-rapid infant weight gain. The risk of 

OWOB was additionally significantly higher in children whose PCG was obese, 

compared to under- or normal weight PCGs, and in those children who were in 

informal childcare arrangements at nine months, compared to those not in a 

permanent care arrangement. The risk of obesity was significantly lower in single 

children with one caregiver, compared to children who lived in a household with 

two caregivers and at least one other child. 
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At the age of three years, similar relationships were observed like at nine months, 

in addition to associations seen with the caregiver weight status. Significantly 

increased odds of OWOB and obesity were as well seen in children born LGA and 

in those with rapid infant weight gain, and significantly lower odds were seen in 

children born SGA and those born early, compared to the reference groups. Very 

early birth and late birth, however, were only significantly associated with lower and 

higher odds of OWOB, respectively, but they were not associated with obesity. 

Additionally, weight status of the PCG and SCG were significantly associated with 

OWOB and obesity at three years. Compared to children with an under- or normal 

weight PCG, those with an overweight PCG had higher odds of obesity, and those 

with an obese PCG had higher odds of OWOB and of obesity. In SCGs, compared 

to under- and normal weight, overweight status and obesity status both were 

related to higher odds of OWOB and of obesity in children. Household type also 

was related to children’s weight status. Single children with one caregiver had 

significantly higher odds of OWOB, and children in households with one caregiver 

and two or more children had significantly higher odds of obesity, compared to 

children who lived in households with two caregivers and two or more children. 

Lastly, at three years of age, children were significantly more likely to have OWOB 

if they were in an informal childcare arrangement, compared to children who were 

not permanently in childcare. 

Risk and protective factors seen on the family level at the ages of nine months and 

three years were partly also associated with weight status at the age of five years. 

Children born LGA and those with rapid infant weight gain were still at a 

significantly increased risk of OWOB and obesity when they were five years old. 

Children born SGA, very early or early still had significantly lower odds of OWOB, 

but not of obesity. Additionally, the odds of OWOB were significantly higher if 

children were introduced to solid food before the age of four months, compared to 

children who started eating solid food between the ages of four and six months. 

The odds of obesity were significantly lower if children were breastfed for six 

months or longer, compared to children who were not breastfed at all. PCG and 

SCG weight status were significantly related to children’s weight status also at the 

age of five years. PCG overweight and obesity status both were significantly 

associated with higher odds of OWOB and obesity in children, compared to 
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children with an under- or normal weight PCG. Obesity in the SCG was associated 

with significantly higher odds of OWOB and of obesity, whereas overweight was 

only associated with higher OWOB odds, compared to under- or normal weight 

status of the SCG. Lastly, children with a lone caregiver had significantly higher 

odds of OWOB irrespective of whether other children lived in the household or not, 

compared to children who lived in a household with two caregivers and two or 

more children. 

 

Community, demographic and societal level 

A number of children had altered odds of OWOB or obesity depending on a 

number of community, demographic and societal characteristics. At the age of nine 

months, children who lived in families not grouped into a social class had 

significantly higher odds of OWOB and of obesity, compared to children whose 

families were in the managerial and technical class. Furthermore, compared to 

white children with Irish ethnic background, children with non-Irish white 

background had significantly lower odds of obesity and children with Asian 

(excluding Chinese) background had significantly lower odds of OWOB at the age 

of nine months. 

When the children were three years old, children with non-Irish white background 

had significantly lower odds of OWOB, compared to those with Irish white 

background. Children in the ‘other’ ethnic background group, which includes 

children with mixed ethnic background, were significantly less likely to be obese at 

three years. 

At the age of five years, children with African or with Asian, non-Chinese ethnic 

background were significantly more likely to have OWOB or obesity than children 

with Irish white background, and children with other black background (excluding 

African) were significantly less likely to have OWOB. A significantly higher risk of 

obesity also was seen in children with Chinese ethnic background, however the 

small sample size of children in this group and the resulting large measurement 

error need to be noted as they likely affected the precision of this estimate. 
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Furthermore, when the children were five years old, caregiver education was 

associated with OWOB. Compared to third level education, children whose 

caregivers had post-secondary education had significantly higher odds of OWOB. 

Additionally, the odds of OWOB were significantly lower if children’s families were 

in the lowest income quintile, compared to the highest. Lastly, neighbourhood 

characteristics were associated with OWOB and obesity at five years. Children 

were significantly more likely to have OWOB if their PCG disagreed that they were 

living in a safe neighbourhood, compared to children whose PCG perceived the 

neighbourhood as safe (‘agree’). Furthermore, compared to PCGs who perceived 

the neighbourhood as safe, children with PCGs who agreed strongly that the 

neighbourhood was safe had significantly higher odds of obesity. Lower odds of 

OWOB were seen in children if their PCG perceived the neighbourhood to offer 

insufficient green and play spaces (‘disagree’), compare to PCGs who found the 

availability sufficient (‘agree’). Also, children were significantly less likely to have 

OWOB if they lived in urban, compared to rural regions.  
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Table 21: Logistic regression model showing odds ratios (OR) of overweight and obesity prevalence at nine months, three years and five years 

of age. Overweight and obesity were defined as a body mass index (BMI) ≥ 1 standard deviation (SD) based on the World Health Organization 

growth reference. Point estimates and 95% confidence interval (CI) are shown. 

 Overweight and obesity (BMI ≥ +1SD) b 

Model components 
OR (95% CI) 

at age nine months 
OR (95% CI) 

at age three years 
OR (95% CI) 

at age five years 

Number  10,048 8,521 7,601 
Constant 0.37 (0.28 ; 0.48)*** 0.32 (0.23 ; 0.43)*** 0.05 (0.03 ; 0.08)*** 
BMI status at previous measurement (under- or normal 
weight) a 

  
 

Overweight ( BMI ≥ +1SD < +2SD) b N.A. 3.24 (2.86 ; 3.67)*** 7.08 (6.03 ; 8.31)*** 
Obese ( BMI ≥ +2SD) b N.A. 8.38 (6.66 ; 10.55)*** 41.61 (32.72; 52.91)*** 

Sex (boys)a    

Girls 1.21 (1.10 ; 1.35)*** 0.87 (0.78 ; 0.98)* 0.89 (0.77 ; 8.31) 
Household class (managerial and technical) a    

Professional 1.02 (0.88 ; 1.17) 0.87 (0.74 ; 1.03) 1.10 (0.89 ; 1.35) 
Non-manual 1.03 (0.88 ; 1.21) 1.05 (0.88 ; 1.24) 0.84 (0.67 ; 1.05) 
Skilled manual 1.04 (0.87 ; 1.25) 0.96 (0.78 ; 1.18) 1.04 (0.80 ; 1.34) 
Semi-skilled 0.94 (0.74 ; 1.19) 0.95 (0.73 ; 1.24) 1.18 (0.86 ; 1.62) 
Unskilled 1.31 (0.83 ; 2.05) 0.93 (0.54 ; 1.58) 0.99 (0.54 ; 1.79) 
Other 0.67 (0.18 ; 2.42) 1.24 (0.58 ; 2.66) 1.69 (0.78 ; 3.65) 
Unclassified 1.39 (1.04 ; 1.86) 0.93 (0.68 ; 1.27) 1.04 (0.69 ; 1.56) 

Ethnic background (Irish white)a    
Any other white background 0.82 (0.65 ; 1.04) 0.69 (0.53 ; 0.91)** 1.42 (0.98 ; 2.06) 
African 0.74 (0.51 ; 1.09) 1.33 (0.82 ; 2.15) 1.76 (1.04 ; 2.98)* 
Any other Black background 1.22 (0.49 ; 3.04) 1.06 (0.25 ; 4.49) 0.26 (0.07 ; 0.96)* 
Chinese 0.95 (0.38 ; 2.38) 2.35 (0.50 ; 11.01) 0.77 (0.10 ; 5.68) 
Any other Asian background 0.51 (0.33 ; 0.78)** 1.21 (0.76 ; 1.93) 2.38 (1.33 ; 4.28)** 
Other, including mixed background 0.94 (0.79 ; 1.13) 0.86 (0.71 ; 1.05) 0.97 (0.75 ; 1.25) 
No secondary caregiver data 1.04 (0.85 ; 1.27) 1.17 (0.95 ; 1.43) 0.84 (0.65 ; 1.09) 

Equivalised household income (highest quintile)a    
Lowest quintile 1.14 (0.92 ; 1.41) 1.12 (0.90 ; 1.41) 0.71 (0.53 ; 0.96)* 
2nd quintile 1.03 (0.85 ; 1.25) 1.20 (0.97 ; 1.49) 0.93 (0.71 ; 1.21) 
3rd quintile 1.05 (0.88 ; 1.26) 0.92 (0.76 ; 1.12) 1.01 (0.79 ; 1.29) 
4th quintile 1.02 (0.87 ; 1.20) 0.97 (0.82 ; 1.15) 0.90 (0.72 ; 1.11) 
Missing 0.98 (0.77 ; 1.25) 1.10 (0.82 ; 1.46) 0.65 (0.45 ; 0.94)* 
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 Overweight and obesity (BMI ≥ +1SD) b 

Model components 
OR (95% CI) 

at age nine months 
OR (95% CI) 

at age three years 
OR (95% CI) 

at age five years 

Highest education of caregivers (ref. third level)    
Lower secondary education or less 0.92 (0.75 ; 1.14) 1.08 (0.82 ; 1.43) 1.52 (1.00 ; 2.32) 
Higher secondary education 0.99 (0.84 ; 1.15) 1.01 (0.81 ; 1.25) 1.31 (0.98 ; 1.75) 
Post-secondary education 0.97 (0.85 ; 1.10) 0.92 (0.79 ; 1.06) 1.22 (1.01 ; 1.47)* 

Region (rural)a    

Urban 0.99 (0.88 ; 1.10) 0.90 (0.80 ; 1.02) 0.77 (0.66 ; 090)*** 

Household structure (Two caregivers, two or more children )a    
Lone caregiver, one child 0.89 (0.66 ; 1.20) 1.45 (1.06 ; 2.00)* 1.66 (1.09 ; 2.54)* 
Lone caregiver, two or more children 1.12 (0.82 ; 1.54) 1.14 (0.81 ; 1.60) 1.96 (1.31 ; 2.92)** 
Two caregivers, one child 0.96 (0.85 ; 1.08) 0.98 (0.83 ; 1.15) 1.04 (0.78 ; 1.38) 

Neighbourhood perceived  to offer green and play spaces  
(agree) a 

  
 

Strongly agree 1.02 (0.88 ; 1.17) 1.08 (0.93 ; 1.26) 0.97 (0.81 ; 1.17) 
Disagree 1.01 (0.88 ; 1.17) 0.98 (0.84 ; 1.14) 0.81 (0.66 ; 0.99)* 
Strongly disagree 0.95 (0.81 ; 1.12) 0.92 (0.76 ; 1.11) 1.24 (0.95 ; 1.61) 

Neighbourhood perceived as safe (agree) a    
Strongly agree 1.01 (0.88 ; 1.16) 1.01 (0.87 ; 1.17) 1.03 (0.87 ; 1.21) 
Disagree 0.94 (0.82 ; 1.08) 1.02 (0.88 ; 1.19) 1.54 (1.01 ; 2.34)* 
Strongly disagree 0.79 (0.62 ; 1.02) 1.07 (0.79 ; 1.45) 1.17 (0.41 ; 3.36) 

Gestational age at birth (on time)a    
Very early 0.11 (0.06 ; 0.19)*** 0.39 (0.23 ; 0.65)*** 0.45 (0.24 ; 0.85)* 
Somewhat early 0.26 (0.20 ; 0.34)*** 0.60 (0.45 ; 0.79)*** 0.64 (0.43 ; 0.95)* 
Late 1.32 (1.13 ; 1.56)** 1.22 (1.02 ; 1.46)* 1.21 (0.98 ; 1.49) 

Birth-weight-for-gestational-age (appropriate)a    
Small-for-gestational-age 0.28 (0.23 ; 0.35)*** 0.47 (0.38 ; 0.58)*** 0.64 (0.48 ; 0.87)** 
Large-for-gestational-age 2.10 (1.81 ; 2.44)*** 1.63 (1.37 ; 1.93)*** 1.61 (1.31 ; 1.96)*** 
Missing 0.20 (0.13 ; 0.32)*** 0.63 (0.38 ; 1.03) 0.69 (0.40 ; 1.20) 

Breastfeeding duration (not breastfed)a    
Less than three months 0.95 (0.83 ; 1.08) 0.99 (0.86 ; 1.14) 1.10 (0.92 ; 1.31) 
Three to under six months 1.06 (0.89 ; 1.26) 1.09 (0.90 ; 1.32) 0.92 (0.72 ; 1.16) 
Six months or more 0.88 (0.75 ; 1.03) 1.03 (0.87 ; 1.23) 0.94 (0.75 ; 1.17) 

Introduction of solid food ( between age four and under six 
months)a 

  
 

Before age four months 1.08 (0.93 ; 1.26) 0.91 (0.77 ; 1.07) 1.39 (1.13 ; 1.70)** 
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 Overweight and obesity (BMI ≥ +1SD) b 

Model components 
OR (95% CI) 

at age nine months 
OR (95% CI) 

at age three years 
OR (95% CI) 

at age five years 

After age six months or later 0.98 (0.87 ; 1.11) 0.97 (0.85 ; 1/11) 1.10 (0.92 ; 1.30) 
Rapid infant weight gain (no rapid weight gain)a    

Rapid weight gain 7.37 (6.41 ; 8.49)*** 2.01 (1.71 ; 2.36)*** 1.87 (1.55 ; 2.24)*** 
Missing    

BMI status of the primary caregiver (normal/ underweight)a    
Overweight 1.08 (0.96 ; 1.22) 1.14 (1.00 ; 1.30) 1.64 (1.39 ; 1.93)*** 
Obese 1.23 (1.06 ; 1.42)** 1.55 (1.31 ; 1.83)*** 2.01 (1.64 ; 2.46)*** 
Missing 1.33 (0.99 ; 1.79) 1.49 (1.13 ; 1.95)** 2.30 (1.59 ; 3.31)*** 

BMI status of the secondary caregiver (normal/ underweight)a    
Overweight 0.99 (0.87 ; 1.13) 1.23 (1.05 ; 1.44)* 1.32 (1.07 ; 1.62)* 
Obese 1.16 (0.98 ; 1.37) 1.74 (1.44 ; 2.11)*** 2.00 (1.57 ; 2.56)*** 
No secondary caregiver interview omitted 1.01 (0.79 ; 1.29) 1.70 (1.28 ; 2.26)*** 
Missing 0.92 (0.66 ; 1.29) 1.33 (1.00 ; 1.76) 1.71 (1.20 ; 2.46)** 

Primary caregiver stress    
Continuous score 1.00 (0.99 ; 1.01) 1.01 (0.99 ; 1.02) 1.01 (0.99 ; 1.03) 

Childcare (no childcare arrangement)a    
Informal childcare 1.15 (1.01 ; 1.30)* 1.20 (1.02 ; 1.40))* 1.00 (0.83 ; 1.19) 
Formal childcare 1.15 (0.97 ; 1.37) 1.05 (0.91 ; 1.21) 1.03 (0.80 ; 1.33) 

Daily sleep duration (normal sleep)a    
Short sleep 0.95 (0.83 ; 1.09) 1.26 (1.07 ; 1.49)** 1.23 (1.02 ; 1.48)* 
Long sleep 0.95 (0.81 ; 1.11) 0.94 (0.78 ; 1.11) 0.91 (0.75 ; 1.09) 

Food recommendations met N.A. N.A. 1.01 (0.93 ; 1.09) 
Antibiotic doses in the past 12 months N.A. 1.02 (1.00 ; 1.06) 1.03 (0.99 ; 1.07) 
Frequency of unstructured physical activity N.A. N.A. 1.02 (0.97 ; 1.07) 
Sports club use (never)a    

Twice a month N.A. N.A. 0.90 (0.52 ; 1.53) 
One hour per week N.A. N.A. 1.09 (0.91 ; 1.30) 
Two hours per week N.A. N.A. 1.17 (0.94 ; 1.45) 
More than two hours per week N.A. N.A. 1.08 (0.82 ; 1.41) 
Missing N.A. N.A. 2.99 (0.71 ; 12.64) 

Daily screen time (one to less than two hours)a    
None to less than one hour N.A. 1.01 (0.85 ; 1.20) 0.70 (0.44 ; 1.10) 
Two to less than three hours N.A. 1.01 (0.88 ; 1.16) 0.98 (0.83 ; 1.15) 
Three hours or more N.A. 1.13 (0.96 ; 1.33) 1.19 (0.95 ; 1.51) 
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a = reference group 

b = The 1SD threshold is used to define overweight in children based on the WHO growth reference. In children below five years of age, this threshold 

corresponds to the category of ‘risk of overweight’ based on the WHO growth standard. Additionally, the 2SD threshold is used to define obesity based on the 

WHO growth reference, but this threshold defines overweight (including obesity) in the WHO growth standard. For this analysis, the WHO growth reference 

classification was used to define overweight and obesity for consistency across ages. 

N.A. = not applicable, no information was recorded for this variable at this age 

* P<0.05  

** P<0.01  

*** P<0.001 
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Table 22: Logistic regression model showing odds ratios (OR) of obesity prevalence at nine months, three years and five years of age. Obesity 

was defined as a body mass index (BMI) ≥ 2 standard deviation (SD) based on the World Health Organization growth reference. Point 

estimates and 95% Confidence Intervals (CI) are shown.  

 Obesity (BMI ≥ +2SD) b 

Model components 
OR (95% CI) at age nine 

months 
OR (95% CI) 

at age three years 
OR (95% CI) 

at age five years 

Number  10,048 8,521 7,601 
Constant 0.06 (0.04 ; 0.09)*** 0.04 (0.02 ; 0.06)*** 0.002 (0.001 ; 0.005)*** 
BMI status at previous measurement (under- or normal 
weight) a 

  
 

Overweight ( BMI ≥ +1SD < +2SD) b N.A. 2.72 (2.25 ; 3.28)*** 5.70 (3.92 ; 8.30)*** 
Obese ( BMI ≥ +2SD) b N.A. 6.97 (5.52 ; 8.82)*** 38.69 (26.60; 56.26)*** 

Sex (boys)a    

Girls 1.14 (0.97 ; 1.34) 0.90 (0.77 ; 1.06) 0.86 (0.68 ; 1.10) 
Household class (managerial and technical) a    

Professional 0.93 (0.74 ; 1.17) 0.97 (0.76 ; 1.23) 1.33 (0.93 ; 1.91) 
Non-manual 0.84 (0.66 ; 1.08) 0.89 (0.69 ; 1.15) 1.20 (0.84 ; 1.71) 
Skilled manual 0.83 (0.62 ; 1.10) 1.14 (0.86 ; 1.51) 1.38 (0.91 ; 2.08) 
Semi-skilled 0.85 (0.58 ; 1.23) 0.90 (0.63 ; 1.26) 1.17 (0.73 ; 1.87) 
Unskilled 0.96 (0.51 ; 1.80) 1.10 (0.57 ; 2.10) 1.51 (0.57 ; 4.03) 
Other 1.32 (0.30 ; 5.78) 0.94 (0.35 ; 2.50) 1.33 (0.23 ; 7.86) 
Unclassified 1.19 (0.77 ; 1.84) 1.07 (0.68 ; 1.67) 1.60 (0.89 ; 2.88) 

Ethnic background (Irish white)a    
Any other white background 0.64 (0.42 ; 0.97)* 1.03 (0.69 ; 1.55) 0.88 (0.40 ; 1.93) 
African 1.18 (0.69 ; 2.01) 0.91 (0.47 ; 1.73) 3.39 (1.69 ; 6.80)** 
Any other Black background 1.20 (0.29 ; 4.94) 0.43 (0.13 ; 1.47) Omitted 
Chinese 0.74 (0.10 ; 5.24) 1.09 (0.06 ; 18.81) 8.86 (1.45 ; 54.26)* 
Any other Asian background 0.84 (0.42 ; 1.66) 1.28 (0.65 ; 2.49) 4.08 (1.74 ; 9.57)** 
Other, including mixed background 0.79 (0.59 ; 1.06) 0.70 (0.51 ; 0.96)* 1.09 (0.68 ; 1.74) 
No secondary caregiver data 0.87 (0.63 ; 1.19) 1.04 (0.78 ; 1.39) 0.65 (0.42 ; 1.01) 

Equivalised household income (highest quintile)a    
Lowest quintile 1.25 (0.91 ; 1.72) 1.35 (0.98 ; 1.85) 1.03 (0.63 ; 1.67) 
2nd quintile 1.21 (0.90 ; 1.63) 1.13 (0.84 ; 1.52) 1.16 (0.74 ; 1.80) 
3rd quintile 1.00 (0.76 ; 1.33) 1.01 (0.77 ; 1.33) 1.19 (0.80 ; 1.77) 
4th quintile 1.04 (0.81 ; 1.34) 1.06 (0.82 ; 1.36) 1.23 (0.85 ; 1.78) 
Missing 1.26 (0.87 ; 1.81) 0.91 (0.60 ; 1.37) 1.30 (0.74 ; 2.31) 
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 Obesity (BMI ≥ +2SD) b 

Model components 
OR (95% CI) at age nine 

months 
OR (95% CI) 

at age three years 
OR (95% CI) 

at age five years 

Highest education of caregivers (ref. third level)    
Lower secondary education or less 0.96 (0.69 ; 1.33) 1.13 (0.79 ; 1.61) 1.26 (0.70 ; 2.30) 
Higher secondary education 1.00 (0.78 ; 1.28) 0.94 (0.70 ; 1.26) 1.19 (0.78 ; 1.83) 
Post-secondary education 0.87 (0.71 ; 1.06 0.92 (0.75 ; 1.13) 1.07 (0.78 ; 1.46) 

Region (rural)a    

Urban 0.94 (0.79 ; 1.11) 0.87 (0.73 ; 1.04) 1.22 (0.95 ; 1.56) 
Household structure (Two caregivers, two or more children )a    

Lone caregiver, one child 0.65 (0.42 ; 0.98)* 1.43 (0.92 ; 2.24) 1.45 (0.75 ; 2.82) 
Lone caregiver, two or more children 0.92 (0.57 ; 1.47) 1.29 (0.81 ; 2.05) 1.44 (0.78 ; 2.63) 
Two caregivers, one child 0.88 (0.73 ; 1.06) 0.99 (0.78 ; 1.26) 1.33 (0.88 ; 2.01) 

Neighbourhood perceived  to offer green and play spaces  
(agree) a 

  
 

Strongly agree 0.99 (0.79 ; 1.24) 0.99 (0.80 ; 1.23) 0.91 (0.67 ; 1.22) 
Disagree 1.11 (0.90 ; 1.37) 1.05 (0.84 ; 1.31) 0.90 (0.66 ; 1.24) 
Strongly disagree 0.90 (0.70 ; 1.15) 1.08 (0.83 ; 1.41) 0.87 (0.56 ; 1.34) 

Neighbourhood perceived as safe (agree) a    
Strongly agree 1.17 (0.94 ; 1.46) 1.03 (0.83 ; 1.27) 1.40 (1.06 ; 1.83)* 
Disagree 1.04 (0.84 ; 1.28) 1.05 (0.84 ; 1.30) 0.97 (0.47 ; 2.00) 
Strongly disagree 0.76 (0.51 ; 1.13) 1.23 (0.82 ; 1.82) 3.02 (0.88 ; 10.33) 

Gestational age at birth (on time)a    
Very early 0.08 (0.02 ; 0.30)*** 0.45 (0.17 ; 1.16) 0.33 (0.10 ; 1.15) 
Somewhat early 0.24 (0.16 ; 0.36)*** 0.60 (0.39 ; 0.90)* 0.71 (0.40 ; 1.28) 
Late 1.34 (1.05 ; 1.71)* 1.17 (0.92 ; 1.49) 1.20 (0.86 ; 1.67) 

Birth-weight-for-gestational-age (appropriate)a    
Small-for-gestational-age 0.31 (0.23 ; 0.42)*** 0.64 (0.45 ; 0.90)* 0.91 (0.54 ; 1.52) 
Large-for-gestational-age 3.07 (2.45 ; 3.84)*** 1.84 (1.49 ; 2.28)*** 1.74 (1.29 ; 2.34)*** 
Missing 0.36 (0.19 ; 0.66)** 0.97 (0.49 ; 1.92) 0.60 (0.22 ; 1.64) 

Breastfeeding duration (not breastfed)a    
Less than three months 0.92 (0.76 ; 1.12) 0.82 (0.67 ; 1.01) 0.82 (0.62 ; 1.10) 
Three to under six months 0.90 (0.67 ; 1.21) 0.89 (0.67 ; 1.19) 0.95 (0.62 ; 1.46) 
Six months or more 0.79 (0.62 ; 1.02) 1.02 (0.79 ; 1.33) 0.57 (0.39 ; 0.85)** 

Introduction of solid food ( between age four and under six 
months)a 

  
 

Before age four months 1.16 (0.96 ; 1.45) 0.94 (0.75 ; 1.17) 0.84 (0.60 ; 1.18) 
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 Obesity (BMI ≥ +2SD) b 

Model components 
OR (95% CI) at age nine 

months 
OR (95% CI) 

at age three years 
OR (95% CI) 

at age five years 

After age six months or later 0.99 (0.82 ; 1.21 0.91 (0.75 ; 1.11) 1.11 (0.85 ; 1.45) 
Rapid infant weight gain (no rapid weight gain)a    

Rapid weight gain 11.20 (9.33 ; 13.46)*** 2.14 (1.75 ; 2.62)*** 1.42 (1.08 ; 1.86)* 
Missing    

BMI status of the primary caregiver (normal/ underweight)a    
Overweight 1.09 (0.91 ; 1.32) 1.35 (1.12 ; 1.63)** 1.49 (1.12 ; 1.99)** 
Obese 1.23 (0.98 ; 1.54) 2.02 (1.62 ; 2.53)*** 2.43 (1.80 ; 3.26)*** 
Missing 0.93 (0.60 ; 1.44) 1.74 (1.23 ; 2.46)** 1.96 (1.11 ; 3.47)* 

BMI status of the secondary caregiver (normal/ underweight)a    
Overweight 0.83 (0.67 ; 1.03) 1.31 (1.03 ; 1.66)* 1.45 (0.98 ; 2.15) 
Obese 0.89 (0.69 ; 1.16) 1.86 (1.42 ; 2.44)*** 2.67 (1.76 ; 4.05)*** 
No secondary caregiver interview Omitted 1.32 (1.03 ; 2.02)* 3.04 (1.05 ; 2.86)* 
Missing 0.86 (0.52 ; 1.42) 1.32 (0.88 ; 1.99) 3.04 (1.70 ; 5.42)*** 

Primary caregiver stress    
Continuous score 0.99 (0.98 ; 1.01) 1.01 (0.99 ; 1.03) 1.00 (0.97 ; 1.03) 

Childcare (no childcare arrangement)a    
Informal childcare 1.10 (0.91 ; 1.33) 1.05 (0.84 ; 1.31) 1.27 (0.95 ; 1.69) 
Formal childcare 1.00 (0.75 ; 1.34) 0.97 (0.79 ; 1.19) 1.24 (0.83 ; 1.85) 

Daily sleep duration (normal sleep)a    
Short sleep 1.14 (0.94 ; 1.40) 1.20 (0.94 ; 1.54) 1.13 (0.84 ; 1.51) 
Long sleep 0.79 (0.60 ; 1.03) 1.01 (0.79 ; 1.29) 0.66 (0.49 ; 0.90)** 

Food recommendations met N.A. N.A. 1.03 (0.91 ; 1.16) 

Antibiotic doses in the past 12 months N.A. 1.03 (0.98 ; 1.07) 1.10 (1.04 ; 1.16)** 
Frequency of unstructured physical activity N.A. N.A. 1.06 (0.98 ; 1.16) 
Sports club use (never)a    

Twice a month N.A. N.A. 0.97 (0.40 ; 2.35) 
One hour per week N.A. N.A. 1.04 (0.78 ; 1.38) 
Two hours per week N.A. N.A. 1.15 (0.79 ; 1.68) 
More than two hours per week N.A. N.A. 1.03 (0.66 ; 1.61) 
Missing N.A. N.A. Omitted 

Daily screen time (one to less than two hours)a    
None to less than one hour N.A. 0.89 (0.69 ; 1.15) 0.35 (0.14 ; 0.83)* 
Two to less than three hours N.A. 0.98 (0.80 ; 1.19) 1.25 (0.95 ; 1.64) 
Three hours or more N.A. 1.21 (0.97 ; 1.51) 1.89 (1.35 ; 2.64)*** 
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a = reference group 

b = The +1SD threshold is used to define overweight in children based on the WHO growth reference. In children below five years of age, this threshold 

corresponds to the category of ‘risk of overweight’ based on the WHO growth standard. Additionally, the +2SD threshold is used to define obesity based on 

the WHO growth reference, but this threshold defines overweight (including obesity) in the WHO growth standard. For this analysis, the WHO growth 

reference classification was used to define overweight and obesity for consistency across ages. 

N.A. = not applicable, no information was recorded for this variable at this age 

* P<0.05  

** P<0.01  

*** P<0.001  
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By the age of five years, a large number of variables were associated with OWOB 

or obesity in the GUI infant cohort, and a large proportion of children were in those 

categories with the highest OWOB risk, as shown in Section 5.4.1. Accordingly, it is 

likely that more than one risk factor is present in some children, putting these 

children at the highest risk to gain excess weight. For example, by the age of five 

years, children who lived in rural regions, whose families were in the lowest income 

quintile and whose caregivers had less then third level education (n=768) had a 

cumulative OWOB prevalence of 36.9% (95% CI: 33.5 ; 40.5) and obesity 

prevalence of 8.7% (95% CI: 6.8 ; 11.0). In comparison, 23.7% (95% CI: 20.8 ; 

26.8) of children had OWOB in families in urban regions in the highest income 

quintile where at least one caregiver had third level education (n=712), of which 5% 

(95% CI: 3.6 ; 6.7) had obesity (results not shown).  

Furthermore, children in lone caregiver households who attended informal 

childcare (n=293) had an OWOB prevalence of 37.9% (95% CI: 32.5 ; 43.6), 

compared to children with two caregivers in formal childcare (n=877), of which 

28.3% (95% CI: 25.4 ; 31.4) had OWOB. Similarly the obesity prevalence was 

8.9% (95% CI: 6.1 ; 12.7) and 5.6% (95% CI:4.2 ; 7.3) in both groups, respectively, 

indicating the importance of the psychosocial environment of children by the time 

they reach the age of five years (results not shown).  

An elevated OWOB prevalence due to an accumulation of biological factors was 

also seen, namely 27.8% (95% CI: 25.6 ; 30.1) in children born AGA who slept 

twelve or more hours (n=1,521), compared to 50.48% (95% CI: 43.7 ; 57.2) in 

children who were born LGA and slept less than 11 hours daily when they were 

five years old (n=208). In the latter group, the obesity prevalence was particularly 

high (21.6%, 95% CI:16.6 ; 27.7, compared to 6.1%, 95% CI: 5.0 ; 7.4, results not 

shown).  
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5.5 Summary 

Findings from this chapter showed that inequalities in the risk of OWOB exist at the 

ages of nine months, three years and five years, and that these inequalities are 

likely to be mediated through biological, material and psychosocial pathways. 

While a more thorough discussion will be provided in Chapter 7, a synthesis of 

findings from this chapter will be provided as follows. 

Both psychosocial and biological associations with OWOB already seemed to be 

present when the children were nine months old. OWOB levels differed based on 

the ethnic background, BWFGA, gestational age and rapid infant weight gain of 

children. All of these associations are indicative of biological causes of OWOB in 

this cohort. Also informal childcare attendance was associated with OWOB at nine 

months, suggesting psychosocial pathways to inequalities of OWOB at this young 

age, such as through the exposure to opposing health messages and caregiving 

styles. While minor differences in income were seen in the bivariate analysis with 

weight status, this disappeared in the adjusted multivariable logistic regression 

models and only a weak indication of material mechanisms at this age was seen 

through an elevated OWOB risk among children that did not belong to any social 

class. 

Looking at OWOB prevalence when the children were three years old, similar 

patterns to the nine-months data emerged. Relationships between OWOB and 

various factors that support the biological theory remained and additional 

relationships, such as with caregiver weight status, were seen. Also the 

relationship between psychosocial factors and OWOB was strenthened, as 

indicated by the variations in OWOB risk based on household structure.  

Also at the age of five years, biological and psychosocial pathways to OWOB 

appear to remain. Additionally, cues for material mechanisms were found that may 

explain how childhood obesity evolves. Fewer infants were obese if they lived in 

households with high equivalised household income or if at least one of their 

caregivers had third level education, with inverse trends seen for both SES 

variables. Furthermore, various neighbourhood characteristics were associated 

with OWOB, all of which confirms the material theory.  
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Taken together, the findings of this chapter support all theories (outlined in Section 

2.4.5) and accordingly the second, third and fourth hypothesis of this thesis 

(Section 2.4.6). However, different associations were seen at different ages, 

suggesting that OWOB evolves through these theories at different time points in 

the lives of young children. Furthermore, children’s previous weight status was 

most predictive of their subsequent weight status. Accordingly, weight should be 

investigated longitudinally, in order to account for changes that may take place 

both in children’s BMI as well as the variables that may explain their weight gains. 

Additionally, given the multiple statistical testing conducted, it should be noted that 

the change of committing a Type I error (the likelihood of coming about a 

significant result by chance) is increased and no causal inferences are possible 

based on cross-sectional studies. Therefore, while this chapter provided a good 

overview of the different risk factors and mechanisms that may lead children to put 

on excess weight, the longitudinal study of the GUI infant cohort enables a more 

comprehensive investigation of early childhood obesity. The longitudinal analysis of 

the GUI data can hence build on the findings from this chapter and deepen the 

understanding of when various pathways may start impacting children’s weight 

gains.  

More relationships were identified with OWOB than with obesity in the cross-

sectional analysis in this chapter. This, together with the fact that increasingly more 

factors were related to children’s weight status with increasing age, suggests that 

most children exposed to obesity risk factors gradually gain excess weight over the 

first five years of life. Ideally, excess weight gains should be identified in children 

before they translate into differences in weight status. Small changes in weight 

gain based on various risk factors should accordingly be examined in the 

longitudinal analysis of the GUI infant cohort, rather than differences in the 

prevalence of weight status.  

Lastly, only a few risk and protective factors emerged on the individual level, 

compared to the level of community, demographic and societal characteristics. 

However, most factors impacting weight status were seen on the level of family 

and parenting characteristics. The latter includes variables related to the 

gestational period, birth outcomes and infant feeding, which were dominant factors 
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related to the odds of OWOB, and of obesity separately. Also a nationally 

representative study in nine-year-old children in Ireland found that most inequalities 

in childhood obesity were related to the parental level (94). This leads to the 

conclusion that prevention of early childhood OWOB should not only target 

individual child behaviour, but the obesogenic environment they grow up in, 

including factors related to family characteristics and parenting practices. 
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CHAPTER 6:  

 

Integration of multi-dimensional obesity risk factors into a 

multilevel model of child body mass index 
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Key points in this chapter 

Aims of this chapter 

Õ To investigate longitudinally critical time-points in relation to obesity risk 

factors and population characteristics associated with OWOB, and to 

measure the significance of each factor on population level in the age group 

up to five years 

Õ To test whether the role of material, psychosocial and biological 

mechanisms on BMI developments may differ across the ages of young 

children in Ireland 

 

Knowledge generation 

Õ Obesity risk factors related to BMI changes over the course of children’s first 

five years of life will be identified 

Õ Critical ages within the early childhood years will be identified during which 

material, psychosocial and biological pathways may impact on BMI changes 

and predispose children to the onset of OWOB 
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6.1 Introduction 

In Chapter 4 of this thesis, it was shown that the OWOB prevalence among young 

children in Ireland is high. Differences in the risk of OWOB were furthermore found 

in Chapter 5 which suggest that biological, material and psychosocial factors may 

contribute to the development of OWOB and hence create inequalities between 

young children in Ireland. These were found on different levels of the SEM, 

indicating that OWOB is a multifaceted health problem that requires prevention on 

various levels. However, only limited conclusions can be draw from the findings to 

this point, leaving a number of questions open that need to be addressed by more 

sophisticated analyses of children’s weight gains in relation to risk factors of 

childhood obesity.  

One of the limitations pointed out in the previous chapter is the binary classification 

of children as those with OWOB and those without. The classification of children’s 

BMI into healthy and unhealthy ranges is important to identify groups of children 

who are at an increased risk of overweight or of obesity, and this was studied using 

logistic regression models as described in Chapter 5 (Section 5.3). This analysis 

identified risk factors that should be targeted in prevention strategies. However, in 

the analysis of OWOB as outcome variable, children with the highest BMI values 

were grouped together with those that just about fell into the category of 

overweight, but were very close to the defined cut-off value of normal weight in the 

respective age group. This analysis may therefore have failed to identify potential 

differences in risk factors for slightly overweight and for severely obese children. 

Furthermore, the classification of children’s weight status depended on the use of a 

child growth criterion. Consequently, the analysis shared the limitations of the 

criterion in use, which are discussed in Chapter 4.  

Furthermore, the cross-sectional analyses conducted in Chapter 5 and in many 

other studies do not follow the development of BMI in the same children over time. 

This is a major barrier to identifying critical time points in children’s lives which 

could otherwise be used for the timely delivery of prevention programmes.  
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A more sophisticated analysis technique was therefore needed which accounts for 

the longitudinal structure of the data on the one hand and which is independent of 

weight status classification systems on the other hand.  

As a result, multilevel linear regression analysis (mixed model) was used to study 

BMI (as a continuous outcome variable) longitudinally, following the children in the 

GUI infant cohort over the entire study period. Explanatory variables were included 

as potential risk factors of BMI changes over time. Using this analysis technique, a 

distinction can be made between, first, associations seen between BMI and obesity 

risk factors, and secondly, correlation that may exist between measurements that 

were conducted in the same child over time. This approach enabled the 

identification of small inequalities or small changes in BMI on population level 

based on potential risk factors, which appeared useful to test the fifth hypothesis of 

this thesis using the GUI infant cohort data.  

Therefore, this chapter will shed light on the relationships identified in the previous 

chapter in a more advanced longitudinal analysis of children’s BMI, based on the 

inclusion of obesity risk factors in multilevel models of BMI changes.   
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6.2 Chapter aims and hypothesis  

This chapter aims to build on the findings from Chapter 5, namely to investigate 

OWOB risk factors and population characteristics that were associated with OWOB 

in relation to children’s longitudinal BMI changes from the age of nine months to 

three and five years. This can help identify critical time points in order to direct 

prevention strategies at those children most in need before they start gaining 

excess weight. In Chapter 2, it was hypothesised that biological, psychosocial and 

material theories explain how OWOB evolves in young children in Ireland. Chapter 

5 has already shown that these theories can explain inequalities that were 

observed in the OWOB risk of young children in Ireland. The following chapter 

accordingly aims to investigate these theories more in depth and identify potential 

differences in timing when these biological, psychosocial or material mechanisms 

start impacting children’s excess weight gains. Risk factors will be investigated in 

the GUI infant cohort according to the different levels of the SEM and the Comp lex 

w eb  o f p ote ntia l d ete rmi n a n ts of o ve rw e ig h t a n d  o b e sity in  ch ild ren , similar to 

Chapter 5. However, children will be followed longitudinally, that means the 

correlation of BMI within the same child can be studied separate to BMI changes 

that occur between children due to various risk factors.  
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6.3 Methods 

In order to study the development of BMI in children longitudinally, data from the 

nationally representative GUI infant cohort were analysed using multilevel 

regression. Details on the methodology used by GUI can be found in Chapter 3. 

The following paragraphs will explain how this analysis technique was used to 

study BMI trajectories in the GUI infant cohort. 

 

6.3.1 Variables 

Outcome variables 

The outcome variable was children’s BMI which was calculated based on 

standardised height and weight measurements at the ages of nine months, three 

years and five years. Different to the analysis in Chapter 5, raw BMI scores were 

used continuously, which enables the analysis of children’s BMI independent of 

child growth criteria and differentiates between mildly overweight and severely 

obese children. This has been described more in Chapter 3 (Section 3.3.5). As has 

been elaborated also in Chapter 3 (Section 3.3.2), use of BMI z-scores was 

considered, in addition to BMI raw scores which were used in this study; however a 

number of limitations of this approach led to the exclusion of z-scores from the 

main study (278, 280). However, sensitivity analysis was run using BMI z-scores as 

outcome variable.  

 

Explanatory variables 

OWOB risk factors on various levels of the SEM were integrated into the analysis, 

based on the literature reviewed in Chapter 2. Their measurement was described 

in Chapter 3 of this thesis (Section 3.3.3, e.g. Table 4) and descriptive statistics 

were shown in Chapter 5. In order to produce a set of comparable and 

meaningfully interpretable coefficients, commensurability of continuous variables 

needs to be assured, meaning that all continuous explanatory variables need to be 
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based on a standardised scale (392). Therefore, the scales of continuously 

measured explanatory variables in this analysis were standardised by means 

centring, which means that the mean value is given a value of zero and all other 

values of that variable can be interpreted as distances to the mean. 

 

6.3.2 Analysis 

There are two main approaches to fitting growth curves and trajectories: within the 

structural equation modelling framework, incorporating the observed repeated 

measures as multiple indicators on one or more latent factors, or within the 

multilevel framework (393). The longitudinal GUI infant cohort data can be viewed 

as having a two-level hierarchical structure and therefore multilevel modelling was 

used. (393) 

Suppose you observe n  data points y 1 , ... , y n  and that you want to explain them 

using n  values for each of p  explanatory variables x 11 , ... , x 1p , x 21 , ... , x 2p , ... , x n 1, 

... , x np . The x  values may be either regression-type continuous variables or 

categorical variables. The standard general linear model is written as follows:  

ώ  ὼ                           Ὥ ρȟȣȟὲ 

Where ɓ1 , ... , ɓp  are unknown fixed-effects parameters to be estimated and 1 , ... , 

n  are unknown independent and identically distributed normal random variables 

with mean 0 and variance σ2.  

For simplicity the model can be written as follows: 

ώ ὢ   

The mixed model extends the general linear model by allowing a more flexible 

specification of the covariance matrix of . In other words, it allows for both 

correlation and heterogeneous variances. The mixed model is written as follows: 
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ώ ὢ ὤ  

where Xɓ and  are the same as in the general linear model, Z is the known design 

matrix and ɔ is the vector of unknown random-effects parameters. As for X, the 

matrix Z can contain either continuous or categorical variables. The name mixed 

model comes from the fact that the model contains both fixed-effects parameters, 

ɓ, and random-effects parameters, ɔ (394). 

Multilevel modelling, which is also known as hierarchical linear modelling or 

random effects modelling, enables the investigation of data with a hierarchical 

structure; that is observations that are nested within groups. A typical example 

involves observations of children who are nested in schools. In this example, 

children (cases) in the same school (group) are expected to share a certain level of 

the same characteristics that are not shared by children from other schools; hence, 

these similarities need to be accounted for when the variability of an outcome in 

children is studied. This can be achieved by combining two equations that estimate 

the individual child-level effects and the group-level effects (392). Multilevel models 

can also be applied to data with repeated measurements on the same individuals. 

The children’s age, or the timing of measurements, can be used as a level of data 

within each child, thereby accounting for residual variances that may occur within 

children over time, in addition to variation between children. Additionally, multilevel 

modelling can handle unbalanced data with different numbers of repeated 

measures per child, which is important as not all children in the GUI infant cohort 

have three BMI measurements reported (see Section 3.2.6 for details on attrition 

and Section 3.3.2 for missing BMI values). Accordingly, children could be included 

in the models if they had BMI data available at only one or two time-points, thus 

preventing unnecessary loss of data. 

In the GUI infant cohort, multilevel models were used that describe the change of 

BMI, where level 1 describes the within-child variance, that is how a child’s BMI 

changed over time, and level 2 describes the between-child differences in BMI over 

time. The BMI measurements nested within a child (level 1) are more likely to be 

correlated than BMI measurements between children (level 2). BMI data were 

available at three time-points, when the infants were nine months, three years and 
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five years old. Children were also included in the multilevel models if they had a 

valid BMI measurement available for only one or two of these time-points.  

Explanatory variables were included as fixed effects in the multilevel models, in 

order to explain why the BMI (change) of some children differs from that of other 

children. However, these variables may not have the same relationship with BMI at 

each age. As indicated in Chapter 2, the BMI of young children does not develop 

linearly due to different rates in weight and length/height gains over time. Data on 

children’s BMI were available at three time-points (nine months, three years and 

five years) and the measure of time (i.e. age) was included in the analysis. Time 

trend analysis was included by fitting an interaction term between each of the 

explanatory variables and waves (time), where time  2  refers to wave 2 (i.e. when 

children were three years old) and time  3  refers to wave 3 (when children were five 

years old). The analysis therefore provided information about the children’s initial 

BMI (intercept) and their BMI trajectory during the study period (slope). This model 

allows for the relationship between explanatory variables and BMI at various ages 

to be explored (i.e. changes in BMI from nine months to three years and to five 

years). A number of multilevel models were run, building up the analysis based on 

the literature and previous results of this thesis.  

Tests for interactions were run in each model to exclude non-significant interaction 

terms; that means for interactions with time where no time-variant association 

between an explanatory variable and BMI was seen (that is where an independent 

variable may change the intercept of BMI, but not the slope). This was important to 

reduce the complexity of the models. While it is important to adjust for the analysis 

for as many known confounders as possible, models with a high complexity are 

likely to hide the relationships between some confounders and the outcome 

variable if these confounders are related to each other. The risk is particularly high 

among the interaction terms of independent variables with time as not all 

relationships of independent variables with BMI may be time-dependent. 

Therefore, separate tests for interactions were run in each model, and interaction 

terms with p > 0.05 were excluded from the final models presented in this chapter. 

Variables were also tested for multicollinearity from within the model, calculating 

the variance inflation factor of each explanatory variable and interaction term. 
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For the mixed models analysis, robust standard errors were used. These are 

standard error estimates that correct for dependence among the repeated 

observations. Furthermore, for interpretive purposes, variables in regression 

models were mean-centred.  

The weighting factors developed by the GUI researchers for each wave have been 

incorporated in the analysis in order to adjust for external population 

characteristics, as has been described in detail in Chapter 3 (Section 3.2.6). The 

intraclass correlation, which describes the correlation of BMI measurements within 

children, was assessed for each model individually.  

 

Specification of models 

First, a basic model (Model 1) was established that did not adjust for any 

demographic information or obesity risk factors. This model was run in order to get 

an idea of the unadjusted development of BMI in this cohort. Secondly, Model 1 

was used as the basis for four more multilevel models that were used to explore 

the data. In the analysis of these four models, BMI change over time was 

investigated according to various demographic characteristics and obesity risk 

factors. 

Model 2 is an extension of Model 1, adding sex, as well as interaction terms with 

sex to the fixed effect of the model. This addition is based on the observation of 

different growth curves and trajectories that exist between the sexes at the different 

ages and that were therefore integrated in international growth references, as has 

been described in Chapter 4. The interaction terms with the time variables were 

included based on the assumption that a possible relationship between sex and 

BMI may not be constant over time, but change between different time points 

measured in the GUI infant cohort. 

Chapter 5 showed that the OWOB prevalence differs between demographic 

groups, suggesting that material resources may play a role in the development of 

childhood obesity. Therefore, in Model 3, SES variables and the ethnic background 
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of children were added to the multilevel model, in addition to sex. Interaction terms 

were included for all variables with significant tests for interactions (p<0.05).  

Model 4 includes those explanatory variables that were associated with BMI in the 

previous multilevel models, either based on the baseline measure or based on an 

interaction term between the respective explanatory variable and time. Additional 

explanatory variables were included in this model that provided information related 

to the child’s birth and early life, parental characteristics, neighbourhood variables 

and early lifestyle (see Table 4 in Section 3.3.3 for a list of all variables). This was 

to further test theories of biological and psychosocial mechanisms that may explain 

why some children put on excess weight. A number of lifestyle variables from the 

child were only recorded in waves 2 and 3 of the GUI data. These variables were 

excluded from Model 4 for two reasons. First, at nine months of age, children 

cannot be understood to follow a ‘lifestyle’ based on family food choices and 

physical activity. At this age, children start transitioning from infancy to 

toddlerhood, which involves frequent changes with regards to their weaning, 

eating, physical activity and play routines. It appears unreasonable to use their 

momentary lifestyle at the time of the family interview as a proxy for overall infancy 

lifestyle while they undergo so many changes. Secondly, beyond this theoretical 

consideration, the analysis of lifestyle variables in the wave 1 data was also not 

possible computationally. As the GUI team had only started recording food item 

consumption, physical activity and screen time use when the children were three 

years old, all observations from the first wave were excluded from the model when 

these lifestyle variables were included in the model. 

In order to adjust for lifestyle variables that were not included in Model 4, Model 5 

was run including all measured explanatory variables but analysing the outcome of 

BMI changes only based on the three-year- and five-year-measurements. This 

allowed the integration of lifestyles that had not been established at the children’s 

age of nine months. Explanatory variables that were only measured at wave 1, 

such as birth characteristics and infant feeding, were carried forward and analysed 

in relation to later BMI as the literature has shown a long-lasting relationship with 

early-life events (Chapter 2). In turn, variables measured later in life cannot 

automatically be understood to be similarly associated with earlier BMI changes. 
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Nevertheless, lifestyle variables referring to the nutrition and physical activity of 

children were considered to reflect on overall family lifestyle, even if they had only 

been measured in the GUI data when the children were five years old. As children 

are expected to be well integrated in most family lifestyles by their age of three 

years, lifestyle variables measured in wave 3 were as well used as a proxy for 

lifestyle at the age of three years in Model 5. Lastly, the analysis was adjusted for 

BMI at nine months, in order to identify relationships between later BMI and 

lifestyle that are independent of earlier BMI developments. Therefore, Model 5 

includes explanatory variables and BMI measured in wave 1, and additionally 

children’s lifestyle variables measured in waves 2 and 3, to investigate BMI 

changes in relation to only two time points (waves 2 and 3).  

 

6.3.3 Sensitivity analysis 

Additionally, for Models 3, 4 and 5, four models each were run for sensitivity 

analysis. For each of these models, sensitivity analysis was conducted including 

only singleton births (Model 3a: n=10,335; Model 4a: n=10,008; Model 5a: 

n=7,798), excluding families in which the SCG existed but had not completed the 

interview (Model 3b: n=9,715; Model 4b: n=9,394; Model 5b: n=7,293), or including 

only families with two caregivers living in the household and completed PCG and 

SCG interviews (Model 3c: n=8,293; Model 4c: n=8, 024; Model 5c: n=6,470). 

Additionally, one model was run including only families in which both the person 

who participated in the interviews as the SCG and the person who was the PCG 

did not change throughout the study period, (Model 3d: n=10,306; Model 4d: 

n=9,973; Model 5d: n=7,729).  

As rapid early weight gains may mediate the association between infant feeding 

and BMI in children (168), all models were additionally run without the inclusion of 

rapid infant weight gain as an exploratory variable. All models were additionally run 

using BMI z-scores as alternative outcome variable.  
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6.4 Results 

The original sample interviewed in the GUI infant cohort included the families of 

11,134 infants at baseline. After the exclusion of missing values, outliers and 

invalid values, 10,810 had a valid BMI reported at nine months of age, 9,422 at 

three years and 8,781 at five years of age. Furthermore, a number of children were 

excluded from the analysis because their PCG changed over time, resulting in 

10,763 children who were included in the baseline model presented below. 

Children were included that may not have had a valid BMI recorded at nine 

months, but only at a later age, or vice versa. Fewer children were included in the 

extended models due to missing or invalid values in the explanatory variables 

which the respective models were adjusted for. 

 

6.4.1 Baseline model 

To start with, a baseline (unadjusted) multilevel model with mixed effects (Model 1, 

n=10,763) was set up, as depicted in Table 23. The intraclass correlation 

coefficient (ICC) was 0.52 (95% CI: 0.52 ; 0.52), implying that 52% of the variance 

in this model was explained by within-child differences.  

Statistically significant differences in BMI were seen across the ages. Children had 

an average BMI of 18.17 (95% CI: 18.13 ; 18.2) at their age of nine months, which 

significantly decreased to 16.83 kg/m2 at the age of three years and 16.25 kg/m2 at 

five years.  

In order to minimise the error term and the variation explained by random effects, 

Model 1 was extended and explanatory variables were added to the model 

gradually, as shown in the following sections.  
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Table 23: Multilevel Model 1, showing Body Mass Index (BMI) trajectories between nine 

months, three years and five years of age unadjusted. Point estimates and 95% 

Confidence Intervals (CI) are shown. 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 

Number (observations) 28268 
Number (individuals) 10763 
Constant 18.17 (18.13 ; 18.20)*** 
Log-pseudolikelihood -49906.78 
Wald Chi-Square 8129.89 
Change in BMI since the age of 9 months  

Until 3 years -1.34 (-1.38 ; -1.30)*** 
Until 5 years -1.92 (-1.96 ; -1.88)*** 

Random effect components  
Residual SD 1.01 (0.95 ; 1.08) 
Measurement (time) 2 0.24 (0.16 ; 0.36) 
Measurement (time) 3 0.56 (0.45 ; 0.70) 
Random intercept SD 1.39 (1.33 ; 1.46) 
Intraclass correlation coefficient id 0.52 (0.52 ; 0.52) 

SD = standard deviation 

*** p<0.001 

 

6.4.2 Inclusion of sex 

Model 1 was extended by adding sex and interactions of sex with the time 

variables (i.e. age) in the fixed part of the multilevel model. As can be seen in 

Table 24, the newly generated Model 2 differs slightly from Model 1. Compared to 

Model 1, the error term of the random effect in Model 2 was only reduced 

marginally and the ICC of Model 2 remained constant (Table 24). 

Mean BMI is now displayed for boys, who appear to have a BMI of 18.37 (95% CI: 

18.33 ; 18.42) at the age of nine months, 16.95 at three years and 16.27 at five 

years. Girls, in contrast, have a significantly lower BMI at nine months of age, 

which is still lower at three years despite an increased weight gain taking place 

between these two time points. By the age of five years, the BMI of girls and boys 

is almost the same, as girls continued to gain significantly more weight relatively to 

boys.  
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Table 24: Multilevel Model 2, showing Body Mass Index (BMI) trajectories between nine 

months, three years and five years of age adjusted for sex. Point estimates and 95% 

Confidence Intervals (CI) are shown. 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 

Number (observations) 28,268 
Number (individuals) 10,763 
Constant 18.37 (18.33 ; 18.42)*** 
Log-pseudolikelihood -49791.60 
Wald Chi-Square 8411.91 
Time (9 months) a  

3 years -1.42 (-1.47 ; -1.36)*** 
5 years -2.10 (-2.16 ; -2.04)*** 

Sex (boys)a  

Girls -0.42 (-0.49 ; -0.35)*** 
Girls * time 2 0.15 (0.07 ; 0.23)*** 
Girls * time 3 0.38 (0.29 ; 0.46)*** 

Random effect components  
Residual SD 1.00 (0.93 ; 1.07) 
Measurement (time) 2 0.25 (0.17 ; 0.37) 
Measurement (time) 3 0.56 (0.45 ; 0.71) 
Random intercept SD 1.38 (1.31 ; 1.44) 
Intraclass correlation coefficient id 0.52 (0.51 ; 0.53) 

a = reference group 

SD = standard deviation 

*** p<0.001 

 

6.4.3 Inclusion of socio-economic status variables and ethnicity 

In addition to sex which was included in the multilevel model in the previous 

section, Model 3 also controls for a number of SES variables and ethnicity, as well 

as their interaction terms with time, as can be seen in Table 25. The fixed effect of 

the model was significantly contributing to differences in BMI changes (p<0.001, 

results not shown). While Model 3 identified additional population groups that 

follow elevated or lower mean BMI trajectories, the ICC remained at 52% (95% CI: 

0.52 ; 0.52). However, the error term of the random effect was reduced, implying 

that Model 3 may be a better fit than the previous models.  

In Irish white boys, whose families belong to the managerial and technical 

household class, lie in the highest income quintile and where at least one caregiver 

has third level education, BMI at nine months of age was on average 18.39 (95% 

CI: 18.31 ; 18.47). At three years of age, their average BMI had decreased to 16.95 

kg/m2 and at five years to 16.14 kg/m2. Similar associations between sex and BMI 

over time were seen in Model 3 like in Model 2. 
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Additional associations were seen between BMI and ethnic background, household 

income and education of caregivers. At nine months of age, non-Irish white 

children had a significantly lower BMI than Irish white children, and this difference 

was not found to change as the children grew older. A similar trend was seen in 

children of other, including mixed background. Children from Asian, but not 

Chinese background had the lowest average BMI at the age of nine months. 

However, their relative weight gain increased significantly compared to that of Irish 

white children, which reversed the difference seen between these groups at the 

age of five years slightly. At five years of age, also African children had a BMI that 

was significantly higher than that of Irish white children, even though no significant 

difference between these groups was seen at earlier ages. Chinese children at five 

years of age had a very high BMI; however the wide 95% CI of this coefficient 

indicates that further analysis may be required to confirm this association. 

Compared to children living in families in the highest income quintile, those in the 

lowest quintile had a slightly higher average BMI across all ages. Additionally, 

compared to children with at least one caregiver who had acquired third level 

education, children whose caregivers had other post-secondary education or only 

lower secondary education had a higher BMI at five years of age.  

 

Sensitivity analysis 

A few differences were seen between the original Model 3 and the sensitivity 

models. A number of variables were no longer significant in some of the models 

used for sensitivity analysis, most likely due to decreasing sample size. In 

particular, income was no longer associated with BMI in Models 3b-d. Furthermore, 

Asian ethnicity at the age of three years and Chinese ethnicity at the age of five 

years were no longer significantly associated with BMI (Models 3b and 3c). 

However, lower secondary education of the caregivers at three years (β = 0.18; 

95% CI: <0.01 ; 0.35), and higher secondary education at five years (β = 0.17; 95% 

CI: 0.01 ; 0.32) were significantly related to higher BMI scores, compared to 

caregivers with third level education (Model d). 
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Table 25: Multilevel Model 3, showing Body Mass Index (BMI) trajectories between nine months, three years and five years of age, adjusted for 

sex, socio-economic status variables and ethnicity. Point estimates and 95% Confidence Intervals (CI) are shown. 

 Main effects Interaction terms with time b 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 
BMI ß-coefficient (95% CI) 

at age 3 years 
BMI ß-coefficient (95% CI) 

at age 5 years 

Number (observations) 28,149   
Number (individuals) 10,717   
Constant 18.39 (18.31 ; 18.47)***   
Log-pseudolikelihood -49495.77   
Wald Chi-Square 9888.29   
Time (9 months) a    

3 years N.A. -1.44 (-1.51 ; -1.37)*** N.A. 
5 years N.A. N.A. -2.25 (-2.33 ; -2.18)*** 

Sex (boys)a    

Girls -0.42 (-0.49 ; -0.35)*** 0.15 (0.07 ; 0.22)*** 0.36 (0.28 ; 0.45)*** 
Household class (managerial and technical) a    

Professional -0.04 (-0.10 ; 0.03) N.A. N.A. 
Non-manual 0.01 (-0.06 ; 0.07) N.A. N.A. 
Skilled manual 0.01 (-0.06 ; 0.09) N.A. N.A. 
Semi-skilled 0.01 (-0.08 ; 0.10) N.A. N.A. 
Unskilled 0.17 (-0.04 ; 0.38) N.A. N.A. 
Other -0.01 (-0.28 ; 0.28) N.A. N.A. 
Unclassified 0.07 (-0.03 ; 0.17) N.A. N.A. 

Ethnic background (Irish white)a    
Any other white background -0.33 (-0.46 ; -0.20)*** -0.07 (-0.24 ; 0.10) 0.06 (-0.10 ; 0.23) 
African 0.08 (-0.19 ; 0.35) 0.14 (-0.20 ; 0.48) 0.51 (0.15 ; 0.87)** 
Any other Black background 0.05 (-0.67 ; 0.77) 0.51 (-0.37 ; 1.40) 0.50 (-0.21 ; 1.21) 
Chinese -0.32 (-1.10 ; 0.47) 0.11 (-1.15 ; 1.36) 2.44 (0.07 ; 4.81)* 
Any other Asian background -0.78 (-1.04 ; -0.53)*** 0.38 (0.06 ; 0.69)* 0.83 (0.46 ; 1.19)*** 
Other, including mixed background -0.20 (-0.31 ; -0.09)*** -0.01 (-0.12 ; 0.11) 0.03 (-0.09 ; 0.16) 
No secondary caregiver data -0.11 (-0.23 ; 0.01) 0.09 (-0.04 ; 0.23) 0.13 (-0.02 ; 0.28) 

Equivalised household income (highest quintile)a    
Lowest quintile 0.10 (0.02 ; 0.18)* N.A. N.A. 
2nd quintile 0.04 (-0.03 ; 0.12) N.A. N.A. 
3rd quintile 0.06 (-0.01 ; 0.12) N.A. N.A. 
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 Main effects Interaction terms with time b 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 
BMI ß-coefficient (95% CI) 

at age 3 years 
BMI ß-coefficient (95% CI) 

at age 5 years 

4th quintile 0.01 (-0.05 ; 0.07) N.A. N.A. 
Missing 0.01 (-0.09 ; 0.10) N.A. N.A. 

Highest education of caregivers (third level) a    
Lower secondary education or less -0.02 (-0.15 ; 0.11) 0.15 (-0.01 ; 0.32) 0.37 (0.16 ; 0.58)*** 
Higher secondary education 0.07 (-0.03 ; 0.17) -0.07 (-0.19 ; 0.06) 0.13 (-0.02 ; 0.28) 
Post-secondary education -0.03 (-0.10 ; 0.05) 0.05 (-0.04 ; 0.13) 0.22 (0.13 ; 0.31)*** 

Random effect components    
Residual SD 0.99 (0.93 ; 1.06)   
Measurement (time) 2 0.25 (0.17 ; 0.37)   
Measurement (time) 3 0.54 (0.44 ; 0.68)   
Random intercept SD 1.35 (1.29 ; 1.42)   
Intraclass correlation coefficient id 0.52 (0.52 ; 0.52)   

a = reference group 

b = β-coefficients in the columns under ‘Interaction terms with time’ display the change in BMI differences between groups (categorical variables) or 

linear changes with increasing score (continuous variable) from nine months to three years and from nine months to five years of age, respectively 

N.A. = not applicable, no interaction with time was included in the analysis 

SD = standard deviation 

* p<0.05 

** p<0.01 

*** p<0.001 
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6.4.4 Inclusion of birth and infancy factors, parental characteristics, 

neighbourhood variables and early lifestyle 

Building on Model 3 that was presented in the previous section, a number of 

additional explanatory variables were added to the multilevel Model 4. These 

variables include information on the development of children prior birth and during 

infancy, parental characteristics, parental perceptions of the neighbourhood and 

children’s lifestyles measured in wave 1. Household social class was removed from 

the model, as no associations had been seen in Model 3. The results of Model 4 

are shown in Table 26. The estimate of the ICC was 0.45 (95% CI: 0.44 ; 0.47) and 

the error terms were smaller than in the previous models. The fixed part of the 

model was significantly associated with BMI (p<0.001). 

Based on Model 4, mean BMI of the reference groups taken together was 18.03 

(95% CI: 17.9 ; 18.16) at the age of nine months, 16.48 at three years and 15.47 at 

five years. Sex was associated with BMI at nine months and five years of age, but 

the β-coefficients were smaller than in the previous models. Furthermore, by the 

age of five years, the trend had fully reversed, meaning that girls had a higher BMI 

than boys at that age. 

 

Socio-economic status and ethnic background 

Among ethnic groups, the same trend was seen in non-Irish white, African and 

Asian (excluding Chinese) children in Model 4 as had been seen in Model 3. 

However, the discrepancy between Irish and non-Irish white children was reduced. 

Furthermore, the difference between Irish white and Asian (excluding Chinese) 

children at their age of nine months was lower in Model 4, while the other 

coefficients remained stable. The associations in Model 3 seen between BMI 

changes and Chinese background, as well as with other or mixed ethnicity, were 

not significant in Model 4. Differences seen in the nine-months-old children that 

had no SCG data available in Model 4 were outbalanced at the later ages. 
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Differences seen between BMI and household income did not differ between 

Models 3 and 4. Also the association with caregiver education seen in Model 3 was 

significant in Model 4. However, children whose caregivers had only lower 

secondary education or less already had significantly higher BMI scores than those 

whose caregivers had third level education at the age of three years. This 

association had not been significant in Model 3.  

Moreover, a number of other variables included in Model 4 were related to BMI. 

 

Region, household structure, and the perceived neighbourhood 

Children who lived in urban regions had a lower average BMI than those from rural 

regions, and this difference did not change significantly as children grew older. 

Differences were also seen based on the household structure.  

Compared to children with two caregivers and at least one sibling living in the 

household, single children with two caregivers had a lower average BMI at nine 

months of age. However, by five years, their BMI was significantly higher. 

Additionally, at five years, single children as well as children with one or more 

siblings living in lone caregiver households had a higher BMI than those in families 

with two caregivers and one or more siblings. The highest BMI was seen in single 

children with one caregiver, which was already elevated at the age of three years. 

No associations with BMI were seen depending on the caregiver perception of the 

level of safety or the availability of play and green spaces in the neighbourhood. 

 

Birth and infancy factors 

The largest deviations in BMI were seen in relation to birth and early life factors 

(Table 26). At nine months of age, compared to term infants, children born very 

early (β=-2.00; 95% CI: -2.3 ; -1.69), and somewhat early (β=-1.09 ; 95% CI: -1.23 ; 

-0.94) had a significantly lower average BMI. However, those born late had a 0.14 

kg/m2 (95% CI: 0.04 ; 0.24) higher BMI. At the ages of three and five years, very 
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early and early born children had a relative increase in BMI compared to term 

children, while late children stayed on their higher trajectory. By five years, very 

early born children and early born children had reduced the differences to term 

children seen at nine months of age. Furthermore, compared to children born AGA, 

those born SGA had a significantly lower BMI at nine months, but reduced that gap 

until the age of five years. Children born LGA had a constantly higher BMI, but a 

smaller weight gain than AGA children until three years. Children who were 

breastfed for six months or more, compared to those never breastfed, had a 

significantly lower BMI at nine months of age; however a relatively higher (but not 

significant) weight gain brought them closer to the BMI trajectory of non-breastfed 

children at three and five years. No significant relationship was seen with BMI and 

the timing of solid food onset. Rapid infant weight gain was significantly associated 

with BMI. When the children were nine months old, those with rapid infant weight 

gain had a 1.9 kg/m2 (95% CI: 1.81; 1.98) higher average BMI than those without 

rapid weight gain. BMI trajectories of children with rapid weight gain decelerated 

from nine months onwards, but their BMI scores remained higher overall.  

 

Caregiver weight status and stress 

Furthermore, the BMI of children differed at the ages of three and five years based 

on the weight status of their caregivers. In PCGs, compared to normal or 

underweight, overweight was related to increases in BMI trajectories from three to 

five years and obesity was associated with a constantly increasing BMI trajectory in 

children. Among SCGs, compared to normal or underweight, overweight and 

obesity status both were associated with increasing BMI trajectories from nine 

months to five years. At five years, the gap had risen to 0.3 kg/m2 (95% CI: 0.20; 

0.41) if the SCG was overweight and to 0.62 kg/m2 (95% CI: 0.48; 0.76) if the SCG 

was obese. There were small associations seen between PCG stress scores at 

nine months and three years of age which evened out by five years.  
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Sleep and childcare 

On average, children who were in informal childcare arrangements had a slightly 

higher BMI at all ages than children who did not attend childcare regularly. 

Additionally, children with short sleep duration had a significantly lower BMI than 

those with normal sleep at nine months, but a higher relative weight gain until three 

and five years, therefore exceeding the BMI trajectory of normal sleepers.  

 

Sensitivity analysis 

Sensitivity analysis did not alter the overall findings (results not shown). There 

were, however, a few minor differences noted compared to the original model, 

most likely due to much smaller sample sizes. In particular, the association 

between BMI and income (Models 4b-d), and with urban region (Model 4c) was no 

longer significant. Late birth (Models 4b and 4c) and PCG stress level (Models 4a-

d) were no longer significantly associated with BMI at nine months. At three years, 

very early birth (Model 4c), Asian ethnicity (Models 4b and 4c) and lower 

secondary education (Models 4b and 4c), and finally, at five years, very early birth 

(Model 4c), LGA births (Models 4b-d) and lower secondary education or less 

(Model 4b), were no longer significantly associated with BMI.  
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Table 26: Multilevel Model 4, showing Body Mass Index (BMI) trajectories between nine months, three years and five years of age adjusted for 

demographics, birth and infancy factors, parental characteristics, neighbourhood variables and early lifestyle. Point estimates and 95% 

Confidence Intervals (CI) are shown. 

 Main effects Interaction terms with time b 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 
BMI ß-coefficient (95% CI) 

at age 3 years 
BMI ß-coefficient (95% CI) 

at age 5 years 

Number (observations) 26,867   
Number (individuals) 10,377   
Constant 18.03 (17.90 ; 18.16)***   
Log-pseudolikelihood    
Wald Chi-Square    
Time (9 months) a    

3 years N.A. -1.55 (-1.70 ; -1.40)***   N.A. 
5 years N.A.   N.A. -2.56 (-2.73 ; -2.40)*** 

Sex (boys)a    

Girls -0.19 (-0.26 ; -0.13)*** 0.04 (-0.03 ; 0.12) 0.25 (0.17 ; 0.33)*** 

Ethnic background (Irish white)a    
Any other white background -0.22 (-0.34 ; -0.09)*** -0.08 (-0.26 ; 0.10) 0.01 (-0.17 ; 0.19) 
African -0.01 (-0.27 ; 0.25) 0.16 (-0.21 ; 0.53) 0.5 (0.11 ; 0.88)* 
Any other Black background 0.17 (-0.48 ; 0.82) -0.25 (-0.76 ; 0.26) -0.4 (-0.97 ; 0.16) 
Chinese -0.37 (-1.09 ; 0.35) 1.13 (-0.11 ; 2.38) 2.53 (-0.02 ; 5.08) 
Any other Asian background -0.52 (-0.75 ; -0.29)*** 0.36 (0.02 ; 0.70)* 0.81 (0.42 ; 1.2)*** 
Other, including mixed background -0.08 (-0.19 ; 0.02) -0.04 (-0.16 ; 0.08) 0.01 (-0.12 ; 0.13) 
No secondary caregiver data -0.33 (-0.49 ; -0.16)*** 0.33 (0.14 ; 0.51)*** 0.32 (0.14 ; 0.49)*** 

Equivalised household income (highest quintile)a    
Lowest quintile 0.10 (0.02 ; 0.18)*   N.A.   N.A. 
2nd quintile 0.05 (-0.03 ; 0.12)   N.A.   N.A. 
3rd quintile 0.05 (-0.01 ; 0.12)   N.A.   N.A. 
4th quintile 0.02 (-0.04 ; 0.08)   N.A.   N.A. 
Missing 0.01 (-0.10 ; 0.10)   N.A.   N.A. 

Highest education of caregivers (third level) a    
Lower secondary education or less -0.05 (-0.17 ; 0.07) 0.19 (0.01 ; 0.38)* 0.34 (0.13 ; 0.55)** 
Higher secondary education 0.05 (-0.04 ; 0.14) -0.04 (-0.17 ; 0.08) 0.09 (-0.06 ; 0.25) 
Post-secondary education -0.07 (-0.15 ; 0.01) 0.07 (-0.02 ; 0.16) 0.21 (0.11 ; 0.30)*** 

Region (rural)a    
Urban -0.05 (-0.10 ; -0.01)*   N.A.   N.A. 
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 Main effects Interaction terms with time b 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 
BMI ß-coefficient (95% CI) 

at age 3 years 
BMI ß-coefficient (95% CI) 

at age 5 years 

Household structure (two caregivers, two or more children )a    
Lone caregiver, one child -0.08 (-0.24 ; 0.09) 0.29 (0.08 ; 0.5)** 0.49 (0.24 ; 0.73)*** 
Lone caregiver, two or more children 0.11 (-0.06 ; 0.27) 0.03 (-0.19 ; 0.25) 0.29 (0.06 ; 0.51)* 
Two caregivers, one child -0.08 (-0.15 ; -0.01)* 0.9 (-0.01 ; 019) 0.26 (0.12 ; 0.41)*** 

Neighbourhood perceived as safe (agree) a    
Strongly agree 0.02 (-0.03 ; 0.06) N.A. N.A. 
Disagree 0.01 (-0.05 ; 0.06) N.A. N.A. 
Strongly disagree -0.01 (-0.12 ; 0.10) N.A. N.A. 

Neighbourhood perceived to offer green and play spaces 
(agree) a 

   

Strongly agree -0.01 (-0.06 ; 0.04) N.A. N.A. 
Disagree 0.02 (-0.03 ; 0.07) N.A. N.A. 
Strongly disagree -0.01 (-0.07 ; 0.06) N.A. N.A. 

Gestational age at birth (on time)a    
Very early -2.00 (-2.30 ; -1.69)*** 0.61 (0.27 ; 0.95)*** 0.69 (0.29 ; 1.08)** 
Somewhat early -1.09 (-1.23 ; -0.94)*** 0.42 (0.24 ; 0.6)*** 0.37 (0.19 ; 0.55)*** 
Late 0.14 (0.04 ; 0.24)** 0.02 (-0.10 ; 0.13) 0.02 (-0.08 ; 0.18) 

Birth-weight-for-gestational-age (appropriate)a    
Small-for-gestational age -1.01 (-1.12 ; -0.90)*** 0.29 (0.16 ; 0.43)*** 0.39 (0.24 ; 0.54)*** 
Large-for-gestational-age 0.78 (0.68 ; 0.88)*** -0.14 (-0.26 ; -0.01)* -0.14 (-0.27 ; -0.01)* 
Missing -0.25 (-0.75 ; 0.24) 0.06 (-0.41 ; 0.54) -0.22 (-0.55 ; 0.11) 

Breastfeeding duration (not breastfed)a    
Less than three months -0.02 (-0.10 ; 0.07) -0.05 (-0.15 ; 0.04) -0.02 (-0.13 ; 0.08) 
Three to under six months -0.04 (-0.15 ; 0.07) 0.01 (-0.13 ; 0.13) -0.01 (-0.14 ; 0.14 
Six months or more -0.13 (-0.23 ; -0.04)** 0.1 (-0.01 ; 0.21) 0.06 ( -0.05 ; 0.18) 

Introduction of solid food ( between age four and under six 
months)a 

  
 

Before age four months 0.05 (-0.02 ; 0.12) N.A. N.A. 
After age six months or later -0.04 (-0.09 ; 0.02) N.A. N.A. 

Rapid infant weight gain (no rapid weight gain)a    
Rapid weight gain 1.90 (1.81 ; 1.98)*** -0.83 (-0.92 ; -0.73)*** -0.98 (-1.09 ; -0.87)*** 
Missing 0.67 (0.3 ; 1.04)*** -0.14 (-0.44 ; 0.16) omitted 

BMI status of the primary caregiver (normal/ underweight)a    
Overweight 0.03 (-0.04 ; 0.11) 0.05 (-0.03 ; 0.14) 0.24 (0.15 ; 0.34)*** 
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 Main effects Interaction terms with time b 

Model components 
BMI ß-coefficient (95% CI) 

at age 9 months 
BMI ß-coefficient (95% CI) 

at age 3 years 
BMI ß-coefficient (95% CI) 

at age 5 years 

Obese 0.03 (-0.07 ; 0.12) 0.29 (0.17 ; 0.42)*** 0.51 (0.38 ; 0.64)*** 
Missing 0.09 (-0.09 ; 0.27) 0.22 (-0.01 ; 0.44) 0.31 (0.08 ; 0.54)** 

BMI status of the secondary caregiver (normal/ underweight)a    
Overweight -0.03 (-0.11 ; 0.05) 0.16 (0.06 ; 0.26)** 0.30 (0.20 ; 0.41)*** 
Obese -0.02 (-0.12 ; 0.09) 0.35 (0.22 ; 0.48)*** 0.62 (0.48 ; 0.76)*** 
No secondary caregiver interview 0.25 (0.13 ; 0.37)*** -0.19 (-0.34 ; -0.04)** omitted 
Missing -0.07 (-0.27 ; 0.14) 0.32 (0.07 ; 0.57)* 0.25 (0.01 ; 0.49)* 

Primary caregiver stress    
Continuous score -0.01 (-0.01 ; -0.01)* 0.01 (0.01 ; 0.02)* 0.01 (-0.01 ; 0.02) 

Childcare (no childcare arrangement)a    
Informal childcare 0.06 (0.01 ; 0.11)*   N.A.   N.A. 
Formal childcare 0.01 (-0.05 ; 0.05)   N.A.   N.A. 

Daily sleep duration (short sleep)a    
Normal sleep -0.11 (-0.19 ; -0.02)* 0.14 (0.03 ; 0.26)* 0.20 (0.08 ; 0.32)** 
Long sleep -0.06 (-0.15 ; 0.03) -0.04 (-0.17 ; 0.09) -0.06 (-0.18 ; 0.05) 

Random effect components    
Residual SD 0.85 (0.79 ; 0.91)   
Measurement (time) 2 0.36 (0.28 ; 0.47)   
Measurement (time) 3 0.59 (0.48 ; 0.72)   
Random intercept SD 1.00 (0.95 ; 1.06)   
Intraclass correlation coefficient id 0.45 (0.44 ; 0.47)   

a = reference group 

b = β-coefficients in the columns under ‘Interaction terms with time’ display the change in BMI differences between groups (categorical variables) or 

linear changes with increasing score (continuous variable) from nine months to three years and from nine months to five years of age, respectively 

N.A. = not applicable, no interaction with time was included in the analysis 

SD = standard deviation 

* p<0.05 

** p<0.01 

*** p<0.001 
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6.4.5 Model 5 – Inclusion of child’s lifestyle variables at three and five 

years of age 

Table 27 presents the results of the multilevel Model 5 that assessed BMI only at 

the ages of three and five years, and that includes lifestyle variables that were not 

measured at nine months, in addition to the explanatory variables included in the 

previous model (Model 4).  

In Model 5, 64% (95% CI: 0.62 ; 0.66) of the variance of BMI was explained by the 

random part of the model. The error terms differed from the previous models, 

however the random part of Model 5 only describes the change between two, 

rather than three time points studied. The fixed part of the model was significantly 

associated with BMI (p<0.001).  

The mean BMI of three-year-old children in the reference population of this model 

was 16.62 (95% CI: 16.49 ; 16.75). At five years of age, it was significantly lowered 

to 15.56. At three years of age, the BMI of children was 0.39 kg/m2 (95% CI: 0.37 ; 

0.41) higher for every 1 kg/m2 increase in the child’s BMI at their age of nine 

months. At five years of age, a negative association was seen with the child’s nine 

months’ BMI, namely by 0.05 kg/m2 (95% CI: -0.07 ; -0.03) for every 1 kg/m2 

increase in BMI at nine months. Like in Model 4, also in this model girls 

significantly exceeded the BMI trajectories of boys by the time they were five years 

old, even though they had still been on a lower trajectory at three years of age.  

 

Socio-economic status and ethnic background 

Similarities with Model 4 existed in this model based on the ethnic background of 

children. At three years of age, children with a non-Irish white background had a 

significantly lower average BMI than those of Irish white background, and this 

difference was kept by the time they were five years old. A similar trend was seen 

in children in the other and mixed background group. At the age of five years, 

furthermore, elevated BMI scores were seen in children with African, Chinese and 

other Asian ethnic background. These children significantly exceeded the average 
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BMI of Irish white children by far, even though no differences in BMI had been 

seen at the age of three years.  

Also with regards to the highest educational level of the child’s caregivers, trends 

were similar between Models 4 and 5. Compared to caregivers with third level 

education, children whose caregivers had lower secondary education or less had a 

higher BMI at the age of three years that increased until they were five years old. 

Also in those children whose caregivers had higher secondary or post-secondary 

education, significantly higher BMI scores were observed at the age of five years. 

However, unlike the findings from Models 3 and 4, no association was seen 

between the equivalised household income of families and children’s BMI.  

 

Region, household structure, and the perceived neighbourhood 

An overall trend towards higher average BMI scores in children living in rural 

regions was seen in Model 5, just like in Model 4. Also trends based on the 

household structure were seen in Model 5. Children had an elevated average BMI 

at the age of five years if they did not live in a two-caregiver household with at least 

one sibling. However, both at three and at five years the deviations between the 

reference group and other household structures were smaller than those that had 

been observed in Model 4. 

In contrast to Model 4, a small but significant relationship was seen between BMI 

and the perceived neighbourhood. Children were found to have a higher BMI 

overall if their PCG disagreed to the question whether their neighbourhood offered 

enough green and play spaces, compared to those PCGs who agreed. No 

association existed with the level of perceived neighbourhood safety. 

 

Birth and infancy factors 

In contrast to Model 4, BMI differences found in some of the variables in this group 

did not vary over time in Model 5. Children who were born very early or early had a 
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significantly lower average BMI than term children, overall. The BMI of children 

born later was significantly higher. Children born SGA had a significantly lower 

average BMI than AGA born children overall, and those born LGA had a 

significantly higher BMI. While the differences between groups in both variables 

appear high, they are much smaller than those found in Model 4. The same was 

found for rapid infant weight gain, which led children to have a significantly higher 

BMI in Model 5 overall, compared to children without rapid infant weight gain, but 

this deviation was much smaller than the one seen at the age of nine months in 

Model 4. 

In contrast to Model 4, breastfeeding in Model 5 was not associated with BMI 

changes but the onset of solid food in the infant’s diet was. Children who started 

eating solid food only after the age of six months or later had a significantly lower 

average BMI in Model 5 overall than those children who started eating solid food 

when they were between four and six months old. 

 

Caregiver weight status and stress 

Associations seen between caregiver BMI status and child BMI were similar in 

Models 4 and 5, despite differences in the missing categories. In PCGs, overweight 

led children to have a significantly higher BMI than those with a normal or 

underweight PCG only at the age of five years. Obesity, however, was associated 

with an elevated and increasing BMI trajectory seen from three to five years. 

Among SCGs, both overweight and obesity were related to a higher BMI when the 

children were three years old and to an increasing BMI until the age of five years, 

compared to children whose SCG was normal or underweight. No association was 

seen between PCG stress score and child BMI in Model 5. 

 

Sleep and childcare 

Like in Model 4, children who were in informal, compared to no childcare 

arrangements, had a slightly but significantly increased BMI in Model 5. Sleep 
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duration as well was associated with BMI in both Models 4 and 5. However, while 

in Model 4 a significantly increasing BMI trajectory had been seen in short 

sleepers, compared to children with normal sleep duration, Model 5 showed that 

children with very long sleeping hours appeared to have a lower BMI overall. 

 

Later lifestyle 

Differences in BMI were seen based on lifestyle variables measured in children 

when they were three and five years old. At the age of five years, a small but 

significant increase in BMI was seen with every additional course of antibiotics that 

a child had taken throughout the past 12 months. Additionally, the more 

unstructured physical activity of the child had been reported by the PCG, the higher 

the child’s BMI was at five years of age. Furthermore, compared to children who 

did not participate in organised sports when they were five years old, those that 

joined a sports club twice a month (n=169) had a lower BMI overall, whereas no 

association was seen between more frequent use of sports club and child BMI. The 

largest deviation in BMI among lifestyle factors was seen based on screen use. 

Compared to children who were reported to use screens between one and less 

than two hours per day, those children who used screens never or less than an 

hour had significantly lower average BMI scores when they were five years old (β = 

-0.29 ; 95% CI: -0.45 ; -0.13). No association was seen between the number of 

food pyramid recommendations met by the children and their BMI.  

 

Sensitivity analysis 

Sensitivity analysis did not change the overall findings (results not shown). 

However, a few minor differences were noted compared to the original model, most 

likely due to smaller sample sizes in variables. Overall, urban region (Model 5b), 

neighbourhood availability of play and green spaces (Models 5b-d), childcare 

(Models 5b-d) and onset of solid food in the child’s diet (Models 5c and 5d) were 

no longer significant in the sensitivity analysis while relationships had been seen in 
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the original Model 5. Furthermore, sex (Model 5c), household type (Model 5c), non-

Irish white ethnic background (Model 5c), and caregiver education (Model 5b) were 

no longer significant at the age of three years. At five years, living in a household 

with one caregiver and no siblings (Model 5c), lower secondary education or less 

(Models 5b-d) and higher secondary education (Models 5b and 5c) were no longer 

significantly associated with BMI. 

At three years of age, furthermore, Chinese children had a significantly higher BMI 

in Models 5b (β = 0.93, 95% CI: 0.01 ; 1.85) and 5c (β = 0.97, 95% CI: 0.06 ; 1.88), 

but therefore this association disappeared in both models at five years of age, at 

which point it had been seen in the original Model 5. Lastly, in Model 5b, children 

who spent more than two hours per week in a sports club had a higher BMI overall 

than those who never did (β = 0.13, 95% CI: 0.02 ; 0.24), and those children using 

screens three or more hours per day at the age of five years had a higher BMI 

compared to those who used screens between one and less than two hours (β = 

0.13, 95% CI: 0.01 ; 0.25). 
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Table 27: Multilevel Model 5, showing Body Mass Index (BMI) trajectories between three years and five years of age adjusted for BMI at nine 

months, demographics, birth and infancy factors, parental characteristics, neighbourhood variables and early and later lifestyle. Point estimates 

and 95% Confidence Intervals (CI) are shown. 

 Main effects 
Interaction terms with 
time b 

Model components 
BMI ß-coefficient (95% 
CI) at age 3 years 

BMI ß-coefficient (95% 
CI) at age 5 years 

Number (observations) 15,422  
Number (individuals) 8,085  
Constant 16.62 (16.49 ; 16.75)***  
Log-pseudolikelihood -23904.03  
Wald Chi-Square 5163.95  
Time (3 years) a   

5 years N.A. -1.06 (-1.15 ; -0.96)*** 
BMI at the age of nine months   

Continuous score 0.39 (0.37 ; 0.41)*** -0.05 (-0.07 ; -0.03)*** 
Sex (boys)a   

Girls -0.09 (-0.15 ; -0.03)** 0.23 (0.17 ; 0.29)*** 
Ethnic background (Irish white)a   

Any other white background -0.20 (-0.34 ; -0.06)** 0.10 (-0.04 ; 0.25) 
African 0.07(-0.21 ; 0.36) 0.37 (0.12 ; 0.63)** 
Any other Black background -0.12 (-0.59 ; 0.35) 0.03 (-0.46 ; 0.53) 
Chinese 0.81 (-0.14 ; 1.75) 1.01 (0.06 ; 1.95)* 
Any other Asian background 0.13 (-0.20 ; 0.46) 0.49 (0.15 ; 0.83)** 
Other, including mixed background -0.11 (-0.20 ; -0.02)* 0.03 (-0.06 ; 0.12) 
No secondary caregiver data 0.01 (-0.11 ; 0.12) -0.01 (-0.13 ; 0.11) 

Equivalised household income (highest quintile)a   
Lowest quintile 0.03 (-0.05 ; 0.12) N.A. 
2nd quintile 0.03 (-0.05 ; 0.11) N.A. 
3rd quintile 0.03 (-0.04 ; 0.09) N.A. 
4th quintile 0.02 (-0.04 ; 0.09) N.A. 
Missing 0.05 (-0.05 ; 0.15) N.A. 

Highest education of caregivers (third level) a   
Lower secondary education or less 0.19 (0.03 ; 0.35)* 0.21 (0.02 ; 0.40)* 
Higher secondary education -0.02 (-0.12 ; 0.09) 0.14 (0.02 ; 0.26)* 
Post-secondary education 0.01 (-0.05 ; 0.08) 0.09 (0.03 ; 0.16)** 



 

289 

 Main effects 
Interaction terms with 
time b 

Model components 
BMI ß-coefficient (95% 
CI) at age 3 years 

BMI ß-coefficient (95% 
CI) at age 5 years 

Region (rural)a   

Urban -0.06 (-0.11 ; -0.01)* N.A. 
Household structure (two caregivers, two or more children )a   

Lone caregiver, one child 0.15 (0.01 ; 0.30)* 0.19 (0.01 ; 0.36)* 
Lone caregiver, two or more children 0.08 (-0.06 ; 0.21) 0.19 (0.03 ; 0.35)* 
Two caregivers, one child 0.01 (-0.07 ; 0.08) 0.14 (0.03 ; 0.25)* 

Neighbourhood perceived as safe (agree) a   
Strongly agree -0.01 (-0.06 ; 0.04) N.A. 
Disagree -0.01 (-0.07 ; 0.05) N.A. 
Strongly disagree 0.10 (-0.04 ; 0.24) N.A. 

Neighbourhood perceived to offer green and play spaces 
(agree) a 

  

Strongly agree 0.01 (-0.04 ; 0.06) N.A. 
Disagree 0.06 (0.01 ; 0.11)* N.A. 
Strongly disagree 0.02 (-0.05 ; 0.09) N.A. 

Gestational age at birth (on time)a   
Very early -0.60 (-0.87 ; -0.33)*** N.A. 
Somewhat early -0.25 (-0.39 ; -0.12)*** N.A. 
Late 0.10 (0.01 ; 0.19)* N.A. 

Birth-weight-for-gestational-age (appropriate)a   
Small-for-gestational age -0.32 (-0.41 ; -0.23)*** N.A. 
Large-for-gestational-age 0.36 (0.27 ; 0.44)*** N.A. 
Missing 0.07 (-0.19 ; 0.32) N.A. 

Breastfeeding duration (not breastfed)a   
Less than three months -0.05 (-0.12 ; 0.02) N.A. 
Three to under six months -0.01 (-0.10 ; 0.08) N.A. 
Six months or more 0.01 (-0.07 ; 0.10) N.A. 

Introduction of solid food ( between age four and under six 
months)a 

  

Before age four months -0.03 (-0.11 ; 0.05) N.A. 
After age six months or later -0.07 (-0.13 ; -0.01)* N.A. 

Rapid infant weight gain (no rapid weight gain)a   
Rapid weight gain 0.28 (0.20 ; 0.36)*** N.A. 
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 Main effects 
Interaction terms with 
time b 

Model components 
BMI ß-coefficient (95% 
CI) at age 3 years 

BMI ß-coefficient (95% 
CI) at age 5 years 

Missing omitted N.A. 
BMI status of the primary caregiver (normal/ underweight)a   

Overweight 0.04 (-0.02 ; 0.10) 0.16 (0.09 ; 0.23)*** 
Obese 0.21 (0.13 ; 0.30)*** 0.21 (0.11; 0.31)*** 
Missing 0.21 (0.08 ; 0.34)** 0.10 (-0.06 ; 0.26) 

BMI status of the secondary caregiver (normal/ underweight)a   
Overweight 0.08 (0.01 ; 0.15)* 0.14 (0.06 ; 0.23)** 
Obese 0.21 (0.12 ; 0.30)*** 0.30 (0.19 ; 0.40)*** 
No secondary caregiver interview 0.04 (-0.08 ; 0.15) 0.18 (0.04 ; 0.31)* 
Missing 0.13 (-0.01 ; 0.27) 0.08 (-0.09 ; 0.25) 

Primary caregiver stress   
Continuous score 0.01 (-0.01 ; 0.01) N.A. 

Childcare (no childcare arrangement)a   
Informal childcare 0.06 (<0.01 ; 0.11)* N.A. 
Formal childcare 0.02 (-0.03 ; 0.08) N.A. 

Daily sleep duration (short sleep)a   
Normal sleep 0.02 (-0.03 ; 0.08) N.A. 
Long sleep -0.08 (-0.13 ; -0.02)** N.A. 

Food recommendations met 0.01 (-0.02 ; 0.04) N.A. 

Antibiotic doses in the past 12 months 0.01 (-0.01 ; 0.02) 0.03 (0.01 ; 0.05)* 

Frequency of unstructured physical activity -0.01 (-0.03 ; 0.01) 0.04 (0.01 ; 0.06)** 

Sports club use (never)a   
Twice a month -0.23 (-0.41 ; -0.06)** N.A. 
One hour per week 0.04 (-0.02 ; 0.10) N.A. 
Two hours per week 0.07 (-0.01 ; 0.16) N.A. 
More than two hours per week 0.09 (-0.02 ; 0.19) N.A. 
Missing 0.14 (-0.72 ; 1.00) N.A. 

Daily screen time (one to less than two hours)a   
None to less than one hour -0.01 (-0.08 ; 0.06) -0.29 (-0.45 ; -0.13)*** 
Two to less than three hours 0.01 (-0.05 ; 0.07) 0.06 (-0.03 ; 0.15) 
Three hours or more 0.06 (-0.02 ; 0.14) 0.09 (-0.02 ; 0.21) 

Random effect components   
Residual SD 0.22 (0.13 ; 0.38)  
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 Main effects 
Interaction terms with 
time b 

Model components 
BMI ß-coefficient (95% 
CI) at age 3 years 

BMI ß-coefficient (95% 
CI) at age 5 years 

Measurement (time) 3 0.97 (0.76 ; 1.23)  
Random intercept SD 1.22 (1.09 ; 1.38)  
Intraclass correlation coefficient id 0.64 (0.62 ; 0.66)  

 
a = reference group 

b = β-coefficients in the columns under ‘Interaction terms with time’ display the change in BMI differences between groups 

(categorical variables) or linear changes with increasing score (continuous variable) from nine months to three years and 

from nine months to five years of age, respectively 

N.A. = not applicable, no interaction with time was included in the analysis 

SD = standard deviation 

* p<0.05 

** p<0.01 

*** p<0.001 
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6.4.6 Cumulative changes in body mass index 

Similar to findings in Chapter 5, there was a high chance that several material, 

psychosocial and biological risk factors were present in some children. 

Accordingly, a number of risk and protective factors were grouped together and 

BMI changes in these groups across the ages are shown in Figure 27. Specifically, 

children who lived in rural regions, whose families were in the lowest income 

quintile and whose caregivers had less then third level education (n=768) were 

grouped together, based on their high material risk of OWOB seen in Chapter 5 

(Section 5.5). At the age of three years, their BMI was above the1-SD thresholds of 

the WHO growth standard for boys and girls, which were used to classify OWOB in 

this thesis (details were presented in Chapter 4). At nine months and five years of 

age, the BMI of children with a high material risk was (almost) below all respective 

OWOB thresholds. However, their BMI was higher than in children with material 

protective factors, namely children who lived in urban regions, were in the highest 

income quintile and where at least one caregiver had third level education. 

Children in the latter group (n=712) had particularly low BMIs at the age of five 

years, compared to OWOB thresholds (Figure 27). 

Figure 27 also shows the average BMI of children with a high psychosocial risk, 

namely those in lone caregiver households who attended informal childcare 

(n=293). Their average BMI was similar to that of children with a high material risk 

at all ages. Similarly, the BMI changes of children with a low psychosocial risk (i.e. 

children with two caregivers in formal childcare, n=877) were comparable to those 

of children with a low material risk (Figure 27). 

Additionally, children were grouped as having a high biological risk if they were 

born LGA and slept little (n=208). While their average BMI was comparable to that 

of children with a higher material or psychosocial risk at the age of nine months, it 

was much higher at the ages of three and five years. Moreover, it deviated much 

from the BMI trajectory of children with a low biological risk (i.e. children born AGA 

who slept much, n=1,521). This deviation increased over time. Furthermore, both 

at the ages of three and five years, the average BMI of children in the high 
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biological risk group was higher than the OWOB cut-offs, whereas children in the 

low-risk group were constantly below them (Figure 27).  

Overall, children in material, psychosocial and biological high- and low-risk groups 

appear to have similar BMIs at the age of nine months, after which age deviations 

between children exposed to several risk factors or exposed to several protective 

factors of OWOB appear to increase (Figure 27).  
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Low material risk (n=712) High material risk (n=768)

Low psychosocial risk (n=877) High psychosocial risk (n=293)
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Overweight threshold girls Overweight threshold boys

Body 
mass 
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Figure 27: Body mass index of children with a high or low cumulative biological, 

psychosocial or material risk of overweight and obesity 

Note:   

Low material risk = urban region + highest income quintile + third level education 

High material risk = rural region + lowest income quintile + below third level education 

Low psychosocial risk = Two-caregiver household +formal childcare 

High psychosocial risk = Lone-caregiver household + informal childcare 

Low biological risk = appropriate-for-gestational-age + long sleep 

High biological risk = large-for-gestational-age + short sleep 

Overweight thresholds are based on the 1-standard deviation threshold of the World Health 

Organization growth standard (9 months and 3 years) and growth reference (5 years). 
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To integrate the findings of this and the previous chapter, Table 28 provides an 

overview of factors that were investigated in this thesis and their relationships with 

OWOB, with obesity and with BMI at the ages of nine months, three years and five 

years. Both chapters support the material, psychosocial and biological theories that 

were presented in Chapter 2 (Section 2.4.5) to explain inequalities in the OWOB 

prevalence among young children in Ireland, as can be seen in Table 28. 

Furthermore, there was high agreement between the results in Chapters 5 and 6 

(Table 28). 
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Table 28: Summary of relationships between various overweight and obesity (OWOB) risk factors and 1) OWOB, 2) obesity and 3) body mass 

index (BMI). Relationships at nine months (9 m), three years (3 y) and five years (5 y) of age are based on analysis undertaken in Chapters 5 

and 5 of this thesis. 

Level of the 
SEM 

Population characteristics and 
risk factors of childhood OWOB  

Pathway 
OWOB Obesity BMI 

9 m 3 y 5 y 9 m 3 y 5 y 9 m 3 y 5 y 

Individual 

level 

Sex Biological ) ) - - - - ) ) ()) 

Diet Biological N/A - - N/A - - N/A - - 

Physical activity Biological N/A - - N/A - f N/A - ()) 

Daily screen time  Biological N/A - - N/A ) ) N/A - ) 

Antibiotic use Biological N/A - - N/A - ) N/A - ) 

Daily sleep duration Biological - ) ) - - ) ) ) ) 

Parenting 

styles & family 

characteristics 

Primary caregiver weight status Biological ) ) ) - ) ) - ) ) 

Secondary caregiver weight status Biological - ) ) - ) ) - ) ) 

Gestational age Biological ) ) ) ) ) - ) ) ) 

Birth-weight-for-gestational-age Biological ) ) ) ) ) ) ) ) ) 

Rapid infant weight gain Biological ) ) ) ) ) ) ) ) ) 

Breastfeeding initiation and duration Biological - - - - - ) ()) - - 

Timing of introduction to solid foods Biological - - ) - - - - ()) ()) 

Household structure  Psychosocial - ) ) ()) - - - ) ) 

Primary caregiver stress Psychosocial - - - - - - - - - 
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Level of the 
SEM 

Population characteristics and 
risk factors of childhood OWOB  

Pathway 
OWOB Obesity BMI 

9 m 3 y 5 y 9 m 3 y 5 y 9 m 3 y 5 y 

Community, 

demographic 

& societal 

characteristics 

Household class Material ) - - ) - - - - - 

Equivalised household income Material - - ) - - - ) ) ) 

Highest education of caregivers Material - - ) - - - - ) ) 

Ethnic background of caregiver(s) Biological ) ) ) ) ) ) ) ) ) 

Region Material - - ) - - - ) ) ) 

Neighbourhood perceived as safe Material - - - - - ) - - - 

Neighbourhood perceived to offer 
green and play spaces 

Material - - ) - - - - ()) ()) 

Childcare arrangements Psychosocial ) ) - - - - ) ) ) 

N/A = This variable was not available at the respective age 

SEM = Social Ecological Model 

)An association was seen in this thesis, as discussed in Chapters 5 and 6 

()) Only an inconclusive association was seen 

 



 

297 

6.5 Summary 

In this longitudinal study, changes in BMI in relation to OWOB risk factors were 

investigated that spanned across the first five years of children’s lives in Ireland. As 

children gained in height over time, mean BMI decreased from 18 kg/m2 to 17 

kg/m2 and 16 kg/m2 from nine months to three and five years of age, respectively. 

In all models, BMI decreased over time and appeared to depend on random 

deviations emerging between children (45% in Model 4 to 64% in Model 5) and on 

fixed effects introduced by a number of explanatory variables (p < 0.001).  

Having investigated several obesity risk factors in this cohort, factors occurring at 

birth or during the infancy period had the largest impacts on BMI measured at nine 

months, three years and five years of age. Biological pathways to OWOB that 

influence children’s weight gains through risk factors on the parental level thus 

appear to exist at a very early age and associations persist throughout the early 

childhood years. Differences in BMI from the age of three years additionally were 

seen based on ethnicity and the weight status of the caregiver. Additionally, 

smaller variations in BMI existed based on other risk factors on various levels of 

the SEM. Slight variations between the BMI of girls and boys were seen which 

appear normal according to growth criteria (395). Only small associations existed 

between children’s lifestyles, the most influential being screen use after the age of 

nine months. No or inconclusive longitudinal associations were seen between BMI 

and dietary intake, as well as between BMI and physical activity. 

Longitudinal BMI changes also differed based on socio-demographic group 

membership from the age of three years onward, indicating that material factors 

contribute to the development of OWOB later than biological factors. Similarly, 

associations observed between family structure and BMI changes from the age of 

three years furthermore confirm that psychosocial risk factors evolve between the 

ages of nine months and three years. 

As expected, a high number of risk factors of OWOB or obesity identified in 

Chapter 5 were also related to differences in BMI changes. In particular, 

relationships seen between explanatory variables and OWOB in Chapter 5 were 

similar to those seen with BMI in this chapter, indicating that studies of early 
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childhood obesity should apply the threshold of 1 SD to classify OWOB, using the 

WHO child growth standard. The following chapter will discuss these findings more 

in relation to the evidence retrieved through other studies, and by integrating these 

findings with those from the two previous results chapters. 
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CHAPTER 7:  

 

Discussion 
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7.1 Introduction  

This thesis used longitudinal cohort data from infants and young children up to the 

age of five years in Ireland to investigate OWOB levels and changes in BMI over 

time, in relation to risk and protective factors of childhood obesity. The findings of 

this study addressed a number of research gaps that were identified in relation to 

OWOB in young children in Ireland and adds to the current body of knowledge in 

the wider field of obesity research.  

In Chapter 1 of this thesis, the issue of OWOB and the implications of its rising 

prevalence on health worldwide was outlined. In particular, children are 

increasingly affected by the consequences of OWOB, which are likely to affect 

children’s health and well-being throughout life. Chapters 1 and 2 specifically shed 

light on the youngest children up to the age of five years, who proportionally 

appear understudied in many countries, including Ireland. Chapter 2 furthermore 

presented the conceptual framework that guided the research in this thesis, based 

on the SEM, Monasta et al. (1) and the current state of obesity. 

The nationally representative GUI infant cohort was presented in Chapter 3, due to 

the suitability of this dataset to study OWOB longitudinally and fill the research 

gaps identified in Ireland. The methodology used by the GUI study team as well as 

details of the secondary analysis conducted in this study were described, which 

includes the choice of variables and quantitative analysis techniques that were 

employed in this thesis. 

In Chapter 4, a number of child growth criteria were critically assessed and the 

WHO growth standard, WHO growth reference and IOTF growth reference were 

applied to the GUI infant cohort data to assess the prevalence of weight categories 

over time, in the entire cohort, and stratified by sex. There were large differences in 

the estimated prevalence of OWOB, depending on the criteria used. Overall, the 

prevalence of OWOB appeared high, but declined with increasing age. This was 

discussed in detail in Chapter 4 (Section 4.4.3), and therefore only a synopsis of 

findings as well as their implications for the field of childhood obesity will be 

presented in the course of this discussion chapter.  
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In Chapter 5, risk factors for young children in relation to OWOB or obesity were 

analysed cross-sectionally, based on the SEM and the Co mp lex w eb  o f p o te n tia l 

risk f a cto rs fo r ch ild h oo d  ob e sity  using the GUI data. This was to test biological, 

material and psychosocial pathways of childhood obesity.  

Following this (Chapter 6), the BMI of children in the GUI infant cohort was studied 

longitudinally, using multilevel modelling, to account for changes in children’s BMI 

over time while adjusting for important obesity risk factors to further test these 

theories.  

A number of potential risk factors associated with OWOB, obesity or BMI in young 

children in Ireland were identified in Chapters 5 and 6. Strong associations were 

seen based on factors that occurred at birth and in the infantile period and support 

that biological pathways explain a high proportion of OWOB in young children in 

Ireland. As children grow older, socio-economic grouping, parental characteristics 

and to some extent children’s lifestyles play an increasing role in children’s weight-

related outcomes, suggesting that material and psychosocial pathways are 

increasingly more important for children’s healthy weight development after 

infancy, while biological associations prevail. These findings will be discussed in 

more detail in this chapter. Importantly, the distribution of children in population 

groups that were at an increased risk of developing OWOB implies that children 

may likely belong to more than one high-risk group at the same time, hence 

increasing their risk of OWOB beyond the individual odds seen for single variables. 

In this chapter, the results of previous chapters will be discussed in depth, followed 

by recommendations that can help guide policy-makers and researchers with the 

aim of lowering the prevalence and associated adverse consequences of childhood 

OWOB in Ireland. The discussion will take into account findings from previous 

studies, as well as evidence-based interventions that effectively lowered OWOB or 

the BMI of young children in prior research. Additionally, the Irish policy-context will 

be examined.  
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7.2 Summary and discussion of findings  

7.2.1 Prevalence of overweight and obesity in young children in Ireland 

In the GUI infant cohort, huge discrepancies were found between the prevalence of 

overweight and of obesity depending on which child growth criteria were used. As 

children increased in height over time, mean BMI decreased from 18 kg/m2 at nine 

months to 17 kg/m2 and 16 kg/m2 to three and five years of age, respectively. This 

is higher than the corresponding mean BMIs on WHO growth charts (395). To 

enable better comparability of prevalence estimates across the ages, the 

classification system of the WHO growth reference was used at all ages studied, in 

addition to the WHO growth standard (all ages) and the IOTF growth reference at 

three and five years of age. At nine months of age, 9% of children were overweight 

using the WHO growth standard and 29% using the WHO growth reference. 

Furthermore, the prevalence of overweight ranged from 11% to 32% at three years 

and from 6% to 24% at five years of age based on the respective criterion. 

Additionally, 2% of children were classified as obese at nine months using the 

WHO growth standard and 9% using the WHO growth reference classification. 

Obesity ranged from 3 to 11% at three years and 2 to 6% at five years of age, 

respectively.  

While the WHO growth standard and WHO growth reference appeared most useful 

to study the OWOB prevalence in the GUI infant cohort (165, 336, 337), estimates 

using the IOTF growth reference in the three- and five-year-old children were 

provided for comparison with other research (239, 338, 382). Prevalence of 

overweight and of obesity using the IOTF growth reference was higher than the 

WHO growth standard estimates, but lower than the WHO growth reference 

estimates. Additionally, the prevalence of OWOB and obesity appeared more 

stable from three to five years of age when the IOTF growth reference was used. 

These findings match results in other studies (239, 338).  

Accounting for the differences between various criteria, the prevalence of OWOB in 

this thesis was below the levels that were expected in Irish two- to four-year-old 

children by a global database (5), whereas it confirms findings from the smaller 

National Preschool Nutrition Survey that was conducted in young Irish children 
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around the same time the GUI infant cohort was collected (98). As up to 46% of 

three-year-olds in the nationally representative GUI cohort were overweight or 

obese, prevention efforts are clearly needed before children reach school age, in 

order to lower the prevalence of childhood OWOB in Ireland over time. 

 

Changes in prevalence over time 

For OWOB combined, prevalence was highest at the age of three years and 

declined thereafter, irrespective of the child growth criterion that was applied to the 

GUI data. However, using the IOTF growth reference, only a decline in overweight 

(but not obesity) was seen between three and five years of age, whereas both the 

overweight and the obesity prevalence declined if either the WHO growth reference 

classification or growth standard classification were used consistently across these 

ages. This time trend is consistent with contemporaneous findings from the smaller 

National Preschool Nutrition Survey (98).  

No older data from young Irish children are available for comparison that may 

indicate whether this trend constitutes a time trend in prevalence or an age-typical 

pattern. In many other countries, based on large cross-sectional and longitudinal 

studies, peak OWOB prevalence occurred at an earlier or later age within the early 

childhood years (79, 337, 382), suggesting that variability across the ages is 

normal but not following a clear pattern. The low rate of breastfeeding women in 

Ireland was considered a possible reason for the early peak in OWOB prevalence; 

however only marginal differences were seen between the BMI distribution in 

children breastfed for six months or longer and the distribution in the entire cohort.  

As a result, the fact that fewer children in the GUI infant cohort were overweight or 

obese at five years of age, compared to previous years, possibly supports studies 

which find that OWOB levels in Ireland have stabilised or may in fact be decreasing 

(38). Additionally, findings from Round 4 of the COSI imply that overweight levels 

may have further declined in Ireland two years after the GUI data were collected, 

whereas, similar to findings in this thesis, no change in obesity was seen in the 

COSI (using the IOTF growth reference) (356). Children included in Round 4 of the 
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COSI were born only a year after the GUI infant cohort (41), so both studies are 

comparable. Jointly, the findings of this thesis and the COSI contradict projections 

that OWOB among the youngest children in Ireland may increase until 2030 (5, 7). 

It is possible that the adoption of the HSE Frame w o rk fo r Act ion  on  Ob e sity 2 0 08 -

2 0 12  (100) and the implementation of child-specific strategies outlined in this 

Framework (100) may have contributed to a declining trend in OWOB during the 

GUI study period. These strategies included a number of national health promotion 

and awareness campaigns as well as the regulation of food marketing to children 

(100) and educational initiatives in preschools (396) that may have influenced the 

lifestyles of families and children’s weight gains post 2011. Future follow-up of the 

GUI infant cohort and younger children is warranted to confirm a potential decline 

in childhood OWOB in Ireland and, if applicable, examine the causes.  

At three and five years of age, the strongest association was seen for preceding 

weight status and childhood OWOB and obesity in the cross-sectional analysis, 

adjusted for a large number of risk factors. In the longitudinal analysis, 45% of the 

variation in BMI was explained by the correlation of all BMI measurements within 

the same children, confirming that the tracking of BMI in this cohort was common. 

Compared to under- or normal weight children, those who were overweight at nine 

months or three years of age were more likely to have OWOB or obesity in the 

subsequent measurement, and those who were obese had the highest risk of 

subsequent OWOB or obesity. Specifically, obese nine-month-olds were more than 

eight times as likely to have OWOB and seven times as likely to be obese at three 

years of age, compared to under- or normal weight children. Notably, obese three-

year-olds were nearly 42 and 39 times as likely to have OWOB or obesity, 

respectively, when they were five years old. Between three and five years, a larger 

proportion of the variation in BMI (64%) than from nine months to five years was 

explained by the correlation of BMI measurements within children. This suggests 

that while persistence of weight status from nine months to three years is high, 

proportionally many more overweight or obese children appear to return to normal 

weight by the age of three years than between the ages of three and five years.  

Frequent changes in BMI also were seen in other studies until children turned two 

to three years old, after which age BMI or weight status largely determined 
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subsequent BMI and weight status (28, 77, 397-399) and led to decreases in 

incidence of OWOB over time (32). While the prevalence of OWOB and obesity in 

the GUI infant cohort was higher at the ages of nine months and three years than 

at five years, the plasticity of children’s BMI appears highest in the youngest ages. 

Accordingly, healthy weight promotion may be most effectively introduced to 

families before children reach the age of three years. However, at the age of four to 

six months, children with a high BMI were already at an elevated risk of severe 

obesity in mid-childhood in two other cohorts (400), suggesting that prevention 

should start as early as possible. Despite decreases in OWOB prevalence seen in 

the GUI infant cohort, mean BMI still corresponded to the sex- and age-specific 

75th BMI percentile on WHO growth charts (395) at the end of this study, indicating 

that the average BMI in Ireland is higher than what would be expected in a healthy 

population of zero- to five-year-old children. Hence, the early plasticity seen in this 

thesis should not be understood as a mechanism by which heavy infants will 

automatically grow out of their excess weight states, but high BMIs or weight gains 

before the age of three years should be detected and intervened with early to 

reduce its persistence in this modifiable yet susceptible age group.  

 

Sex differences in body mass index and weight status 

In the longitudinal analysis of BMI, adjusted for various explanatory variables, girls 

were below the BMI trajectory of boys from nine months to three years, before they 

crossed the trajectory of boys and reached a similar BMI at five years of age. A 

trend towards lower BMI in girls appears normal at the ages of nine months and 

three years, according to the WHO growth standard, and differences would indeed 

be expected to disappear, or even reverse, by the age of five years (395). This was 

also previously seen in BMI trajectories of Greek children (382). 

In line with other published research (239, 380, 401), the WHO growth standard 

and WHO growth reference classification identified a higher number of boys than 

girls as overweight and as obese across the ages (not statistically significant in the 

obesity category at nine months and three years using the WHO growth standard), 
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while the IOTF growth reference identified a significantly higher number of girls 

than boys as overweight at five years.  

Notably, when the WHO growth reference classification was used to define weight 

status in the cross-sectional analysis (adjusted for explanatory variables), girls 

were more likely than boys to have OWOB at the age of nine months, whereas this 

trend was reversed at three years and no sex difference in weight status could be 

observed when the children were five years old. Similar differences were seen in 

previous research (382) (Section 4.5). Additionally, the unadjusted differences in 

BMI trajectories seen between boys and girls over time became smaller as more 

variables were included in the multilevel models, but remained significant in all 

analyses, suggesting that these variables do not fully explain sex trends. A study 

by Li et al. (402) found that boys were more likely to follow BMI trajectories 

predisposing them to onset of overweight between two and twelve years of age, 

whereas other researchers did not observe this trend (403). Overall, it appears 

difficult to identify clear sex trends in children until the age of five years in Ireland 

and a longer study period may be needed to confirm the findings by Li et al. (402) 

in the Irish context. However, the contradicting findings in this thesis and other 

studies stress that correct indication of child growth criteria is of utmost importance 

when OWOB levels among young children are reported, as the choice of criterion 

is likely to affect observed sex trends. Furthermore, young children may benefit 

more from interventions targeted at common OWOB risk factors on a population 

level, than from sex-specific strategies. The various risk factors investigated in the 

cross-sectional and longitudinal analysis of this thesis will be discussed from here.  

 

7.2.2 The obesogenic environment of young children in Ireland 

Role of birth and infancy factors on changes in body mass index 

Factors occurring during birth and infancy had the largest impact on BMI changes 

in the GUI infant cohort. Firstly, during all measurements the BMI of children who 

were born very early, early or SGA all remained much below that of term children 

or those born AGA, respectively, despite catch-up growth. Secondly, one in eight 
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children were born LGA and persisted on a high BMI trajectory until the age of five 

years, despite catch-down growth. Children with rapid weight gain from birth to 

nine months of age (25% of children) had the highest BMI throughout the study 

period, even though their weight gain decelerated between the age of nine months 

to five years. Although the effect sizes of these associations became smaller when 

additional variables were introduced to the models, they still remained in three- and 

five-year-old children even when adjusting for their nine-month BMI. Previous 

studies confirm this trend in children born with a small birth weight or prematurely 

(403-405) and in those born LGA (402, 403, 406). A longitudinal investigation of 

weight and fat mass trajectories by Koontz et al. (407) showed that rapid weight 

gain in the first eight months of life resulted in a five times increased risk of 

developing childhood obesity in later life, which is reflected in the trends observed 

in this thesis. Children in the GUI infant cohort were only 2.1 times as likely to be 

obese at the age of three years and 1.4 times at five years. The differences in 

coefficients are likely due to the small sample size in the study by Koontz et al. 

(407); however the direction of their findings was confirmed in this thesis. Overall, 

the cross-sectional analysis in this thesis showed that associations both with 

OWOB and obesity existed with each of these factors at all ages, confirming that 

these risk factors occurring during birth and infancy lead to meaningful differences 

in BMI between young children and should be targeted through prenatal 

intervention.  

It remains to be seen whether children in this cohort maintain their high and low 

BMIs when they grow older, or whether they catch up and down fully, thus meeting 

or exceeding the BMI trajectory of term children born AGA and without rapid infant 

weight gain. Higher BMI trajectories previously observed in children with rapid 

weight gain (168) and those born LGA (28, 406) tracked into later childhood and 

early adulthood in various birth cohort studies (28, 168, 309, 406). A study by Taal 

et al. (159) furthermore suggests that children in different BWFGA groups may be 

split into those who reach population mean BMI in early childhood, and those who 

fail to do so. For example, this may differ depending on maternal gestational 

behaviours and characteristics (408). Importantly, these different growth patterns 

were associated with variations in cardio-metabolic risk during mid-childhood (398). 

It may therefore be relevant to investigate sub-groups of various gestational ages, 
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BWFGA and rapid infant weight gain in future studies to see whether separate BMI 

trajectories exist within these groups and identify factors that lead children to catch 

up or down to the age- and sex-specific norm.  

Additionally, children who started consuming solid food after they were six months 

old (30% of the cohort), compared to those children who started between the ages 

of four to six months, had a slightly lower BMI at the ages of three and five years 

when the analysis was adjusted for various lifestyle variables. Furthermore, the 

odds of OWOB, but not obesity, increased significantly at the age of five years in 

children who were weaned before the age of four months. Also in other studies, 

early weaning increased the OWOB risk in children aged three to eleven years 

(176), but not before that age (184). However, while previous studies saw higher 

OWOB levels in children weaned before the age of four months, they did not see 

the protective effect of weaning after six months or later which was observed in this 

thesis (176). Even though the effect size of later weaning on children’s BMI 

appeared small in this thesis, it implies that between the various recommendations 

on what constitutes the ideal timing (177), a later introduction of solid food after six 

months should be favoured.  

This ties in with recommendations suggesting that children should be breastfed six 

months or longer, which were partly confirmed in this study. Children who were 

breastfed for six months or longer (19%), compared to those who were never 

breastfed, had a slightly lower BMI at nine months and did not fully catch up to the 

BMI trajectories of non-breastfed children by their age of five years. While the 

difference in BMI between these two groups was marginal at the age of five years, 

in the cross-sectional analysis the risk of obesity, but not of OWOB, was 43% lower 

(OR: 0.57; SD: 0.39-0.85) in five-year-old children breastfed six months or longer. 

The mixed findings on a potential association between breastfeeding and child 

weight in this study reflect outcomes of previous research. A protective effect of 

breastfeeding on early BMI trajectories has been shown in various studies, but 

findings differ as to how long-lasting this effect is (153, 402, 405, 409) and the 

possibility of confounding has not been fully ruled out (167, 173). A protective 

effect of breastfeeding on the obesity risk was also seen in older children in Ireland 

(92). Therefore, as the association between infant feeding and children’s 
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subsequent BMI or OWOB was inconsistent across the analyses carried out in this 

study, longer breastfeeding duration may protect some children from moving into 

the highest weight category while this association may not prevail in others. 

It is possible that latent patterns may exist between breastfeeding, weaning and 

other variables that might explain why only weak relationships were seen in this 

study. In previous studies, breastfeeding partly explained SES differences in 

children’s BMI trajectories (78) and lowered the obesity risk particularly in high-risk 

children that had been exposed to GDM (166, 409). The gestational period and 

SES of families temporally precede the infancy period and associations with infant 

feeding are possibly smaller in magnitude, because the models include potential 

mediating factors (e.g. education). The residual association between infant feeding 

and BMI indicates what is not explained by the other variables. Additionally, no 

information was collected on the composition of infant foods in this study. A high 

proportion of children in the GUI study received infant formula, and variations in its 

protein content may explain that no consistent association with BMI was observed 

(184, 410). Moreover, breastfeeding was found beneficial for children’s gut 

microbiome previously (411), effects of which may be lowered after antibiotic 

treatment (198). In fact, antibiotic intake was associated with an elevated BMI in 

this study, as will be discussed later together with other lifestyle factors.  

These findings taken together support the theory that biological links between early 

childhood obesity and various risk factors exist, such as through microbiotal, 

hormonal and epigenetic mechanisms (119, 146, 161) as well as appetite and 

satiety regulation (120, 135). Even if these mechanisms may not be associated 

with weight gain in all children, the promotion of healthy foetal and infantile weight 

gain along with appropriate infant feeding practices may contribute to lowering the 

obesity risk of many children through prevention efforts pursued in the year 

preceding and subsequent to birth, when many risk factors are amenable (119). 
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Associations between the weight status of children and their caregivers 

Major differences in BMI and children’s weight status were seen based on the 

caregivers’ weight status. A higher OWOB risk was seen across children’s ages if 

the PCG was obese. Differences in BMI and in the obesity risk of children only 

emerged after the age of nine months, when children with overweight or obese 

PCGs or SCGs continuously gained more weight relatively to other children. If their 

PCG or SCG was obese, children’s BMI at five years was highest and children 

were twice as likely to be overweight than children with an under- or normal weight 

PCG or SCG, and 2.4 (PCG) to 2.7 (SCG) times as likely to be obese (at the age of 

five years, based on the cross-sectional analysis). This supports previous studies 

that strongly linked a high parental weight status or BMI to children’s increasing 

BMI trajectories, with an aggravating influence as the children grow older (153, 

402, 405) that leads to an elevated obesity risk in children’s adult life (20). Also in 

this thesis, BMI deviations between children with normal or underweight and those 

with obese caregivers increased over time, suggesting that children of overweight 

or obese caregivers may stay on their upward trajectories and have a high risk to 

be obese in their later childhood years. Notably, in Ireland, this affects 

proportionally many children, namely 47% (PCG) and 70% (SCG) of five-year-olds 

whose caregivers’ BMI was available for this study, which is why this risk factor 

should be a major target for childhood obesity.  

Prevention programmes that target the weight status and weight-related lifestyle of 

young adults (including parents and expectant couples) early may have long-

lasting benefits for a healthy weight gain in a large proportion of children. As 

parental lifestyles correlate with those of their young children (221), prevention 

programmes should target their shared environment and behaviours. This may 

benefit both the weight status of parents and children (157, 158).  

 

Changes in body mass index differ in ethnic background groups 

Variations in BMI over time were also observed in different ethnic groups. Children 

from Asian and African descent (each constituting 2% of this cohort) were partly 
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found to gain weight quicker over time, relative to their height, compared to Irish 

white children. While the small number of children in most ethnic background 

groups needs to be acknowledged, findings were similar to those in other studies. 

The highest relative weight gain was seen in children from Asian (excluding 

Chinese) descent, who had a particularly low BMI and a very low risk of OWOB at 

nine months, but crossed the trajectory of Irish white children before the age of five 

years. The difference between Asian and Irish white children at nine months 

became smaller when the analysis was adjusted for more explanatory variables, 

which could be due to the fact that Asian infants tend to be born smaller (412). 

However, the subsequent steep increase in relative weight gain among children 

with Asian background remained after the inclusion of additional variables, 

indicating that birth characteristics did not explain differences after infancy. 

Specifically, children with Asian background had a 2.4 times higher risk of OWOB 

and a 4.1 times higher risk of obesity in the fully adjusted models, compared to 

white Irish children. While it is possible that Asian children may follow different 

growth patterns than those with European ethnic background, due to their genetic 

makeup or other biological factors, cultural and environmental risk factors that were 

not measured in this study should also be considered. Perhaps, interventions 

should be directed at children with Asian descent to limit their rapid weight gain in 

the first five years of life and prevent sudden increases of fat mass and the risk of 

related cardio-metabolic ill-health (30). Children of Chinese ethnicity also had a 

very high BMI when they were five years old, however the sample size of this 

group appears too small to allow for significant conclusions. Future studies should 

sample more Chinese children to examine whether similar growth patterns exist in 

this group.  

Children with an African background had the highest BMI of all ethnic groups when 

they were five years old in most analyses in this thesis, but only appeared to start 

gaining excess weight between the ages of three and five years. This is in line with 

prior research that found the ages of two to four years most relevant in the 

development of different BMI trajectories based on ethnicity (413), and that black 

children were more likely than children in other ethnic groups to follow trajectories 

predisposing them to overweight (402). In the cross-sectional analysis in this 
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thesis, an elevated risk of OWOB and of obesity was seen among five-year-old 

African children. In previous studies, African American children reached their peak 

BMI in infancy (414) and their adiposity rebound (415) earlier than white children, 

the latter of which is associated with an increased risk of OWOB (178). A possible 

reason for the BMI differences observed in this thesis may hence be that more 

African than white children experience an increase in BMI, following on from an 

early adiposity rebound, before the age of five years (415), which would suggest a 

biological cause to their OWOB onset. Nevertheless, the difference between the 

five-year BMI of African and Irish white background children reduced in the fully 

adjusted longitudinal analysis of this study that included lifestyle factors, indicating 

that lifestyle behaviours explain a high proportion of the elevated OWOB risk seen 

in African children. In previous research, elevated BMI trajectories among young 

African children were explained by lifestyle factors (255, 256, 404). These factors 

should therefore be targeted through interventions tailored for children with African 

background. Lifestyle factors did not explain BMI differences in other ethnic 

groups, suggesting that several parallel mechanisms may lead to these disparities. 

Children of non-Irish white ethnicity (8%) had a consistently lower BMI than Irish 

white children that led their trajectory to lie below the majority of children at all 

ages, even when other explanatory variables were included in the analysis. While 

non-Irish white children were less likely to be obese at the age of nine months or to 

have OWOB at three years, the OWOB risk identified in the cross-sectional models 

did not differ at the age of five years. Reasons for this difference may be early 

biological factors, as it was already present at the age of nine months before 

children start acquiring family lifestyles. Additionally, mothers from other countries 

(416) seemed to recognise early OWOB more than Irish-born mothers and hence 

Irish-born mothers may be less likely to seek advice on children’s weight 

management. 

A similar trend to BMI changes in non-Irish white children was seen among 

children with ‘other’ or mixed ethnic background in some, but not all models. The 

sample size of non-African black children was too small to identify meaningful BMI 

differences; however both for mixed background and non-African black children, no 

clear patterns were expected due to the variety of ethnicities potentially included in 
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these groups. A review of recent literature suggests that children from white and 

non-white backgrounds in Western countries follow different BMI trajectories (417), 

which was partly confirmed in this thesis. Generally, young white children appear to 

have relatively lower weight gain (399, 404, 406); however the comparability of 

those studies with this thesis is limited as their study populations vary. Hence, this 

thesis contributes to identifying specific population groups that may require tailored 

interventions to lower inequalities in OWOB in Ireland.  

 

Inequalities in the obesity risk based on socio-economic status 

Significant socio-economic differences were also observed in the BMI trajectories 

of children, likely contributing to inequalities in childhood obesity in Ireland.  

The strongest socio-economic determinant of BMI trajectories in this study 

appeared to be the highest educational level of caregivers in the household. 

Compared to families in which at least one caregiver had acquired third level 

education, other post-secondary education and lower secondary education or less 

were consistently related to higher BMI trajectories when children were five years 

old. BMI scores were highest in households with the lowest educational level, and 

this difference was already visible in children’s BMI by the age of three years. In 

previous studies, high parental education has been associated with lower BMI 

trajectories (404, 406), but differences in this relationship were found between 

countries (153). In this thesis, the educational gradient remained when the analysis 

was adjusted for additional variables, including lifestyle.  

Similar to previously reported findings (78), BMI trends in caregiver education in 

our study only became visible after infancy. A potential reason for this could be 

latent influences of SES on birth outcomes, the latter of which were strongly 

associated with BMI in this study, which may hide early associations of BMI with 

SES. This could not be tested as socio-economic data for this study were collected 

only after birth. Additionally, Ruijsbroek et al. (241) reported higher adherence to 

breastfeeding guidelines among higher educated women. However, as one of the 

associations (with ‘lower secondary education or less’) disappeared in some of the 
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sensitivity analyses and was not seen in the cross-sectional analysis, it appears 

more likely that BMI changes among children in lower educational groups only start 

emerging from the age of three to five years, but that trajectories at this age have 

not widened enough to translate into significant differences in the OWOB 

prevalence. One reason for this may be that children start adopting family lifestyles 

at which point a high level of parental health knowledge may be required to 

promote healthy weight gains (227). Additionally, it was noted in another study that 

a lower level of awareness appears to exist in lower educational groups about what 

constitutes a healthy weight in three- and five-year-old children (416) and the 

environments of these families tend to be more obesogenic (242). However, 

awareness was not assessed in this thesis. As inequalities in the obesity 

prevalence based on SES appear to increase worldwide (81, 82), early differences 

in BMI should be taken seriously and sustainable interventions delivered to 

families. Based on this, children in the age group of three to five years may benefit 

from educational interventions delivered before this age which take advantage of 

the early weight-related plasticity identified in this study. 

While associations with caregiver education only were seen at the ages of three 

and five years, children in the lowest income quintile, compared to the highest, 

followed a slightly elevated, but not aggravating BMI trajectory at all ages. 

However, this association disappeared when lifestyle variables were integrated in 

the analysis and in most sensitivity analyses, indicating that families on the lowest 

income may pursue different lifestyles to others. For example, they may have less 

access to affordable healthy food (27, 236) and less opportunities to pursue 

physical activity, as they may not be able to afford a house with a garden or to 

enrol their children in sports clubs. In turn, this would be expected to lead children 

to spend more time using screens or pursuing other sedentary behaviours, and 

families to adopt unhealthy behaviours to cope with potential food and housing 

insecurity (227, 237). Surprisingly, a lower OWOB risk was seen in the lowest 

income quintile when children were five years old, which may have occurred 

because the analysis was adjusted for several other variables. No relationship was 

seen with either OWOB or obesity and income at any of the other ages, indicating 

that income may not explain much of the OWOB prevalence in Ireland or that the 

relationship may be fully explained by differences in lifestyle and living conditions.  
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Additionally, children in families who could not be grouped into a social class were 

more likely to have OWOB or obesity at the age of nine months than children in the 

managerial and technical class. However, this had no long-term implication on their 

OWOB or obesity risk, neither in the cross-sectional nor in the longitudinal 

analysis. As previous studies observed a social class gradient in early childhood 

(413, 418), it is possible that this relationship was fully explained through the 

inclusion of other variables in the models.  

Despite the small association that was partly seen between income and BMI, it 

should be noted that more children in this cohort lived in families with lower than 

third level education than in families in the lowest income quintile, suggesting that 

interventions delivered to parents with lower educational levels may reach out to 

more children who are at risk of gaining excess weight. Additionally, in a 

systematic review of SES and adiposity, high parental education was more 

consistently associated with lower OWOB levels in children aged five years and 

older, compared to income or occupation as alternative indicators of SES (419). 

These findings indicate that material pathways likely explain inequalities in the 

OWOB prevalence between children. To reduce inequalities in OWOB, resources 

increasing the health knowledge and awareness of OWOB among parents may be 

needed as much as financial incentives that facilitate behavioural changes. 

 

Obesity risk factors in the psychosocial environment of children  

Large variations in BMI were associated with family structure. Single children partly 

had a slightly lower BMI than children with at least one sibling at the age of nine 

months. However, at five years of age, children who did not have at least one 

sibling or who lived in lone-caregiver families followed elevated BMI trajectories, 

with the highest BMI seen in single children with one caregiver, confirming previous 

literature (404, 420). These differences translated into a higher OWOB risk among 

children in lone-caregiver households, suggesting that psychosocial pathways may 

impact on the risk of early OWOB. When lifestyle variables were introduced to the 

multilevel model, the differences between children’s BMI based on family structure 

narrowed down. This suggests that variations in lifestyle between one- and two-
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caregiver families as well as between families with one or more children may differ 

and partly explain why some children put on excess weight, as has been 

suggested in previous studies (224, 226). For example, bigger families were found 

to eat more meals together (226) and watch less TV, whereas single children may 

tend to be more sedentary than children who can play active games with their 

siblings (223). In turn, lone caregivers are more likely to lack social support in and 

outside of the household (223, 227) and may have to accommodate their children’s 

needs with a tighter budget and timely schedule than coupled caregivers (223, 

227). It is therefore not surprising that lifestyles between families with different 

household structures differ. 

The inclusion of PCG stress in this study retrieved inconclusive results, implying 

that this may not be a standalone risk factor for high BMI trajectories in Ireland. It 

needs to be acknowledged that the inclusion of household structure in the analysis 

may have captured the level of stress that may lead families to adjust their weight-

related routines, to cope with the lack of support from a second caregiver, e.g. by 

compromising on time-consuming and expensive activities. In contrast, other 

(temporary) sources of stress included in the stress score may not lead families to 

lifestyle adaptations that might impact on children’s weight gains. 

By the age of five years, 20% of children in the GUI infant cohort lived in household 

structures that were associated with an elevated BMI (as detailed above). Hence, 

differences in household structure are likely to contribute to inequalities in the 

obesity prevalence in Ireland, which adds to the limited findings in previous studies 

(27). Particularly families depending on a lone caregiver may require additional 

support before their children turn three years old, in order to remove these 

inequalities. Furthermore, single children may benefit from enrolment in childcare 

institutions that promote active play with other children at this core time of 

developing lifestyle routines and confidence in physical activity.  
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The wider obesogenic environment of children outside the family home 

More than half of the children in this study lived in rural regions and were following 

a slightly higher BMI trajectory throughout the ages than children in urban regions. 

This is in line with other studies that reported similar findings in childhood (421) 

and until late in adolescence (406). Although the difference between these two 

groups in the GUI cohort was small, it translated into a higher OWOB risk among 

children in rural regions at the age of five years. A likely reason for this are larger 

distances to food outlets, childcare and recreational facilities in rural regions, which 

require families to rely on their car or public transport more, the latter of which is 

often underdeveloped in rural areas. Families may accordingly walk less or 

consume the limited range of (unhealthier) affordable food options that are typically 

available in small, local shops (85). Consequently, local shops and community 

services (including childcare) may need to be subsidised to offer families living in 

rural regions in Ireland the same healthy choices that are available in cities. While 

the difference in BMI between children in rural and urban regions was small, the 

impact of this difference on population-level should not be underestimated, due the 

high proportion of children who live in rural regions. 

Additionally, BMI changes were investigated in relation to the degree of safety that 

the PCG perceived in the neighbourhood, as well as the perceived level of green 

and play spaces that were available in the neighbourhood. In the various 

longitudinal models assessing BMI changes as well as in the cross-sectional 

analysis investigating weight status, only inconclusive results were seen. Lower 

perceived neighbourhood safety was previously related to OWOB in a cross-

sectional Portuguese study (250). However, no relationships between children’s 

BMI trajectories and perceived or objectively measured neighbourhood 

characteristics other than rural region were seen in a Canadian cohort (421) and a 

US cohort (251), despite marginally lower levels of physical activity and higher 

screen time use among children in neighbourhoods perceived as unsafe (251). 

Additional efforts may therefore be needed to deliver interventions in rural settings 

in Ireland generally, while a focus on individual neighbourhood characteristics may 

not contribute to lowering OWOB levels in young children in Ireland. However, it 
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should be considered that the perception of the neighbourhood may vary between 

families and that associations with objectively measured characteristics may differ. 

Moreover, nearly a third of children were in informal childcare arrangements and 

had a slightly elevated BMI, compared to those who were not in a permanent care 

arrangement, a difference that did not change over time. The elevated BMI led 

children in informal care arrangements to be at a higher risk of OWOB at the ages 

of nine months and three years, which is in line with prior research (174, 243), 

indicating that the influence of the psychosocial environment of children on their 

weight extends beyond the immediate family.  

Notably, children in formal care arrangements had similar BMIs to those who were 

not in permanent care, which is most likely due to the fact that formal childcare 

institutions are better regulated and employ trained carers who may encourage 

physical activity and healthy diets more than untrained informal carers. Many 

informal carers were relatives of the child and may want to spoil children by 

allowing them treat foods and additional screen time, as has been seen in previous 

research (243, 396). Furthermore, the higher OWOB risk of children in non-

parental childcare does not appear to be attributable to shorter breastfeeding 

duration and earlier weaning (243), as the latter variables were included in the 

analysis of this thesis. Additionally, even though this mechanism was observed in 

older children in Ireland previously (422), it would be expected to be seen among 

children in both formal and informal childcare settings. Considering the high 

proportion of families that avail of informal childcare arrangements in Ireland, the 

educational role of informal carers may need to be emphasised more, and parents 

and informal caregivers should seek the dialogue about weight-related behaviours 

of children to protect them from obesity. 

 

Early weight-related lifestyles of young children 

A number of associations were found between children’s lifestyle factors and their 

BMI trajectories, the largest of which was seen between daily duration of screen 

use and BMI at the age of five years. Children who used screens less than an hour 
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a day or not at all had almost 0.3kg/m2 lower BMI scores than those who used 

screens between one and two hours a day, based on what the PCG reported. This 

is in line with prior research (423, 424). Accordingly, children who used screens 

less than an hour or never were much less likely to be obese, whereas children 

who used screens three hours or more had a much higher obesity risk, which was 

also observed in older Irish children (388). The sedentary nature of screen-based 

activities and the resulting reduction in energy expenditure deliver a plausible 

explanation for this relationship. Additionally, screen time may trigger children’s 

excess weight gain through the influence of food advertising on food consumption 

(27), through the release of stress hormones (210) or through a reduction in sleep 

(213), and it is possible that these mechanisms act in congruence, hence 

explaining the strong association seen in this study. While no association was seen 

at the age of three years, this may likely be due to measurement errors, as parents 

were only asked about the time children spent watching TV, which is unlikely to 

give a full account of the totality of screen use. Notably, high screen use at the age 

of two years tracked into adolescence in a Canadian study and was related to an 

unhealthy diet, high BMI and reduced school engagement at age 13, which 

stresses the long-lasting impacts early lifestyles can have on children’s weight and 

weight-related behaviour that may reach into other areas of children’s development 

(425). An early focus on minimising the amount of screen time may therefore help 

children adopt healthy lifestyles in later life and provide an important opportunity for 

children’s development beyond a healthy BMI. 

Furthermore, children who slept little had a slightly lower BMI than children with 

normal sleep at nine months of age; however this association reversed and short 

sleepers exceeded the BMI of normal sleepers at three years, remaining on a 

slightly increasing trajectory thereafter. When the analysis was adjusted for other 

lifestyle factors, this association disappeared and instead children with the longest 

sleep were found to have significantly lower BMI scores overall. Accordingly, a 

higher OWOB risk at the ages of three and five years was seen in short sleepers, 

whereas the risk of obesity in long sleepers at the age of five years was even 

below that of normal sleepers. In another study, the longitudinal follow-up of 

children’s sleep habits from the age of six months to seven years confirmed that 

BMI scores were higher among seven-year-old children with chronically shorter 
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sleep (216), implying that the trend seen in this thesis continues as children grow 

older. Thus, the importance of children’s adequate sleeping hours may need to be 

communicated more to parents. Importantly, while short sleeping hours should 

clearly be avoided, longer than average sleeping hours appear beneficial for a 

healthy weight development and should be promoted by parents. 

A small positive association between antibiotic intake and BMI as well as with 

obesity were observed when the children were five years old, suggesting that 

metabolic processes, such as due to an alteration of the gut microbiome (198, 

411), may influence children’s early weight gain. A similar small relationship 

between increasing number of antibiotic courses and BMI, overweight and obesity 

was consistently seen in systematically reviewed cohort data previously (120, 199). 

The relationship was independent of common childhood infections (426) and was 

not observed for non-antibiotic medication (427), which implies that not the treated 

disease but the antibiotic treatment itself is likely to trigger weight gain in children. 

Similar to the findings in this study, differences across the ages were seen in a 

British cohort study (427), which may be due to other factors impacting the gut 

microbiome of young children (197, 198), and a cohort study is recently 

investigating this relationship in depth (428). Unfortunately, no data were available 

to test the relationship between antibiotic intake and BMI in the GUI infant cohort at 

the age of nine months. Nevertheless, the findings from this study stress that 

healthcare professionals should prescribe antibiotics to children cautiously, and 

when antibiotic treatment is required, they should consider the choice of antibiotics 

(426) and the simultaneous prescription of probiotic supplements (429).  

Surprisingly, no clear relationship was seen between BMI and either the diet or 

physical activity of children. Small relationships existed between BMI and both 

unstructured and structured physical activity at the age of five years; however both 

coefficients were very small and the findings inconclusive. Similarly, no conclusions 

can be drawn from the food composite score used in this thesis, which was not 

related to BMI or weight status in the analysis. Alternative models that replaced the 

food composite score with individual food groups also did not identify associations 

with BMI, OWOB or obesity. High BMI trajectories among young children were 

associated with the consumption of fast food and sugared drinks in previous 
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studies while lower trajectories were seen if children consumed a high amount of 

vegetables and wholemeal cereals or participated in organised sports (188, 404, 

423). However, inconclusive relationships between dietary behaviours and BMI or 

weight status as well as no relationship with physical activity were seen in 

preschool-aged children across seven European countries (430, 431).  

In terms of children’s dietary intake and physical activity, it is likely that the 

variables used in the GUI study may not be representative of daily dietary intake 

and physical activity and that a different, more detailed set of variables should 

preferably be used to assess these variables in the future. The present physical 

activity scores are based on a number of different unstructured and playful physical 

activities, and on sports club use, both of which were self-reported by the PCG. 

Children in this cohort had just started attending school before the physical activity 

data were collected, which is why physical education in school was not integrated 

in the analysis. In the future, a more comprehensive composite score or even the 

use of a pedometer to measure activity levels should be considered to better 

capture physical activity in young children. Additionally, based on the underlying 

food frequency questionnaire, an accurate assessment of children’s diet was 

impossible. Self-reports of food are often subject to bias as these may be 

unintentionally incomplete, or they may be adjusted by caregivers based on their 

perception of foods which are more or less socially desirable (296, 432), possibly 

masking or reversing relationships between diet and childhood obesity (433). In 

future studies, a combination of food diaries with food quantity questionnaires 

appears preferential, in order to assess portion sizes and an accurate account of 

the dietary composition.  

Beyond the potential of measurement error, a number of studies suggest that the 

effect of early diet and physical activity on weight status may only become visible 

at a later age, bearing the risk that parents and carers of young children may 

underestimate the importance of lifestyle behaviours (202, 203, 430). Notably, 

dietary patterns were found to change little from the ages of two to five years 

previously (287) and high continuation of physical activity and dietary habits from 

childhood into adulthood was seen in a broad systematic review (434). Together 

with the findings of sleep duration, screen time and antibiotic intake, in relation to 



 

323 

BMI in this thesis, this indicates that a healthy lifestyle should be pursued early in 

children’s lives in order to prevent them from developing OWOB. As it is likely that 

parental and children’s lifestyles overlap after the infancy period (221), families 

need to be tackled jointly. 

 

7.2.3 The extended conceptual model 

The findings presented in this thesis add to the literature on early childhood 

obesity, and to the SEM by Reed et al. (8) and the Comp lex web  o f p o ten tia l 

d e te rmina n ts of o ve rwe igh t a n d o be sity in  ch ildre n  by Monasta et al. (1) in 

particular. The findings confirm that the extended conceptual model presented in 

Chapter 2 (Section 2.5.1) is a useful guide to studies of childhood obesity, with a 

few small amendments that are shown in Figure 28 and discussed below.  

On the individual level, as suggested in Chapter 2 (Section 2.5.1), antibiotic use 

was added to the model, due to the association with OWOB at the age of five years 

seen in this thesis. Associations of OWOB with other individual-level factors (gut 

microbiome, physical activity level, increased food intake and sex) were not seen in 

this thesis; however these factors are suspected to lie on the pathway to OWOB 

and should therefore be investigated in future studies (Figure 28). 

On the level of parenting style and family characteristics, gestational age (early and 

late birth) and household structure (lone caregiver and living with siblings) were 

added to the final model, as these factors were associated with OWOB at all ages 

studied. However, Chapter 2 (Sections 2.3.3 and 2.5.1) suggested that children in 

lone-caregiver households may be at a higher risk of OWOB partly due to 

increased caregiver stress. No meaningful relationship with caregiver stress was 

seen in this thesis. In fact, based on the literature presented in Section 7.2.2, it is 

suggested that a lack of social support may better explain the relationship with 

OWOB. This should be explored more in future research (Figure 28). 

On the level of community, demographic and societal characteristics, ethnic 

background and informal childcare use were added to the model (Figure 28).
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Figure 28: Verified extended Complex web of potential determinants of overweight and obesity in children, based on Monasta et al. (1), Reed et 

al. (8) and findings from this thesis in children aged zero to five years  

Note:  

red colour = individual level; orange colour = parenting style and family characteristics; blue colour = community, demographic and societal characteristics; 

factors in brackets & italics = factors need to be investigated in future studies 

F ac tors  adde d to  the  mo de l  bas ed on t he f in din gs  of t hi s  thes is :  a = association at 9 months, b = association at 3 years, c = association at 5 years   

SES = Socio-economic status  
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7.3 Possible actions needed to lower childhood overweight 

and obesity in Ireland 

Based on the findings of this thesis, a targeted approach to lowering OWOB in 

young children could help to reduce inequalities between children from various 

population groups or exposed to a variety of risk factors. Effective prevention, 

intervention programmes and policy-making are required that aim at controlling 

childhood obesity and its consequences for population health in Ireland. The 

cumulative evidence of this and other studies from Ireland indicates that there is a 

possibility to halt, and possibly reverse, the increasing trend of childhood OWOB 

over time; however the multi-faceted nature of OWOB needs to be acknowledged 

and targeted appropriately. The results of this thesis can be used as a guide to 

inform strategies aiming to reach decreases in prevalence of and inequalities in 

OWOB. Specifically: 

¶ Prevention and interventions are needed before school entry, with a strong 

focus on the ‘first 1000 days’ of children’s lives  

¶ Prevention and interventions are needed that extend across various areas 

of the obesogenic environment young children grow up in and tackle defined 

risk factors and groups identified in this study jointly. This is because many 

risk factors exist that only affect a small proportion of children or only lead to 

marginal changes in BMI if studied in isolation  

¶ Prevention and interventions for different risk factors and groups are needed 

at different time points throughout the development of young children. 

Biological risk factors should be targeted before birth, a multitude of material 

and psychosocial factors targeted within the first three years of children’s 

lives and healthy lifestyles continuously promoted thereafter. 

In the following section, a number of recommendations are described that were 

derived from the findings of this thesis outlined previously (Section 7.2). 

Recommendations for future research in the area of childhood obesity that arise 

from this study will be discussed below. Furthermore, recommendations for policy-

makers will take into consideration the policy framework in Ireland that may be 

supportive or act as a barrier to pursuing these goals.  
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7.3.1 Policy recommendations 

Health in All Policies 

To effectively lower early childhood OWOB levels, interventions that operate 

through changes at policy level are needed (435) and Health in All Policies as well 

as whole-of-government approaches are increasingly in more demand and utilised 

(436), including in Ireland (437). It is argued that sectors other than the food 

industry need to be approached and that the promotion of healthy child weight 

should be integrated at various policy levels as single interventions are rarely 

effective (436). Based on the findings in this thesis, policy sectors involved in 

transport and local planning and childcare and preschool services may need to 

develop strategies, in addition to the healthcare sector, that may potentially help to 

lower (inequalities in) OWOB levels. Policy-led intervention programmes that target 

various levels of children’s obesogenic environments and promote the 

collaboration of stakeholders within and across these levels have potential to 

decrease childhood obesity both in urban and rural regions (438). However, 

effective interventions that stretch across different areas of early child development 

rarely occur (435).  

Moreover, there is a need to develop both more scalable interventions (439) and 

interventions tailored to minority groups (440) and specific settings (441), as well-

planned multi-component interventions to lower OWOB levels in young children are 

likely to fail if delivered at scale only (441). Hence, various hierarchical levels of 

policy interventions, for example a combination of national and local strategies, are 

required to encourage behaviour change and address childhood obesity on a 

population-level. National strategies in this regard have the potential to effectively 

reach out to the whole of society, change behavioural norms and provide 

resources for sustainable implementation, whereas tailored policies are needed to 

target the physical environment of children and local needs (442). For example, the 

EU School Fruit Scheme provides funding to EU countries for running national 

programmes to increase the consumption of fruit and vegetables in preschool 

settings. EU countries that avail of this funding are required to match this funding 

and deliver these programmes on a national level. However, it is up to preschools, 
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on a local level, to implement the programmes effectively, which may involve the 

cooperation with local fruit and vegetable suppliers or canteen services (442).  

In Ireland, the Obe sity P o licy a nd  A ction  P la n  2 0 16 - 2 0 25  aims to reduce 

inequalities between the highest and lowest socioeconomic groups by 10% through 

a combination of national actions and targeted policies, such as in children and 

disadvantaged groups. To achieve this, two levels are proposed, ôtop- downô 

measures where different sectors play key roles in shaping the obesity prevention 

environment and óbottom- upô approaches which empower individuals, families and 

communities to make healthier choices and inform relevant sectors of future 

strategies (35). 

To respond to the multi-faceted nature of OWOB risk factors identified in this study, 

Irish policy-makers should take various factors into consideration that contribute to 

the obesogenic environment of young children and their families. In Ireland, 

changes in the physical environment may be needed that require policy 

involvement particularly in rural regions. This may involve an increase of healthy 

foods in shops and a reduction in availability of cheap takeaway restaurants, as 

has been initiated through policies in the UK (442). Furthermore, regulation of 

media content may help lower children’s exposure to marketing through screen 

use. However, both the physical environment and media environment of families 

are difficult to control and thus appear unsuitable for trials; as a result, evidence-

based interventions that might be applied to the Irish context are missing (440, 

442).  

As psychosocial risk factors of early childhood OWOB were observed in this study, 

this highlights the need for policy-makers to take account of contextual factors, 

such as the employment situation of parents which largely determines family 

routines (440). For example, to promote healthy infant feeding, better regulation of 

maternity leave and more flexible working arrangements may be needed In Ireland 

where these appear to influence feeding practices (443), while improved working 

conditions during pregnancy may help lower the risk of preterm delivery (444). 

Such changes will require the joint effort from various policy sectors and are not 

feasible through individual bottom-up approaches. However, given the strong focus 

on early intervention and its potential benefit on the life-cycle of obesity and overall 
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population health (35), this should be made a core priority in Ireland. Furthermore, 

this may have the potential to reduce early (socioeconomic) inequalities, as a 

prolonged period of sustained income during maternity leave may relax the 

financial situation of families otherwise struggling to afford high-quality childcare 

services. 

The Healthy Ireland Strategy (445) sets out to include early prevention and 

intervention, as well as health promotion across policy sectors by 2025. To date, 

this has resulted in a voluntary code of practice that limits the marketing of food 

high in fat, sugar or salt in non-broadcasting media including retail environments 

(446). Furthermore, a ban of food marketing on children’s TV channels exists in 

Ireland, however this appears relatively ineffective as children continued to be 

exposed to a high level of advertising after the ban came into effect (447). Hence, 

these policies are unlikely to contribute to a reduction of the association between 

screen use and OWOB seen in this thesis, unless implemented more effectively, 

e.g. by banning food marketing from all TV channels and media other than TV. 

To encourage Ireland in the pursuit of more inclusive weight-related policies, more 

efforts may be required to translate health research into policies. In Ireland, a lack 

of prioritisation among policy-makers was identified as a potential barrier for the 

promotion of childhood obesity prevention strategies (437). Better priority-setting 

that considers the integration of obesity prevention across sectors may be reached 

through (economic) evaluations (437), for example using microsimulation models 

to investigate cost-effectiveness of interventions (16, 448). The recent cost-of-

illness study on childhood obesity in Ireland can help guide evaluations (16). 

 

Breaking the life cycle of obesity: Establishment and use of early points 

of contact 

This study showed that prevention efforts are required before children start 

attending school, whereas internationally and in Ireland, most healthy weight 

promotion is delivered in the school setting and thus targets older children (205, 

449). While it is relatively easy to reach out to children through schools, points of 
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contact before school entry are more scattered, with few that are regularly 

accessed by all families. The aggravating relationship between caregiver and child 

BMI over the first five years of life that was seen in this study confirms the notion 

that parents pass on their weight status to the offspring. If the development of high 

birth weight and rapid infant weight gain could be reduced through effective 

intervention during pregnancy (450), and risk factors found during infancy and early 

childhood be targeted through continued prevention and intervention subsequently 

(451), many young children may not move into the overweight or obesity category 

before school entry. Consequently, fewer children could carry excess weight into 

adolescence and adulthood, and fewer adults would ultimately pass on an 

increased obesity risk to the next generation. To fully exploit this early opportunity 

to lower OWOB throughout the life-cycle, contact points in Ireland need to be 

identified and prevention strategies effectively incorporated in them that can 

support all families in protecting young children from excess weight gains. Some 

potential options are discussed next. 

 

Childcare and preschool services 

One such point of contact that was frequently availed of by families in this study is 

the early childcare setting. Formal childcare institutions were previously found 

useful to give children access to a healthy diet and sufficient physical activity and 

may have the potential to reduce prevalence of and inequalities in childhood 

obesity in Ireland (452-454). Importantly, previous interventions delivered through 

the childcare setting that only focused on the diet of children had little to no impact 

on child weight outcomes, whereas combined lifestyle interventions appeared more 

effective that included the home and community environments children live in 

(452), both of which were associated with OWOB in this thesis. Additionally, 

interventions tend to require expert delivery to be effective (452); hence the 

resources required for effective prevention of obesity through childcare settings 

should not be underestimated.  

Moreover, as was seen in this study, not all children regularly attend childcare, and 

many families make use of informal care arrangements that are not subject to state 
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regulation. As the cost of crèches in Ireland is high, families with a low income or 

who have more than one young child requiring childcare may tend to use informal 

childcare arrangements more, which in fact was associated with higher OWOB 

levels and a slightly higher BMI in this study. Hence, policies solely addressing the 

care of children in formal childcare institutions may help decrease the total 

incidence of OWOB in young children but may contribute to inequalities between 

those children attending and those not attending these institutions. Ideally, formal 

childcare should be substituted and made accessible to all children; however this 

may not be feasible from a cost-perspective.  

Preschool may therefore be more suitable to reach out to children across income 

groups and social strata. For example, the provision of healthful food (such as the 

provision of free fruit under the EU School Fruit Scheme) as well as nutrition 

education can effectively contribute to reducing inequalities in childhood obesity 

(442). Similarly, the inclusion of physical activity in preschool curricula is a cost-

effective strategy to increase exercise (455) and the reduction of screen time could 

also be addressed in preschools (442). Nevertheless, it needs to be acknowledged 

that only three hours per weekday within the academic year in preschool are free 

of charge for three- to five-year-old children in Ireland (456), which limits the 

opportunity for behavioural interventions during preschool hours. It is rather 

programmes delivered through preschool that involve home-based components, 

such as nutrition education and skills provided to children and their parents through 

the preschool setting, which hold promise as a sustainable and cost-effective 

intervention (442), as behaviours learned or pursued in preschool can effectively 

be reinforced in the home environment and vice versa (457). A positive example is 

the European ToyBox intervention study that achieved an improvement in weight-

related lifestyles both among children attending preschool and their families over a 

nine-month period. Delivery of this intervention was at a relatively low cost per child 

and evaluated likely to be cost-effective, in addition to a high feasibility and 

acceptability among families across social classes (442). 

In Ireland, nutrition guidelines for preschool services exist (458) and preschools 

can participate in the SMART START (459) training programme which educates 

preschool staff to deliver appropriate care to children and promote healthy weight-
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related behaviours in preschools. Additionally, educational materials are available 

to preschool staff through a tailored online hub (460) and the Get Irelan d  A ctive ! 

website (461). Ge t Ire la n d  A ctive !  also sets out the development of National 

Guidelines on Physical Activity for children aged zero to five years through the 

Health Service Executive by 2018 and the promotion and inclusion of physical 

activity in childcare and preschool services by 2020 (462). As of October 2018, 

these plans have not been implemented; however the K ids A ctive  Ph ysical A ctivity 

Reso u rce  was developed in 2017 to increase children’s fundamental movement 

skills and physical activity in Irish preschools (463).  

Numerous scalable resources thus are available to or planned for implementation 

in preschools in Ireland; however children do not start attending preschool before 

the age of three years (456), which may be too late as sole point to deliver 

prevention strategies, given the high prevalence of OWOB before this age. The 

adaptation and implementation of successful programmes to (informal) childcare 

settings should therefore be explored to target the youngest children. Educational 

materials and interventions delivered in preschool should furthermore be provided 

to families for home use. While the initiatives in preschool should be continued, an 

evaluation of their (cost-) effectiveness may help focus this width of resources.  

 

Healthcare providers and community services 

A promising point of contact that is part of the policy agenda in Ireland lately (35) 

can be found in the delivery of primary healthcare and health services (105) as 

they can reach out to families before children start attending (pre-) school and 

already during or before pregnancy. While a deep debate about the Irish 

healthcare system is beyond the scope of this thesis, it should be mentioned that 

the efficiency of the system gained much attention publicly in the past decade. The 

system was long criticised for its resistance to change and reforms that were not 

(fully) implemented, as well as budget cuts owing to the economic disruption of 

Ireland due to the recession from 2008 to 2010 (87). Since the GUI infant cohort 

data were collected, the role of health services in raising awareness and managing 
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OWOB in young children has been acknowledged more (464, 465), providing an 

opportunity to lower OWOB levels through various levels of healthcare provision.  

Ireland announced to take a life-course perspective on obesity (35) and various 

policies, frameworks and health information resources emerged in the decade after 

the GUI infant cohort was born that aim at lowering obesity levels in the youngest 

children. It is now time for health policy-makers to connect these initiatives, 

reinforce their implementation and evaluate their outcomes, in order to ensure 

continuation of care from preconception through pregnancy and the first five years 

of life. It is furthermore of utmost importance to identify and remove bottlenecks, 

such as staff shortages and time-constraints that presented barriers to effective 

healthy weight promotion in Ireland previously, as well as to close loopholes that 

may exclude individual population groups from the benefits of these policies.  

Already family planning services and antenatal service providers should promote a 

healthy lifestyle, to target parental weight and children’s birth outcomes before and 

during pregnancy. High GWG, particularly in the first two trimesters of pregnancy 

(48, 119) is related to both high birth weight (119, 124) and rapid infant weight gain 

(163), which were associated with the highest BMI in this study. Dietary, exercise 

or combined interventions delivered to pregnant women effectively reduced 

excessive GWG in various randomised controlled trials (450), implying that 

gestational behaviours can be targeted through effective healthy weight promotion. 

In addition to the promotion of general advice on healthy gestational lifestyles, the 

implementation of interventions in diabetic women through antenatal services 

should be promoted. Similar to GWG, GDM is associated with high birth weight 

(129); however excess foetal growth can be slowed down and the risk of 

macrosomia and neonatal adiposity lowered through a controlled diet, physical 

activity or insulin therapy in diabetic women (119, 450).  

Furthermore, resources for effective weight management should be extended to 

family planning services which offer an additional opportunity to decrease the risk 

of future childhood obesity before pregnancy. Prior research identified an elevated 

risk of large BWFGA and lower breastfeeding onset and duration if mothers were 

obese before pregnancy (466). Furthermore, a reduction in pre-gestational BMI 

among overweight or obese women combined with limiting their GWG can 
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effectively lower the risk of GDM (119). Additionally, a high maternal pre-pregnancy 

BMI was found to be indicative of pre-term births (119, 126) and nutrient 

deficiencies were found to occur in children of smoking women in the womb and 

after birth (128, 132, 133), both bearing a high risk for rapid infant weight gain 

(162). As adult OWOB and smoking are highly prevalent in the Irish population 

(467) these factors should be targeted through counselling before the onset of 

pregnancy to eliminate their impact on foetal and infantile weight gain. While only 

one third of women accessed preconception care in Ireland until recently, Healthy 

Ireland intends to make early health counselling available to more women (467), 

which could open doors for novel prevention strategies that may reduce the 

demand for later intervention.  

Without better and more equitable access to preconception care, however, the 

delivery of interventions and weight promotion through primary care holds potential 

to further increase socioeconomic inequalities in the risk of childhood obesity. The 

current split in public and private health service provision leads to varying degrees 

of availability and quality of healthcare in Ireland, where economically 

disadvantaged young adults may not be able to afford the same level of care as 

more affluent individuals and families. While the Irish government expressed their 

intentions to thrive for universal healthcare provision in Ireland, it is questionable 

whether these structural changes can be achieved in the near future (87). 

Additionally, healthcare providers require appropriate training and evidence-based 

resources to facilitate effective weight counselling prior to and during pregnancy. 

Pregnant women in Ireland previously reported a lack of information on healthy 

GWG, nutrition (468) and physical activity levels (469) during antenatal care, 

including that they were not weighed (468). As a result, many women stopped 

exercising when they were pregnant (469). Disengagement of antenatal service 

providers, such as due to a lack in time and knowledge, can hence act as a barrier 

to healthy gestational lifestyles (470). To address this, guidelines on healthy 

gestational behaviours are provided to healthcare professionals in Ireland (471). 

Additionally, since 2015, the B rie f I n te rven tion  f o r Hea lth y W e igh t Ma n ag e me n t 

B e fo re, Durin g  a nd  A fte r Pre g na n cy  sets out that GPs should measure women’s 

weight and height and recommend daily moderate physical activity during 
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antenatal health checks; that means at the start of pregnancy and in the 24th to 28th 

gestational week (472, 473). A multitude of dietetic services are furthermore 

available to diabetic pregnant women in Ireland (467) and effective screening for 

GDM increased since the GUI infant cohort was born (314). However, access to 

dietetic services in non-diabetic pregnant women is limited, raising a need for 

additional weight management services (467). Moreover, as most guidelines are 

relatively young, Irish policy-makers should assess their use and effectiveness in 

daily practice and try and remove barriers such as GPs’ time-constraints.  

In addition to intervening in the (pre-) gestational period per se, antenatal services 

and maternal wards can function as contact points for interventions initiated during 

pregnancy that stretch into the children’s early childhood years and provide 

continued guidance to families, including those in rural regions (474). A qualitative 

study among a subset of families from the GUI infant cohort revealed that the first 

days postpartum were critical for women to initiate and gain confidence in infant 

feeding practices. However, the women indicated that a lack of support existed in 

some Irish hospitals, and that care was not provided in a timely manner due to staff 

shortages, leading many women not to breastfeed their infants (317). The recent 

National Maternity Strategy sets out to improve these services; however it 

acknowledges that cultural changes in Ireland are also needed (467), which may 

impact on the uptake and effectiveness of this strategy if delivered in isolation.  

In other countries, combined pre- and postnatal interventions delivered through 

nurses across the ‘first 1000 days’ of children’s lives effectively lowered the BMI of 

two-year-old children (475) and the OWOB prevalence up until school age (451, 

476). Nutritional or responsive feeding strategies appear particularly effective 

(477). One successful intervention guided mothers to identify cues of hunger 

better, provide alternatives to food for calming children and promote better sleep 

and activity routines (476). Furthermore, trials based on a modification of standard 

infant formula to contain less or different forms of protein resulted in a lower child 

BMI up until the age of six years (478, 479). Policy-makers in Ireland should review 

these interventions and consider their integration in Irish antenatal services, in 

order to target children’s weight developments before the age of three years, and 

particularly rapid weight gains in the year succeeding birth.  
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As Irish women perceived home visits by public health nurses after hospital 

discharge positive and helpful (317), early OWOB prevention may reach out to a 

broad spectrum of young mothers and yield a high level of acceptability among 

them if embedded in these home visits. Since 2016, The  Nu rtu re P rog ramme  

delivers online training to public health nurses and practice nurses that includes 

information on breastfeeding, weaning, physical activity and sleep needs of infants 

and young children, as well as culturally appropriate advice tailored to minority 

groups (480, 481). Information materials on infant feeding (471) and the Nutritio n  

Ref e ren ce  P a ck f o r In fa n ts 0 - 1 2  mo n th s , were also developed for use by area 

medical officers, public health nurses and practice nurses and are annually 

updated by health authorities (482). As a result, existing health service structures 

for infants in Ireland appear to be well exploited. However, their timely initiation 

after birth and continuation of care should be monitored to maximise beneficial 

effects on children’s weight gain (317). 

Beyond the home visits to guide families in Ireland through the first period of child 

growth, GPs have recently been recognised for their role in the monitoring and 

promotion of children’s healthy weight gains. In 2016, the Ma king E ve ry Co n ta ct 

Cou n t  (ME CC)  framework was established that seeks to integrate health 

prevention and intervention in routine primary care (464), such as through growth 

monitoring of children during vaccination appointments (35). Under this framework, 

training of brief interventions on nutrition and physical activity is provided to health 

professionals and healthcare support staff and is planned to be integrated in 

medical university curricula (464). Furthermore, an obesity algorithm for children is 

available to GPs for guidance in weight management (483) and, if required, GPs 

are responsible for referrals to appropriate specialist services and health 

information (464). For weight management, ME CC  aims to liaise with community 

services to account for the limited capacities and resources available in primary 

care (464). The inequalities seen in this thesis may be reduced through community 

strategies by increasing social capital (484) and due to their feasibility in rural 

settings (485). With the involvement and reinforcement through the primary care 

sector, these strategies have further potential to lower OWOB levels in young 

children (486). 
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The implementation of ME CC  holds promise to lower OWOB levels, as shown by a 

small trial that introduced a brief lifestyle intervention to Irish families at the 13-

month immunisation appointment (487). The intervention effectively improved 

children’s weight-related behaviours, including their daily screen time, which was 

associated with OWOB in this thesis, and the intervention was acceptable to 

parents (487). As socio-economic differences in the obesity risk existed in this 

thesis, it needs to be considered that families may only make full use of health 

services if they are freely accessible and incentivised (442). Furthermore, children 

with lone caregivers may particularly face barriers to accessing separate services 

for weight monitoring or counselling due to the required time commitment and 

travel (486). The context of a wider health examination or vaccination appointment 

under ME CC , which is provided freely to young children in Ireland, hence has 

potential to reach out to all families and reduce inequalities (465). A few years after 

the implementation of this relatively young framework, the impact of ME CC  on 

weight outcomes in young Irish children should now be evaluated, such as through 

weight surveillance and the investigation of facilitators and barriers for reaching the 

framework’s full potential to benefit child health outcomes. 

Currently, routine growth monitoring in young children in Ireland only takes place at 

the ages of two and five years (35, 465). The findings of this thesis show that 

weight gains in infancy and across the first three years of children’s lives have 

important implications for their later weight status. Hence, weight and height should 

be monitored more regularly than set out in the current GP contract (465), 

indicating that more frequent healthcare contacts may be required to lower obesity 

levels than delivered under the original ME CC  umbrella. 

Furthermore, as Irish healthcare providers hesitate to raise the topic of childhood 

obesity with parents (333), additional efforts may be needed to achieve full uptake 

of ME CC . Parents commonly perceive their overweight or obese young children to 

have a healthy weight or to be underweight (488). Consequently, parental 

engagement in changing lifestyle routines is low (489) and children grow up with a 

distorted idea of the ideal body image leaning towards a heavier norm (416, 490). 

A lack in communication and professional involvement might contribute to the low 

degree of parental awareness about childhood obesity and child weight 
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management (416, 491) that was also seen in Ireland (389, 416). A non-

stigmatising communication guide for health professionals and families is already 

available in Ireland that aims to improve their dialogue about childhood obesity 

(483, 492). The use of visual materials such as body image scales may further aid 

the unbiased discussion of the sensitive childhood obesity topic and increase the 

recognition of OWOB by parents (493) and should be considered in Ireland. 

 

Public awareness campaigns through social media 

The increasing gap of OWOB levels across educational groups highlights the need 

to include educational components in Ireland’s health policy-making, to raise 

parental awareness of what constitutes a healthy lifestyle for children and to make 

healthy lifestyle choices the norm. Interventions delivered during occasional 

consultations with health professionals should be reinforced through continuous 

health promotion outside the clinical setting that can reach families across SES 

groups, geographic locations and irrespective of time constraints.  

Given the high level of screen use in the GUI infant cohort, new media and the 

growing familiarity with those offer opportunities for eHealth and mHealth 

prevention and intervention (494). However previous interventions were largely 

ineffective in improving weight-related outcomes, the dietary quality or physical 

activity of children (494). Additionally, active video games that aim at improving 

children’s nutritional knowledge or increasing their physical activity were evaluated 

as unsuitable as sole intervention for the prevention or treatment of obesity (495).  

A more promising and cost-effective tool to increase the health knowledge among 

parents of young children may be the use of health communications which could 

positively influence parental awareness and health choices in a sustainable 

manner in Ireland (416). For example, campaigns with celebrity involvement, such 

as the involvement of Jamie Oliver in the #A dE n o ug h  campaign to stop fast food 

marketing to children (496), hold promise to raise awareness for healthy 

behaviours through positive role modelling (442). In Ireland, the media campaign 

Letôs take on childhood obesity, one small step at a time aims to tackle small 

weight-related everyday habits of families, such as the regular consumption of 
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‘treat foods’, inappropriate portion sizes, screen time and sleep habits, and 

provides parents with practical solutions to change these behaviours (497). 

Moreover, this campaign promotes use of these strategies among carers other 

than a child’s parents (497), which appears useful given that informal childcare was 

associated with OWOB in this thesis. Notably, a real risk of these campaigns is the 

creation of stigma that children with OWOB frequently need to live with (70); hence 

it is important that campaigns are delivered in a neutral, non-stigmatising manner 

(498). In order to prevent adverse effects, such as eating disorders and reduced 

well-being among children, healthy lifestyles should be encouraged without 

specifically referring to or criticising children’s weight (499).  

Additionally, internet platforms are a promising way to deliver nutrition education to 

children (500), even though parents need to be targeted before children become 

literate. As part of Th e  Nurtu re P rog ra mme , mych ild .ie  has been developed, which 

is an online resource with health-related information for expectant couples and 

parents of young children and links to community services (481). A collection of 

books, booklets and recipes is also promoted to parents of young children online to 

encourage them towards healthy nutrition and physical activity levels (501). 

Given that social media are increasingly being used for communications and 

knowledge generation, they provide a useful platform that may likely deliver 

healthy-weight promoting messages in a cost-effective way. However, similar to the 

marketing of food to children (447), where feasible, governments may need to 

control the advertisement of information resources, in order to ensure that families 

with various levels of literacy and media use have equal access to information. 

Evaluation of campaigns and information platforms is crucial to identify their 

effectiveness and potential for social inequalities, misguidance and stigma. 
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7.3.2 Recommendations for research 

Assessment and reporting of overweight and obesity prevalence in 

young children 

The variation seen in OWOB estimates based on different child growth criteria and 

cut-off values within them confirms that careful consideration is required as to 

which child growth criterion to apply, and that a transparent description of the 

methodology used to assess OWOB prevalence in young children is of utmost 

importance. Prevalence trends can easily be misinterpreted as different clinical and 

surveillance cut-off values for child growth criteria tend to be used interchangeably 

(336, 337, 383), and terminologies to describe BMI categories are frequently 

confused (239, 382). To increase the transparency of future studies, use of a 

common terminology and more comparable cut-off criteria are suggested to define 

BMI categories, such as a distinction between ‘grade 1 overweight’ and ‘grade 2 

overweight’ or ‘obesity’ suggested by Rolland-Cachera et al. (116). 

The WHO growth reference classification (defining OWOB as > 1SD), applied to 

the data underlying the WHO growth standard, appears most useful to estimate 

prevalence of OWOB in young children and to enable the comparison with children 

aged five years and older. The IOTF growth reference is less useful as it tends to 

underestimate the real scope of OWOB prevalence (327, 376) and the WHO 

growth standard classification is not suitable as OWOB estimates are even lower. 

In the cross-sectional analysis of this study, more relationships with risk factors 

were detected when the threshold of 1SD was used to define OWOB compared to 

2SD, and there was a higher level of agreement between the longitudinal analysis 

and the cross-sectional analysis that used 1SD as a threshold. Hence, OWOB risk 

factors on population level may be identified earlier and more accurately using the 

WHO growth reference classification and, specifically, its overweight threshold. 

Accordingly, this should be used to monitor OWOB in young children and to assess 

the effectiveness of interventions and policies in Ireland and internationally. 

However, even though the WHO growth reference classification is favoured for 

population-level data of young children in this study, it is difficult to determine its 

clinical relevance without assessing the adiposity status of individual children, for 
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example through direct measurements of children’s body fat using dual-energy x-

ray absorptiometry (502). Moreover, while diseases related to OWOB typically 

evolve in the later childhood years, adolescence or adulthood (30, 42), markers for 

these diseases, such as insulin resistance (60), hypertension (63) and arterial 

stiffness can already be present by the age of five years (59). A comparison of the 

sensitivity and specificity of existing child growth criteria to predict these outcomes 

could provide the evidence needed to reach consensus as to which criterion is 

most applicable to young children. The additional effort required to test this 

appears relatively small, once detailed anthropometric and medical data are 

collected to investigate childhood OWOB. Ultimately, this consensus-building 

process could further improve the effectiveness of BMI as a cheap and simple tool 

to assess adiposity levels in young children.  

Additionally, considering the inconsistent and partially non-transparent use of 

criteria across studies of childhood obesity, a standard or protocol for reporting 

future studies is suggested as its use could make findings more comparable over 

time, age groups and across countries. The detailed reporting based on a protocol 

offers potential to increase the replicability of studies and the adoption of more 

coherent study designs over time and may hence contribute to a standardised 

assessment and reporting system of OWOB prevalence in the future. As a result, 

the translation of research into policy may become easier. Specifically, to maximise 

the quality of reporting, such a protocol should be embedded in and used in 

addition to other reporting guidelines, such as the STROBE checklist for 

observational studies (321), and could contain the information shown in Table 29. 
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Table 29: Suggested protocol for reporting of childhood obesity research 

Category Details 

Anthropometric 

measurements 

Nature of the anthropometric data used (such a s bo d y ma ss 

ind e x, b o d y we ight,  bod y f a t p e rcen tag e )  

Measurement instruments and details of procedures (su ch  a s 

reg u lat ion s a rou nd  clo th ing )  

Indication of mechanisms in place to standardise 

measurements, if applicable 

Indication of mechanisms in place to lower the rate of bias and 

error, in cases were measurement is not standardised (such  a s 

se lf - rep o rted  da ta )  

Child growth 

criteria 

Name of the child growth criterion or criteria applied to classify 

weight status 

Mentioning of an identifiable scientific source that describes the 

criterion or criteria and the respective threshold values in use to 

classify weight status 

Scale on which the thresholds were measured (such  a s z -

sco res/ S D , ce n tiles, o r cru d e  sco res)  

Location of threshold values for body mass index categories on 

the scale used (such as 1 z-score or 85th percentile) 

Indication whether the overweight category includes or 

excludes obesity, and whether the ‘normal’ or healthy weight 

category includes or excludes underweight children 

Distinction of the child growth criterion or criteria as mainly 

intended for ‘clinical’ or ‘research/surveillance’ purposes 

Relationship to 

other criteria 

Rationale for why the respective child growth criterion or criteria 

and threshold values were chosen 

Indication whether findings based on an alternative child growth 

criterion or criteria are available in supplementary documents or 

can be requested from the authors 

 



 

342 

Researchers should consider how best to place their study in the existing pool of 

knowledge of OWOB studies and dedicate more awareness to making their 

research transparent and comparable within this pool. For example, to connect 

future findings to past research, the parallel use of WHO and IOTF criteria appears 

more useful than choosing between them. The additional use of a national criterion 

may be reasonable in countries where national data have traditionally been 

assessed through this.   

 

Future research of overweight and obesity in young children in Ireland 

The longitudinal data collected by GUI offer a unique opportunity to study OWOB 

levels in young children from 2008 to 2013; however newer data need to be 

compared to the findings in this thesis to investigate early OWOB in the future. A 

decade after the first wave of GUI infant cohort data was collected, it would be 

interesting to see whether policies and interventions implemented since then were 

able to lower OWOB levels in the ages from birth to five years. A national 

monitoring and surveillance system was recommended for implementation as an 

effective tool to monitor this progress (436), and the collection of data from a new 

infant cohort in the near future is worthwhile. The GUI study design appears 

suitable for this undertaking, given that the instruments for data collection have 

already been developed and tested in pilot studies. Nevertheless, it needs to be 

acknowledged that additional resources would be required to sample, collect and 

maintain the data of a third cohort, and to follow up with families over time.  

Alternatively, other studies have investigated the BMI of children at various ages 

using anthropometric data from medical records (503, 504), and this is also 

underway in Ireland for children aged two and five years (465). As part of the 

periodic growth monitoring at these ages, GPs should deliver a dataset to the 

Health Service Executive containing height and weight data and the sex and age of 

each child (465). At the date of this writing, there is no indication of how this 

dataset is going to be used and whether the data will also be connected to hospital 

records. Following the principles of the ME CC  and considering the strong 

association with birth factors seen in this study, measured weight and length data 
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should additionally be collected from birth certificates and linked to later 

measurements from GP visits. Furthermore, an additional growth assessment 

during infancy appears reasonable to identify children with rapid infant weight gain. 

Advantages of using health record data are the relative ease of integrating growth 

assessments in GP consultations, and the representativeness of a dataset that can 

be expected to include standardised anthropometric panel and longitudinal data of 

most Irish children. Thus, children in population groups that are difficult to reach 

could be included (e.g. children living in rural regions who had slightly higher BMI 

scores in this study), but who tend to be under-represented in health surveys (504). 

On the contrary, particularly factors at the community, demographic and societal 

level are unlikely to be assessed through medical records, as a high administrative 

burden and ethical concerns around storing such data may arise. To investigate 

risk factors of childhood OWOB in future generations, a subset of children could be 

sampled from GP visits for more detailed data collection.  

Even though data are from regional population samples or do not include all ages, 

OWOB levels and trends identified in this thesis should also be compared to the 

five-year data from the National Children’s Food Survey II (358) and data from the 

Cork BASELINE Birth Cohort Study, which were not available at the time of writing 

(40, 359). The latter includes data collected during pregnancy and more detailed 

biological data (359), which may help identify factors that lead preterm or small 

children to catch up and post-term or late children to catch down to mean BMI. 

For a number of explanatory variables included in this study, no or inconclusive 

relationships with OWOB or BMI were seen, for many of which contradicting or 

inconsistent findings as well appeared in the literature. These factors should be 

studied more in depth in future research to clarify relationships and understand 

mechanisms behind them. For example, a few weak relationships of OWOB were 

seen with infant feeding or later nutrition. As more evidence is accumulating that 

indicates an association between high protein intake in infancy (184, 410) or in the 

subsequent years (505) with increases in BMI or OWOB, future studies should 

collect dietary data that enable a thorough assessment of this relationship. 

Additionally, objectively measured neighbourhood characteristics are suggested for 
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future study, such as the measured distance to recreational facilities and 

(un)healthy food outlets, as these may impact children’s weight-related lifestyles.  

Future studies may furthermore help explain the identified differences between 

ethnic groups by investigating their obesogenic behaviours and isolating potentially 

modifiable differences between them. This could help tailoring interventions to 

ethnic and cultural groups (257). Studies with larger sample sizes in the different 

ethnic groups may bring more light into the question of the true relationship 

between ethnicity, lifestyle and BMI trajectories among children. 

The extended conceptual model, based on findings from this thesis (Figure 28 

presented in Section 7.2.3), should be used for guidance in future studies. This 

model highlights areas that require further investigation, as well as factors that 

future studies should control for to comprehensively study OWOB risk factors. 

 

Assessment of children’s lifestyle 

Future studies need to incorporate more sophisticated tools when investigating 

lifestyle variables in young children, particularly diet and physical activity, which are 

more complex to measure than sleep and screen time. Physical activity levels may 

be assessed measuring step counts by using a pedometer, as this is relatively 

easy and cheap and has high accuracy if worn by children throughout the entire 

study period. For example, in GUI, interviewers visited the family homes once 

before the interview took place, to inform families and arrange an interview date, 

and pedometers could have been handed and explained to families at this first visit 

or otherwise sent via post. 

To assess dietary intake of children, portion sizes should be indicated and ideally, 

food should be weighed. Mobile phone apps may be helpful to record food diaries, 

such as through the use of barcode scanners that hold nutrient information about 

food items. Additionally, a number of validated tools for dietary assessment were 

published over the course of this thesis. The Healthy Kids dietary and lifestyle 

assessment tool was shown to validly predict micronutrient consumption and was 
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associated with BMI in children aged two to five years (432). While primarily 

designed as a screening tool to assess children’s early OWOB risk, it appears 

useful for data collection in observational studies where no pedometer or food 

weighing is possible. More tools, including those for young children, were 

published on https://www.nutritools.org/, and future studies should avail of this 

evidence-based guide to assess dietary intake (506). Technical innovations 

furthermore enable the more efficient data collection through online questionnaires 

and physical activity and fitness parameters can be assessed through the use of a 

mobile research unit (507).  

 

7.4 Strengths and limitations of the research 

7.4.1 Strengths 

To the best of this researcher’s knowledge, a study examining preschool-aged 

children longitudinally for this length of time has never been done in the Republic of 

Ireland previously. A major strength of this study is the representative nature of the 

GUI infant cohort on a national level. With 11,000 infants sampled through the Irish 

Child Benefit Register, the initial sample equated to almost one seventh of all births 

in Ireland in 2007 (267). Previous studies in Ireland that included young children 

were limited to regional urban settings (40, 97, 342, 348) or small sample sizes 

(98). The reliability of the data was increased by means of the random sampling 

technique, as well as based on the intentional over-sampling of defined population 

groups and the use of weighting factors to address the possibility of response bias. 

Furthermore, several mechanisms were in place to reduce attrition between waves, 

and to limit the number of invalid or missing values. Generally, attrition in the 

cohort was low and little information was missing. Standardised height and weight 

measurements of almost 8,900 children remained in the last wave. Additionally, a 

number of mechanisms were in place to increase the quality of the data, and to 

protect the confidentiality of the children and their families. 

Accordingly, the GUI infant cohort offers a sample size that is understood to 

provide a comprehensive picture of longitudinal changes in weight status and BMI 

https://www.nutritools.org/
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among preschool-aged children in Ireland from 2008 to 2013. In this secondary 

analysis of the GUI infant cohort data, prevalence of OWOB including trends over 

time and between sexes was compared using various child growth criteria. The 

WHO growth standard, WHO growth reference and IOTF growth reference were 

applied to the data and their estimates for different weight categories compared. 

This allows for the comparison of findings in this study to data from other countries, 

as well as across ages. Additionally, a number of studies (similar to this study) 

have identified reversed sex trends in prevalence of overweight and of obesity 

(239, 380, 401). This study contributes to clarifying differences between available 

child growth criteria used for national and international studies, as well as it 

assessed benefits and disadvantages implied in using the various criteria. 

The use of various categorical and continuous outcome variables to assess 

children’s weight gains throughout this thesis is another strength. Childhood 

obesity is associated with negative (health) consequences, which is why OWOB 

categories were examined; however this bears potential for relationships to be 

masked as children close to the lower and upper threshold value of a weight 

category were grouped and analysed mutually. Thus, the additional investigation of 

continuous BMI scores increased the quality of this study. Furthermore, tracking 

changes in the same children over time allows for stronger conclusions than cross-

sectional investigations of weight status. The combined approach of cross-

sectional and longitudinal analyses adds value to this study as it increases the 

comparability of findings to other national and international studies.  

Additionally, weight and height were measured by trained researchers on 

standardised scales, both in children and their caregivers. It is known that self-

reported data on weight and height only offer limited accuracy, but are often used 

in studies as their collection is easier, cheaper and less time-consuming than 

measuring each child and parent in a standardised way (508, 509). However, no 

such limitations apply to this study.  

Data of the study child and both caregivers were studied, while most other 

research includes maternal and child data only. A number of variables were 

assessed at multiple time points and time-variant variables could be included due 

to the flexible longitudinal analysis approach chosen. The choice of explanatory 
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variables was theory-driven and additional tests (e.g. for collinearity) were applied 

to further increase the validity of the study.  

 

7.4.2 Limitations 

A few limitations to this study exist: Firstly, standardised anthropometric 

measurements to assess BMI were only available at the children’s ages of nine 

months, three years and five years, while length at birth is self-reported, with a high 

proportion (> 50%) of implausible or missing records. Consequently, BMI at birth 

could not be studied. Furthermore, only limited analysis of prevalence using the 

IOTF growth reference was possible, as no criteria are available for use in children 

below the age of two years. While this limitation is bound to the nature of how the 

IOTF growth reference was constructed and cannot be addressed any better in this 

thesis, use of the IOTF growth reference at the ages of three and five years was 

perceived useful, due to the extensive use of this criterion in prior research.  

Secondly, only a few studies were identified that investigated the sensitivity and 

specificity of various child growth criteria to detect cardio-metabolic risk factors and 

link defined cut-off values to health outcomes in children. Hence, definitions of 

weight status used in this study need to be interpreted with caution. This limitation 

applies to all studies that assess weight status in young children based on BMI.  

Thirdly, despite the usefulness of BMI to assess body weight status on population 

level (508) and in infants (414), it needs to be acknowledged that BMI does not 

provide accurate estimates of body composition or fat mass for individual children 

that may be achieved by using more sophisticated tools (510). For example, body 

fat mass trajectories in infancy were related to childhood obesity in former research 

(407). However other available means to assess the weight status of young 

children were either subject to the same limitations (115, 325-328) or they were not 

applicable to population-level data (324). 

Fourthly, a number of limitations exist with regards to explanatory variables. A 

restricted amount of data is available from the children’s SCGs because no SCG 
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was available in the household (12%), or because the SCG did not participate in 

the interviews (10%). This limitation was addressed by conducting sensitivity 

analyses. Additionally, a relatively small number of children were born early or very 

early, but the benefits of separating these two groups were perceived to justify this 

decision, as differences in growth patterns between the two groups were expected.  

Furthermore, typical to observational population-level studies is the reliance on 

self-reported data that bear the risk of measurement error. In this thesis, birth 

weight, gestational age at birth, breastfeeding duration, onset of solid food and 

variables related to the child’s lifestyle are self-reported. There is potential for 

inaccuracies due to recall bias, although this is expected to be low nine months 

after birth. Some lifestyle variables may furthermore be biased due to social 

desirability bias, and because dietary items were measured in consumption 

quantities, rather than portion sizes. More objective tools exist to assess dietary 

intake, physical activity and sleep; however these are difficult to integrate in a 

population study of the scale and scope that are covered by GUI. Accordingly, 

aggregate scores of dietary intake and physical activity that were developed in this 

thesis are subject to the same limitations as the collected variables. More validated 

tools to collect dietary data in young children have been developed since the 

initiation of this thesis, as discussed in Section 7.3.2. These tools may enable more 

accurate dietary assessment in future studies. A high level of reporting bias is also 

possible for children’s screen time. Particularly in children who spend time in non-

parental childcare, the risk of under-reporting is high. However, objective 

measurement of either screen time or, more broadly, time spent sedentary was not 

feasible in the GUI infant cohort. 

In general, it needs to be considered that reporting bias may be socially patterned 

and that misreporting may occur in self-reported data. The latter implies that 

standard deviations and value ranges of continuous variables, as well as the 

proportion of children in categories viewed as ‘unfavourable’ (e.g. high amount of 

screen time, high sugar consumption), may in reality be higher than observed in 

this study. Accordingly, the effect size of a number of relationships seen in this 

thesis may deviate from the real relationships. However, for most of these 

variables, the strength of relationships with weight outcomes would in fact be 



 

349 

expected to be underestimated, based on such biases, whereas the direction and 

significance of relationships should not be altered due to potential measurement 

errors. 

Additionally, a number of lifestyle variables were only reported at three and five 

years of age, which is why these variables could not be included in all analyses 

without losing the nine-months observations. However, while the antibiotic intake of 

infants could have been recorded in wave 1 of the GUI study, most other lifestyle 

variables are not applicable at nine months of age. Inaccuracies may have 

occurred because the PCG was only asked to provide information on the time the 

child spent watching television or DVDs in wave 2, whereas this was extended to 

all types of screen use in wave 3. There is a possibility that such inaccuracies may 

explain why stronger associations with OWOB were seen in wave 3 than in wave 

2; however this would not alter the overall findings in this thesis. Also, no 

retrospective data are available to test whether caregiver weight status or SES 

variables changed from conception until the child was nine months old, even 

though this is unlikely. Factors preceding birth could possibly have impacted birth 

outcomes and should be explored in relation to BMI in future work.  

Several other variables (GDM, GWG and nutrition, gestational smoking, 

advertising, abuse, food insecurity, food prices, caregiver lifestyle, food quantities, 

gut microbiome, genome) of the conceptual framework used in this thesis (Section 

2.5.1) were not tested as they were not recorded in GUI or due to a high risk of 

bias or measurement error. These variables were mainly expected to lie on the 

pathway of relationships between other explanatory variables and OWOB. 

Accordingly, they may have confounded the analysis and increased the complexity 

of models. However, these variables are recommended for investigations, including 

pathway analysis, in future studies. 

Another limitation is that no linkage of the GUI surveys with small area population 

statistics or qualitative data is possible (315, 318). This may have improved the 

quality of this study based on detailed information about the physical environment 

and wider circumstances of families.  
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Response bias was seen between waves, based on a number of population 

characteristics. This was addressed by over-sampling population groups expected 

to refuse participation, and by the weighting factors developed in each wave of 

data collection. 

Lastly, no causal relationship between BMI or weight status and explanatory 

variables can be established on the basis of this study.  

 

7.4.3 Alternative analysis options 

The longitudinal analysis approach chosen in this thesis was multilevel modelling, 

which offered a number of advantages. However, other methods were considered, 

outlined below. 

One option was cluster analysis. This aims to group ‘objects’ together, based on 

their individual characteristics, and thus creates groups or ‘clusters’ of objects 

which are relatively homogenous within each group but distinct from other groups 

(511). Two types of cluster analysis were considered in order to identify common 

co-occurrences of risk and protective factors of OWOB within the GUI infant cohort, 

and to assess the basic demographics of these risk factor clusters: k-means 

clustering, which is a type of partition clustering (512), and hierarchical cluster 

analysis (HCA). Explanatory variables can be integrated into the analysis as 

determinants of dissimilarity according to which the population shall be clustered, 

and dissimilarity can be measured using the Euclidean distance between 

observations (511). However, cluster analysis has been criticised for being too 

subjective (as the ‘correct’ number of clusters is determined by the researcher) and 

often produce clusters with little meaning to health outcomes (513).  

It also needs to be acknowledged that growth trajectories can be fitted using 

structural equation modelling, in addition to the multilevel modelling used in this 

thesis (393). The aim of this thesis was to study various risk factors of childhood 

obesity known from international literature in the Irish context, in order to identify a 

set of risk factors that should be targeted through interventions and policies to 

reduce the OWOB prevalence in Ireland. Specifically, the association of each 
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potential risk factor with BMI and small changes in mean BMI in relation to each 

risk factor were of interest. In contrast, structural equation modelling tends to be 

useful to identify broad growth patterns that are characterised by large differences 

in BMI (changes), depending on latent patterns in the data. Furthermore, multilevel 

modelling enabled to study the BMI of children with minimal loss of data, either 

because children did not participate in all three waves of GUI or because they had 

missing data for one or more variables in some of the waves.  

Using multilevel modelling, the relationship between explanatory variables and BMI 

at the different ages was explored, accounting for residual variances that may 

occur within children over time. This longitudinal analysis approach complemented 

the cross-sectional analysis of the GUI infant cohort well and strengthened the 

validity of cross-sectional findings.  
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7.5 Conclusion and verification of hypotheses 

Hypothesis 1: Ireland has a high prevalence of early childhood 
overweight and obesity 

In Chapter 4, the hypothesis was that OWOB levels in young children in Ireland are 

high compared to those in many other countries. This was confirmed using the GUI 

infant cohort data (79, 379, 385, 386) , with a peak prevalence of up to 46% (WHO 

growth reference classification) seen at the age of three years. Particularly from the 

age of three until five years, persistence of weight status was high, which raises a 

need for early obesity prevention long before children in Ireland reach school age. 

Simultaneously, while the prevalence of overweight and of obesity among young 

children in Ireland remains high, it decreased over the study period. Future studies 

are needed to study time trends, such as through continuous investigation of the 

GUI infant cohort into older ages and monitoring of BMI in young children born 

after 2007, and verify the possibility of declining OWOB levels in the youngest 

children in Ireland. Important research implications furthermore arise from the 

inconsistent use of child growth criteria identified in this study. 

 

Hypothesis 2: Material circumstances increase the risk of early 
childhood overweight and obesity 

Chapters 5 and 6 investigated the hypothesis that the risk of developing OWOB in 

the early childhood years may depend on material circumstances of the families 

that children grow up in. This theory was confirmed by a strong inverse relationship 

that was observed between the educational level of caregivers and the risk of 

childhood OWOB. Notably, the inequalities seen between educational groups 

widened as the children got older, indicating that a potential lack of knowledge 

around OWOB and associated behaviours should be addressed through public 

health policies, such as through the effective provision of health information 

resources. Additionally, a slightly higher OWOB risk was seen in the lowest income 

group, which implies that access to healthy-weight promoting resources may be 

restricted and needs to be improved in most deprived families. The same need was 

seen for families in rural regions whose children tended to have a slightly elevated 
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BMI. No need for interventions in specific social classes or targeting 

neighbourhood characteristics (other than rurality) was seen in this study.  

 

Hypothesis 3: Biological factors increase the risk of early childhood 
overweight and obesity 

In Chapters 5 and 6, it was hypothesised that biological factors influence the 

individual OWOB risk of young children particularly in the earliest years. Strong 

evidence for this was seen in the GUI infant cohort, in which a high BWFGA, high 

gestational age, rapid infant weight gain, and children’s previous OWOB status 

were most dominantly related to OWOB and high BMI. Additionally, the weight 

status of caregivers was positively associated with that of children and this 

relationship led to increasing discrepancies between children’s OWOB risk over 

time. Variations in OWOB risk as well existed in ethnic groups, some of which 

could be explained by differences in lifestyles. Among lifestyle factors, frequent 

antibiotic use, short daily sleep duration and a high amount of screen time all 

increased the OWOB risk. Contrary to the expectations based on previous 

research, only small or inconclusive associations of OWOB were seen with infant 

feeding, later diet and physical activity. This may be explained by measurement 

and reporting biases that should be methodologically addressed in future studies. 

Only marginal differences existed between the OWOB risk of boys and girls; thus 

no need is seen for sex-specific prevention strategies. Prevention should rather 

target the population of young children and their families as a whole to intervene 

with the life-cycle of obesity.  

 

Hypothesis 4: Psychosocial factors increase the risk of early 
overweight and obesity 

The fourth hypothesis focused on psychosocial factors that may explain why young 

children gain excess weight, which was confirmed in Chapters 5 and 6. Children 

had a higher OWOB risk if they lived in lone caregiver families, and if they had no 

siblings. This relationship aggravated over time, suggesting that supports to lone 

caregiver families and tailored strategies for families with single children are 
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required at an early age in Ireland. These include supports to strengthen children’s 

resilience after parental separation and increase their opportunities for active play, 

as well as awareness-raising to reach out to isolated families. Additionally, efforts 

are needed that promote healthy lifestyles in children attending informal childcare, 

as these children were at a higher OWOB risk than children in formal or home care.  

 

Hypothesis 5: Different risk factors of obesity lead to excess weight 
gains at various time points in children’s early years 

Finally, it was hypothesised that material circumstances, biological factors and 

psychosocial factors do not have a consistent impact on young children’s weight 

status, but influence changes in children’s BMI differently over time. Evidence to 

verify this hypothesis presented in Chapter 6. Many biological factors persisted 

already in infancy and remained strong across the children’s first five years of life. 

This implies that prevention of childhood obesity should already start in young 

couples before pregnancy, in order to reduce the prevalence of risk factors. 

Nevertheless, prevention efforts need to be maintained across and beyond the ‘first 

1000 days’ of children’s lives during which a high plasticity of weight gains was 

seen. As children move out of infancy, their individual lifestyle factors gain 

increased importance and hence should be addressed. Material and psychosocial 

mechanisms also increasingly influence children’s weight gains after infancy. 

Importantly, some inequalities in BMI based on material circumstances were 

already visible by the time children reached the age of three years that only 

developed into discrepancies in OWOB levels by five years, further stressing that 

prevention has to start early, before these differences in OWOB occur. 

While many risk factors before the age of three years should be targeted jointly on 

a population level, the establishment of equal opportunities for healthy weight 

development in all population groups may additionally require tailored 

interventions. By the age of five years, most BMI trajectories appear to be defined; 

however growth patterns in some ethnic groups only emerge at this late age. 

Additionally, children may only later become exposed to time-variant risk factors, 

such as living in a lone caregiver household, raising the need for continuous 

growth monitoring, multi-faceted prevention and weight management services in 
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Ireland beyond the age of three years. The Irish healthcare sector holds particular 

promise to address various factors throughout the young childhood ages.  

In conclusion, the approach taken in this study of early childhood OWOB in Ireland 

appeared useful to identify multiple risk factors in the environments of young 

children that are involved in the development of early childhood OWOB and 

contribute to the high prevalence seen in Ireland. Even though the prevalence of 

childhood OWOB may be declining in Ireland, social inequalities remain to be seen 

and disparities between children in different population groups became larger 

across the children’s first five years of life in this thesis. From the age of three to 

five years, children with OWOB seem more likely to remain overweight or obese 

than before that age, and the higher level of plasticity in the earliest years may 

offer an opportunity to prevent later obesity. Where possible, prevention of 

childhood obesity should start before pregnancy, or as soon as possible during 

pregnancy when the contact with prenatal services is established. The multi-

dimensionality of risk factors that were associated with children’s excess weight 

gain needs to be acknowledged by policy-makers, researchers and healthcare 

providers alike and risk factors should be targeted simultaneously through various 

channels in the endeavour to lower OWOB levels in Ireland. Even if biological 

factors may partly explain inequalities in OWOB, it is likely that psychosocial and 

material factors contribute to some of these relationships, all of which should be 

given consideration when strategies to lower (inequalities in) early childhood 

OWOB are designed. The policy-sector has an important role to play in the 

development of (non-)obesogenic environments and a Health-in-All-Policies 

approach may be required to remove inequalities in childhood obesity. While the 

implementation of prevention programmes may demand significant investments 

initially, it has potential to prevent adverse lifelong consequences of childhood 

OWOB and associated costs to individuals, the health system and society in a 

large proportion of Irish children.  
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Appendices 

Appendix 1: Classification of body mass index in adult populations 

Table 30: Classification of body mass index in adult populations 

Category Body mass index 

Very severe underweight Below 15 

Severe thinness From 15.0 to 15.99 

Moderate thinness 16 to 16.99 

Mild thinness 17 to 18.49 

Underweight Below 18.5 

Normal (healthy weight) From 18.5 to 24.99 

Overweight From 25 to 29.99 

Obese Class I (Moderately obese) From 30 to 34.99 

Obese Class II (Severely obese) From 35 to 39.99 

Obese Class III (Very severely obese) 40 or higher 

Note :  Based on data retrieved from the World Health Organization (514, 515). 
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Appendix 2: Details of the variable cleaning: Body mass index 

2.1 First step of data cleaning 

In the original RMF, several children had weight or height missing, so no BMI could 

be calculated. The number of missing observations in the original dataset and after 

the first step of cleaning (outlier removal) can be seen in Table 31. 

Table 31: Missing weight and length/height before and after the first step of data cleaning 

 N missing in original data N missing after data cleaning 

Age Weight Height Weight Height 

9 months 147 (1.3%) 157 (1.4%) 207 (1.9%) 297 (2.7%) 

3 years 211 (2.2%) 208 (2.1%) 255 (2.6%) 258 (2.6%) 

5 years 72 (0.8%) 103 (1.1%) 104 (1.2%) 140 (1.6%) 

Note: N at nine months = 11,134, N at three years = 9,793, N at five years = 9,001 

 

2.2 Second step of data cleaning 

Table 32 shows ranges of weight and height changes between waves that were 

considered valid and hence retained in the dataset. Weight, length/height and BMI 

of children were excluded for the respective waves if they were outside these 

ranges. Negative changes were excluded as an absolute weight loss within the 

two-year periods between waves appeared highly unlikely. Strong outliers also 

were excluded. Furthermore, skewness was looked at to define valid ranges. 

Values that expressed the changes in length/height between two waves were 

normally distributed for each of the periods under investigation. The distribution of 

changes in weight was slightly skewed to the right for each of these periods. This 

indicates that a small proportion of children in the cohort gained weight on a much 

faster rate than most children, while gains in height were within the expected range 

and distribution of variation. The observed extreme weight gains were too 

numerous and the distributional patterns too consistent across waves to be 

considered random errors in data entry. The observations were maintained in the 

dataset as it was hypothesised in Chapter 2 that some young children in Ireland 
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gain an excessive amount of weight, relatively to their length/height. An exclusion 

of children with extremely high weight gains which do not appear to be outliers may 

have biased this study. Furthermore, as only weight changes were skewed but the 

outcome variable of BMI at each wave was distributed normally, the slight 

skewness of weight changes is not expected to lead to computational difficulties. 

Table 32: Changes in weight and length/height that took place between waves 

Variable Number
* 

Missing in 
waves* (%) 

Mean Standard 
deviation 

Range 

Weight change (kg) 
9 months – 3 years 

9375 418 (4.3%) 5.9 1.4 0.6 – 16.5 

Height change (cm) 
9 months – 3 years 

9353 440 (4.5%) 23.3 3.1 9 – 38.5 

Weight change (kg) 
3 years – 5 years 

8385 327 (3.8%) 4.6 1.7 0.1-17.7 

Height change (cm) 
3 years – 5 years 

8411 301 (3.5%) 15.2 2.5 2.9-33.1 

Weight change (kg) 
9 months – 5 years 

8734 267 (3.0%) 10.6 2.5 3.8-27.1 

Height change (cm) 
9 months – 5 years 

8696 305 (3.4%) 38.5 3.8 22.5-57.5 

* Total number of children included in waves 1 (at nine months) and 2 (at three years): 9,793; in 

waves 2 and 3 (at five years): 8,712; in waves 1 and 3: 9,001 

 

2.3 Comparison of body mass index data before and after cleaning 

Table 33 provides an overview of missing values and data ranges that were seen 

in the data prior and after the two cleaning steps.  

Table 33: Descriptive statistics of body mass index before and after data cleaning 

Age Number* Missing (%) Mean SD Range 

9 months pr ior cleaning  10,964 170 (1.5%) 18.2 2.3 6.7 – 60.1 

9 months aft er cleaning  10,810 324 (2.9%) 18.2 1.7 11.9 –  26.8 

3 years prior  cleaning  9,533 270 (2.8%) 16.8 1.5 10.7 – 27.2 

3 years aft er cleaning  9,422 371 (3.8%) 16.8 1.5 10.6 –  25.0 

5 years prior  cleaning  8,880 121 (1.3%) 16.2 1.7 8.3 – 30.4 

5 years  aft er cleaning  8,781 220 (2.4%) 16.3 1.6 11.3 –  26.5 

SD = Standard deviation 

*  N at nine months = 11,134, N at three years = 9,793, N at five years = 9,001  
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Appendix 3: Additional details of cleaning the explanatory variables 

3.1 Diet composite score 

Table 34 shows which food items (n=53) were included in the seven food groups. 

Table 34: Full list and grouping of food items measured in wave 3 (at five years) 

Food items Food group 

Bacon, rashers, ham Processed foods* 

Sausage, frankfurters 

Chicken and poultry, e.g. as nuggets or breaded chicken 

Chips, fried potatoes (e.g. waffles etc) 

Savoury breads, e.g. pizza 

Cakes, pastries, buns Sweet and salty 
snacks (top shelf 
foods) 

Biscuits - any 

Chocolate or confectionery 

Other sweets  

Ice cream or ice lollies 

Puddings and chilled desserts 

Fruit squash (tropical fruit, lemon barley, etc) 

Blackcurrant only drinks 

Fizzy drinks (not mineral water, sugar free or diet) 

Chips, fried potatoes (e.g. waffles etc) 

Crisps or other packet snacks 

Butter  Spreads and oils 

Low fat spread 

Other spreads  

Oil (e.g. vegetable, olive, sunflower) 

Eggs (include in home cooking) Protein 

Baked beans – canned 

Peas , in any form 

Fish or shellfish including fish fingers 

Sausage, frankfurters 

Liver (but not liver products, e.g. pate) 

Beef, e.g. roast, steak, in stews 

Beef, e.g. minced, burgers 

Lamb , e.g. roast, steak, in stews 

Pork, e.g. as a roast or chops in stir fries etc. 

Bacon, rashers, ham 

Chicken and poultry, e.g. as a roast, in casseroles 

Chicken and poultry, e.g. as nuggets or breaded chicken 

Milk (cow’s) Dairy products 

Yoghurt (flavoured or plain but not fromage frais) 

Fromage frais (e.g. Petit Filous) 

Cheese or cheese spread 

Ready to eat cereals Carbohydrate-rich 
foods Other breakfast cereals, e.g. porridge  

White bread and rolls 

Wholemeal, brown bread and rolls 

Other bread, e.g. scones, croissants 
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Food items Food group 

Savoury breads, e.g. pizza 

Rice, pasta, noodles  

Potatoes 

Leafy green vegetables, e.g. spinach, cabbage Fruit and vegetables 

Other green vegetables, e.g. green beans, broccoli 

Carrots  

Other root vegetables apart from carrots and potatoes, e.g. 
parsnips 

Mushrooms  

Apples or pears (fresh) 

Soft fruits (e.g. peaches, nectarines, grapes) 

Citrus  (e.g. oranges, tangerines, satsumas) 

Banana  

Cucumber  

Fresh tomatoes  

Salad (e.g. lettuce) 

Fruit juice (not squash) 

* the food items in this group appear twice in this table as ‘processed food’ is the only indicator of 

dietary quality that does not measure the macro-nutrient intake, whereas items in this group may as 

well contribute to the total protein or carbohydrate intake of children. 

 

Based on the grouping in Table 34, Table 35 shows how many children under- or 

over-consumed each food group or met the food pyramid guidelines. 

Table 35: Proportion of five-year-old children meeting the food pyramid guidelines 

Food group 
N below recom-
mendation (%) 

N recommmen-
dation met (%)* 

N above recom-
mendation (%) 

N total 
(%) 

Processed foods 
N.A. 

7,012 
(77.95%) 

1,980 
(22.05%) 

8,995 
(100%) 

Sweet and salty 
snacks 

N.A. 
585 

(6.51%) 
8,405 

(93.49%) 
8,990 

(100%) 

Spreads and oils 384 
(4.27%) 

7,909 
(87.95%) 

700 
(7.78%) 

8,993 
(100%) 

Protein 43 
(0.47%) 

3,834 
(42.66%) 

5,111 
(56.86%) 

8,988 
(100%) 

Dairy products 178 
(1.98%) 

8,126 
(90.36%) 

689 
(7.66%) 

8,993 
(100%) 

Carbohydrate-rich 
foods 

6 
(0.07%) 

7,928 
(88.15%) 

1,060 
(11.79%) 

8,994 
(100%) 

Fruit and 
vegetables 

165 
(1.84%) 

8,826 
(98.16%) 

N.A. 
8,991 

(100%) 

N= Number 

N.A. = Not applicable as no minimum or maximum recommendation is mentioned in the food 

pyramid guidelines. 

* = this includes children who were slightly below or above the recommendation but within range for 

inclusion as meeting the food recommendation 
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Based on the food pyramid guidelines for children aged five years, the food item 

frequencies assessed in wave 3 were converted into quality scores using the PDL 

score, as well as a simplified binary score, details of which are shown in Table 36. 

Table 36: Conversion scale used in this thesis to generate composite food scores based 

on the food consumption labels assessed in wave 3 

Food 
pyramid 
group 

Scoring 
system 

Consumption frequency 

Never 
< 1 
per 
month 

Min. 1 
per 
month 

Min. 1 
per 
week 

Most 
days 

Once 
daily 

2-3 
per 
day 

4-5 
per 
day 

≥6  
per 
day 

Processed 
foods 

PDL 4 4 4 4 3 2 1 0 0 

binary 1 1 1 1 1* 1* 0 0 0 

Sweet & 
salty 

PDL 4 4 4 4 3 2 1 0 0 

binary 1 1 1 1 1* 1* 0 0 0 

Spreads & 
oils 

PDL 0 0 0 0 3 4 3 2 1 

binary 0 0 0 0 1* 1 1* 0 0 

Protein 
PDL 0 0 0 0 3 4 3 2 1 

binary 0 0 0 0 1* 1 1* 0 0 

Dairy 
PDL 0 0 0 0 1 3 4 3 2 

binary 0 0 0 0 1* 1* 1 1* 0 

Carbs 
PDL 0 0 0 0 1 1 4 3 2 

binary 0 0 0 0 1* 1* 1 1* 0 

Fruit & 
vegetables 

PDL 0 0 0 0 1 2 3 4 4 

binary 0 0 0 0 0 1* 1* 1 1 

Note: The Physical activity, diet & lifestyle (PDL) score was developed by Manios et al. (297) and 

food pyramid recommendations categorised based on their scoring system. The PDL scores 

indicate: 4 = perfect consumption, 3 = slight over- or under-consumption, 2 = moderate over-

consumption, 1 = high over-consumption or moderate under-consumption, and 0 = high under-

consumption. The binary food consumption score was developed by the author of this thesis, and 

scores indicate: 1 = food recommendation was (almost) met, and 0 = the food recommendation was 

not met.  

* = slightly below or above the recommendation but within range for inclusion as meeting the food 

recommendation 
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3.2 Unstructured physical activity 

Table 37 summarises the distribution of unstructured physical activity in the five-

year-old children. The adjusted score was used in this thesis due to low counts in 

the highest and lowest values of the original range. 

Table 37: Distribution of the unstructured physical activity (PA) composite score  

PA score 0 1 2 3 4 5 6 7 Total 

N original score 52 517 1,358 1,821 2,071 1,729 1,232 140 8,920 

% 0.58 5.80 15.22 20.41 23.22 19.38 13.81 1.57 100 

N adjusted score - 569 1,358 1,821 2,071 1,729 1,372 - 8,920 

% - 6.38 15.22 20.41 23.22 19.38 15.38 - 100 

N = Number 

 

3.3 Sleep 

Table 38 shows the number of children in each group of the NSF sleep 

recommendations, as well as the number of children in adjusted sleep categories 

after the data cleaning. The adjusted categories were used in this study in order to 

increase the counts of children in the shortest and longest sleep categories. 

Table 38: Number (N) of children with short, normal and long sleep duration. Sleep 

duration was grouped by the National Sleep Foundation (NSF) recommendations and in 

adjusted categories used in this thesis 

N (%) in sleep 
category: 

9 months 3 years 5 years 

NSF adjusted* NSF adjusted* NSF adjusted* 

Shortest sleep 
2,103 
(19%) 

= 
120 
(1%) 

1,144 
(12%) 

187 
(2%) 

1,763 
(20%) 

Medium sleep 
(recommendation) 

7,668 
(69%) 

= 
8,313 
(85%) 

7,289 
(75%) 

8,606 
(96%) 

5,110 
(57%) 

Longest sleep 
1,324 
(12%) 

= 
1,333 
(14%) 

= 
181 
(2%) 

2,101 
(23%) 

Total 
11,095 
(100%) 

11,095 
(100%) 

9,766 
(100%) 

9,766 
(100%) 

8,974 
(100%) 

8,974 
(100%) 

* Unless “=” is stated, alternative cut-off values were used because counts in the NSF categories 

were small 
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3.4 Birth-weight-for-gestational-age 

Table 39: Distribution of birth weight in gram after data cleaning. Descriptive statistics are 

shown separately for children remaining in the cohort at the ages of nine months, three 

years and five years  

Wave N Missing in 

wave (%) 

Type Range Mean (SD) 

1 10,991 143 (1.30%) Continuous 453.6 – 5443.2 3465.31 (590.05) 

2 9,666 127 (1.30%) Continuous 510.3 – 5443.2 3473.07 (587.92) 

3 8,887 114 (1.27%) Continuous 510.3 – 5443.2 3479.21 (585.54) 

N = Number 

SD = Standard deviation 

 

3.5 Equivalised household income 

The continuous measurement of annual equivalised household income was 

skewed, with a number of very high incomes reported. In wave 1, 39 families 

(0.35%) reported an equivalised income above EUR 80,000, in wave 2, 11 families 

(0.11%) had an equivalised income above this threshold and in wave 3, 33 families 

(0.37%). In each wave, there was high variation above this threshold, which led to 

the skewness of the variable. Due to the possibility that families may be identifiable 

based on their high income, no exact figures are provided.  

 

3.6 Childcare arrangements 

Table 40 presents the detailed distribution of children in childcare arrangements. A 

clear pattern was seen as to the age when the childcare arrangement had 

commenced. A likely explanation for this is that childcare arrangements tend to 

depend on the working routines of parents, changes in which occur infrequent for 

most families. In fact, most of the nine-month-old children started childcare 

between the ages of six to eight months, which reflects the length of maternity 

leave in Ireland (443). Most three-year-old children were in their current childcare 
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arrangement since their first year of life, and most five-year-old children were in 

their current childcare arrangement since the age of four years, when many 

children start attending preschool and childcare needs may change (456).  

Table 40: Distribution of main type of childcare used in each wave 

Type of childcare Wave 1 N (%) Wave 2 N (%) Wave 3 N (%) 

Relative in family home 667 (6.00%) 338 (3.45%) 410 (4.56%)* 

Non-relative in family home 429 (3.85%) 432 (4.41%) 525 (5.84%)* 

Relative in their home 1,089 (9.78%) 745 (7.61%) 918 (10.21%)* 

Non-relative in their home 975 (8.76%) 820 (8.38%) 669 (7.44%)* 

Centre-based care 1,222 (10.98%) 2,666 (27.23%) 844 (9.39%) 

After School Service care 0 0 171 (1.90%) 

Other type of childcare 38 (0.34%) 5 (0.07%) 60 (0.67%)* 

No regular arrangement 6,714 (60.30%) 4,785 (48.87%) 5,496 (61.15%) 

Total 11,134 (100.00%) 9,791 (100.00%) 8,988 (100.00%) 

N = Number 

* A number of families in wave 3 mentioned more than one type of informal childcare as their main 

arrangement, which is why all categories add up to n=9,093 (101.17%). 

 

3.7 Exclusion of observations of explanatory variables 

Numbers of observations removed during the data cleaning, in addition to values 

that were missing in the original dataset, and reasons for removal are provided for 

each wave. 
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Table 41: Removal of observations from explanatory variables  

Variable Wave 
1 

Wave 
2 

Wave 
3 

Reason for removal 

Sports club 
membership 

  15 Caregiver indicated “Do not know” 

Screen time  10 3 Caregiver indicated “Do not know” 

Antibiotic intake  8 9 Caregiver indicated “Do not know” 

Daily sleep duration 9 17 13 Caregiver indicated “Do not know” 

Sleep duration during 
the night 

26   Caregiver indicated “Do not know” 

9   Invalid values  

   Outlier: child was reported to wake 
up at 1am on a normal day 

Weight of the PCG  363 215 Invalid values  

Height of the PCG  197 2 Invalid values  

1   Outlier: 120cm 

Weight of the SCG  265 421 Invalid values  

Height of the SCG  225 24 Invalid values  

1   Outlier: 122.5cm 

Birth weight 12   Outliers: 5.9-8.0kg.  
This appeared unusual compared to 
birth weight charts (307) and may 
bias the analysis nine months later. 
Furthermore, one of these births was 
early (36 weeks) and ten within term 
(37 to 41 weeks), which made the 
occurrence of these high birth 
weights even more unlikely. In 
contrast, 36 children had a birth 
weight of 5.0-5.4kg who were mostly 
born after 40 gestational weeks or 
later, Thus, 5.5kg was used as the 
threshold for value exclusion. 

Breastfeeding onset 3   Caregiver indicated “Do not know” 

Onset of solid food 26   Caregiver indicated “Do not know” 

PCG education 10 10  Caregiver indicated “Do not know” 

 3  Caregiver refused to reply 

SCG education 9 6  Caregiver indicated “Do not know” 

Neighbourhood 
perceived as safe 

44 35 13 Caregiver indicated “Do not know” 

Neighbourhood 
perceived to offer 
green spaces 

27 19 14 Caregiver indicated “Do not know” 

PCG = Primary caregivers; SCG = Secondary caregiver  
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Appendix 4: Differences between the NCD Risk Factor Collaboration 

study and the Global Burden of Disease study 

Table 42: Characteristics of the NCD Risk Factor Collaboration study and the Global 

Burden of Disease study  

Study details NCD Risk Factor Collaboration 

(12) 

Global Burden of Disease (15) 

Study period 1975-2016 1980-2015 

Number of 

included 

countries 

200 195 

Sample size 128.9 million 68.5 million 

Age range 5 years and older 2 years and older 

Child growth 

criterion 

World Health Organization Child 

Growth Reference 

International Obesity Task Force 

Child Growth Reference 

Type of data 
Standardised measurement of 

height and weight 

Standardised and self-reported 

height and weight data 

Type of studies 

and surveys 

Multi-country, national, sub-

national and community-level 

data 

Multi-country, national and sub-

national data 
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Appendix 5: List of Irish data included in the NCD Risk Factor Collaboration study and the Global Burden of 

Disease study 

Table 43: Data sources from Ireland included in recent estimates of overweight and obesity trends. Trends were investigated from 1975 to 2016 

in the NCD Risk Factor Collaboration (NCD) study and from 1980 to 2015 in the Global Burden of Disease (GBD) study 

Years of data 

collection 

Data source Represen-

tation 

Age 

range 

Boys N Girls N Included in NCD 

study (344) 

Included in GBD 

study (341) 

1985 Kilkenny Health Project (341, 516) Sub-national 35-64 784 No Yes 

1997-1999 
North/South Ireland Food Consumption 

Survey (344) 
National 18-64 613 698 Yes No 

1998 SLAN (341, 344) National 18+ 123 296 Yes Yes 

2001-2002 
North/South Survey of Children's Oral 

Health (340, 341) 
National 4-16 8,806 8,712 No Yes 

2002 SLAN (341, 344) National 18+ 164 215 Yes Yes 

2003 
Ireland World Health Survey 2003 (341, 

517) 
National 18+ 497 516 No Yes 

2003-2004 National Children Food Survey (344) National 5-12 293 301 Yes No 

2005-2006 National Teens Food Survey (344) National 13-17 223 217 Yes No 

2006-2007 SLAN (341, 344) National 18+ 945 1,225 Yes Yes 

2008 COSI 1 (344) National 6-9 1,098 1,285 Yes No 

2008-2010 National Adult Nutrition Survey (341, 344) National 18+ 658 696 Yes Yes 

2009-1011 
The Irish Longitudinal Study on Ageing 

(341, 344) 
National 50+ 2,693 3,170 Yes Yes 
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Years of data 

collection 

Data source Represen-

tation 

Age 

range 

Boys N Girls N Included in NCD 

study (344) 

Included in GBD 

study (341) 

2010 Bizzy Break intervention study (344, 352) Community 7-12 49 41 Yes No 

2010 COSI 2 (344) National 6-9 1,022 964 Yes No 

2012-2013 COSI 3 (344) National 6-9 1,087 1,054 Yes No 

2013-2016 Project Spraoi (344) Community 5-11 474 429 Yes No 

2015 Active Classroom Study (344) Community 8-11 124 120 Yes No 

Total Children and adolescents 4-17 13,176 13,123 8,781 18,302 

Total adults 18+ 5,693 6,816 11,496 11,198 

Total all ages 4+ 18,869 19,939 20,277 29,500 

N = Number 

SLAN = Survey of Lifestyle, Attitudes and Nutrition in Ireland 

COSI = Childhood Obesity Surveillance Initiative 
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Appendix 6: Distribution of body mass index according to World Health 

Organization percentiles 

Table 44: Changes in the distribution of body mass index (BMI) in all children. BMI in the 

Growing Up in Ireland infant cohort was compared to the age- and sex-adjusted BMI 

percentiles defined by the World Health Organization (WHO) growth standard and growth 

reference 

WHO 
centiles 

9 months 
%  

(n=10,810) 

3 years 
%   

(n=9,422) 

5 years 
%  

(n=8,781) 

WHO 
distribution 

%  

Change from 
9 months to 

3 years 
p - v alue *  

Change from 
3 years to 5 

years 
p - v alue *  

< 0.1 0.11 0.18 0.10 0.10 0.99 0.99 

0.1 – 0.99 0.40 0.27 0.23 0.90 0.99 0.99 

1 – 2.99 0.52 0.21 0.34 2.00 0.02 0.99 

3 – 4.99 0.59 0.33 0.49 2.00 0.11 0.99 

5 – 9.99 1.81 0.92 1.36 5.00 0.02 0.08 

10 – 14.99 1.71 0.81 1.82 5.00 0.02 0.02 

15 – 24.99 3.93 2.70 4.42 10.00 0.02 0.02 

25 – 49.99 14.87 11.70 17.93 25.00 0.02 0.02 

50 – 74.99 23.40 23.48 28.72 25.00 0.99 0.02 

75 – 84.99 13.37 15.19 14.55 10.00 0.02 0.99 

85 – 89.99 9.14 9.84 8.64 5.00 0.99 0.08 

90 – 94.99 10.74 12.18 8.80 5.00 0.02 0.02 

95 – 96.99 5.55 6.09 3.47 2.00 0.99 0.02 

97 – 98.99 6.98 7.72 4.33 2.00 0.70 0.02 

99 – 99.89 5.16 6.00 3.12 0.90 0.14 0.02 

≥ 99.9 1.71 2.40 1.67 0.10 0.02 0.02 

N = Number 

*Multiple comparisons adjusting for Bonferroni were used to test changes between two interview 

waves in the WHO centile groups for significance. Significant p-values (p < 0.05) are highlighted in 

bold. 
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Table 45: Changes in the distribution of body mass index (BMI) in children breastfed six 

months or longer only. BMI in the Growing Up in Ireland infant cohort was compared to the 

age- and sex-adjusted BMI percentiles defined by the World Health Organization (WHO) 

growth standard and growth reference 

WHO 
centiles 

9 months 
%  

(n=2,094) 

3 years 
%   

(n=1,831) 

5 years 
%  

(n=1,711) 

WHO 
distribution 

%  

Change from 
9 months to 

3 years 
p - v alue *  

Change from 
3 years to 5 

years 
p - v alue *  

< 0.1 0.10 0.33 0.12 0.10 0.99 0.99 

0.1 – 0.99 0.62 0.22 0.18 0.90 0.91 0.99 

1 – 2.99 0.62 0.16 0.29 2.00 0.38 0.99 

3 – 4.99 0.57 0.44 0.58 2.00 0.99 0.99 

5 – 9.99 2.24 1.20 1.69 5.00 0.21 0.99 

10 – 14.99 2.24 0.87 2.16 5.00 0.02 0.03 

15 – 24.99 5.11 3.22 4.97 10.00 0.05 0.13 

25 – 49.99 17.05 12.73 19.70 25.00 0.02 0.02 

50 – 74.99 24.45 25.78 29.40 25.00 0.99 0.26 

75 – 84.99 12.80 15.29 14.55 10.00 0.40 0.99 

85 – 89.99 9.17 8.85 8.24 5.00 0.99 0.99 

90 – 94.99 9.46 11.20 7.60 5.00 0.99 0.02 

95 – 96.99 4.92 5.30 3.21 2.00 0.99 0.03 

97 – 98.99 5.64 7.05 3.80 2.00 0.99 0.02 

99 – 99.89 3.87 5.79 2.51 0.90 0.08 0.02 

≥ 99.9 1.15 1.58 0.99 0.10 0.99 0.99 

N = Number 

*Multiple comparisons adjusting for Bonferroni were used to test changes between two interview 

waves in the WHO centile groups for significance. Significant p-values (p < 0.05) are highlighted in 

bold. 

 


