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Structured Summary

Aims

To determine whether there is an association between Type 2 diabetes mellitus and
schizophrenia independent of medication.

Methods

In this cross-sectional study we performed an oral glucose tolerance test on 38 non-
obese white Caucasians who fulfilled criteria for first episode drug naive
schizophrenia, an equal number of controls (matched for age, sex, smoking status,
alcohol intake and ethnicity) and 44 first-degree relatives of the patients.

Results

The frequency of impaired glucose tolerance (IGT) was 10.5% (n=4) in patients with
schizophrenia, 18.2% (n=8) in unaffected relatives and were no different between
theses two groups (%’=1.92, df=1, p=0.1) as defined by WHO criteria.

Conclusions

The high point prevalence of IGT in never treated patients and relatives indicates a
shared propensity to Type 2 diabetes mellitus, which may be an inherent part of the
illness itself or pre-treatment lifestyle choices. Both patients and their relatives present
an ideal cost-effective opportunity to screen for Type 2 diabetes mellitus, as they'are
both easily identifiable.

Key words — impaired glucose tolerance, schizophrenia.



Introduction

Type 2 DM is more common in patients with schizophrenia compared to that in an
age-dependent general population (1,2). At present it is unclear whether second
generation antipsychotic medications or the illness of schizophrenia is primarily
responsible for the increased rates of Type 2 DM observed (3). The Clinical
Antipsychotic Trials of Intervention Effectiveness, a US National Institute of Mental
Health, a multi-site double blind study reported that metabolic disturbances occurred
more commonly with certain atypical antipsychotics yet the incidence of Type 2 DM
was no different between the agents compared (4). Cohen et al (5) performed oral
glucose tolerance tests (OGTTs) in patients with schizophrenia and did not find a
difference in the rates of Type 2 DM between the various agents used. Studies
conducted in the pre-neuroleptic era support the hypothesis that Type 2 DM may
occur more commonly in schizophrenia than expected though these observations are
limited by the fact that the definitions for both of these conditions differ from those
used today (6). A recently published study has shown that up to 16% of patients with
first episode drug naive schizophrenia have impaired fasting glucose (IFG) (7). Cohn
et al (8) have shown using the frequently sampled intravenous glucose tolerance test
and minimal model analysis that young drug-free patients with schizophrenia have
insulin resistance and are susceptible to Type 2 DM independent of medication usage.
Additional evidence comes from the finding that unaffected first-degree relatives of
those with schizophrenia have rates of Type 2 DM that are much higher th.éin
expected, varying from 17-30% (9,10). Yet, there are two problems with the last two
pieces of evidence. Firstly, IFG may miss up to 60% of patients screened for Type 2

DM (11). Secondly, the studies by Mukherjee et al (9) and Lamberti et al (10) relied
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on recall alone in order to determine if there was a family history of Type 2 DM. We,
therefore, performed a standard oral glucose tolerance test (OGTT) in a group of first
episode drug naive patients with schizophrenia and their unaffected relatives who

were free of a diagnosis of Type 2 DM prior to testing.

Patients & Methods

Thirty eight (28 males and 10 females) white Caucasians who fulfilled DSM-IV (12)
criteria for schizophrenia, an equal number of controls (matched for age, sex, smoking
status, alcohol intake and ethnicity) and 44 first degree relatives of the patients (28
males and 16 females) were recruited for this study. The study had Ethics Committee
approval and after complete description of the study to the subjects, written informed
consent was obtained. All patients were hospitalized at the time of testing. All patients
were first episode and drug naive as confirmed by obtaining a collateral history from
their family members and primary care physicians. None of the patients had co-
morbid DSM-1V (12) diagnoses and all were physically healthy. A family history of
Type 2 DM was not an exclusion factor although none of the patients had such a

history.

The normal control group, recruited from within the local community, were
physically healthy and had no personal or family history of psychiatric or physical
illness. A family history of Type 2 DM was not an exclusion factor although none of
the controls had such a history. None of the subjects was taking any form of
prescribed or over the counter medication. Patients and normal controls were matched

in terms of age, sex, smoking habits, social class and alcohol intake. Each



participating relative was not aware of a diagnosis of diabetes, was physically healthy
and did not have a psychiatric diagnosis.

All subjects had a full physical examination performed to outrule co-morbid medical
illness along with a urinary drug-screen and routine blood tests, which were within
normal limits. BMI (kg/m? and waist circumference (cm) were calculated. Diet and
exercise were rated using the DINE questionnaire (13) and the Leisure Time
Questionnaire (14), respectively. A Structured Clinical Interview was performed with
resultant DSM-IV diagnosis (SCID) (12). The severity of illness was rated in all of
the recruited patients by one researcher (LS), using the Brief Psychiatric Rating Scale
(BPRS) (15), the Schedule for Assessment of Negative Symptoms (SANS) (16), and

the Abnormal Involuntary Movement Scale (AIMS) (17).

All subjects had an antecubital vein cannulated at 0800h after a 12-hour overnight
fast. At 0830h an OGTT was performed on all subjects using WHO guidelines (18).
Plasma levels of glucose, insulin, and cortisol were taken in the fasting state, 1 hr and
2 hr after the glucose load (75 gm). Samples for fasting lipids, glycosylated
haemoglobin (HbA1C), and serum leptin were also obtained. After centrifugation of
blood at 2500 rpm for 10 minutes at 4 degrees centigrade, two aliquots of 2mls serum
or plasma were placed in cryogenic tubes and flash frozen at —20 degrees centigrade
until batch analysis. Insulin resistance was calculated using homeostasis model
assessment (HOMA = fasting insulin (WU/ml) x fasting glucose (mmol/L)/22.5) (19).
We used the diagnostic values for diabetes and impaired glucose tolerance ;IS
recommended by the WHO (17). One-way and two way ANOV As with appropriate co-
variates and post-hoc tests (Tukey’s), student's t tests (two tailed) and Pearson's product-

moment correlational analyses were used when appropriate. All results are expressed as



mean + standard deviation (SD) and the data was analyzed by means of Statgraphics

version 7.0 (19).

Results

Demographic and anthropometric data is given in Table 1. Patients and healthy
controls were matched for age and sex, however, relatives were older compared to
patients and controls. Patients had lower BMIs than first degree relatives and controls
though there were no significant differences in waist circumference or leptin between
the 3 groups. Patients and relatives had unhealthy diets as compared to controls.

Patients engaged in significantly less mild, moderate and strenous exercise than both

the healthy control group and relatives.

The frequency of impaired glucose tolerance (IGT) was 10.5% (n=4) in patients with
schizophrenia, 18.2% (n=8) in unaffected relatives and 0.0% in healthy controls
(*=4.22, df=2, p<0.05) as defined by WHO criteria (18). The rates of IGT were not
significantly different patients and relatives (x*=1.92, df=1, p=0.1). One of the
relatives had undiagnosed Type 2 DM as compared to no cases in the patient and
control groups although this will need to be confirmed as only one value in an
asymptomatic individual although this will need to be confirmed as it is a single value
in an asymptomatic individual (18). Biochemical and clinical data is given in Table 2.
Baseline levels of plasma glucose were the same between the 3 groups, however, a
one-way ANOVA indicated that baseline plasma levels of insulin in patients with
schizophrenia and relatives, though similar to eachother, were significantly higher
than in controls. A repeated measures two-way ANOVA to compare glucose and

insulin responses over time between the 3 groups yielded a significant group by time



interaction. Post hoc tests (Tukeys) indicated that plasma levels of glucose and insulin
in patients and relatives, though similar to eachother, were significantly higher than in
healthy controls 2 hours following the administration of the oral glucose (p<0.01).

Patients and relatives had similar levels of insulin resistance as measured by HOMA-
IR though these were significantly higher than those found in healthy controls. The
relatives had higher total cholesterol than the other 2 groups. Serum cortisol was
significantly higher in patients as compared to relatives and controls. Introducing age,
BMI, saturated fat intake, unsaturated fat intake, fibre intake, exercise taken or
cortisol levels as co-variates did not alter the levels of significance of 2 hr plasma
levels of glucose, baseline levels of insulin or indeed 2 hr levels of plasma insulin in
patients (p<0.01). Similarly, in relatives introducing sex, age, BMI, saturated fat
intake, unsaturated fat intake, fibre intake, exercise taken, total cholesterol or cortisol
levels as co-variates did not alter the levels of significance of 2 hr plasma levels of

glucose, baseline levels of insulin or indeed 2 hr levels of plasma insulin (p<0.01).

Discussion

To the best of our knowledge this is the first study to conduct standard OGTTs in non-
obese first episode drug naive patients with schizophrenia and unaffected family
members and demonstrate that the rates of IGT were higher in relatives (18.5%) and
patients (10.2%) as compared to patient-matched controls. Both patients and relatives
had higher levels of insulin at baseline and at 2 hr and were insulin resistant as

compared to controls. None of the 3 cohorts was obese and patients were lighter than

either relatives or controls.



This paper differs from our earlier work (7), though agrees with two other studies that
recruited first episode patients with schizophrenia (21,22) in that we found no
evidence of fasting hyperglycaemia a fact which may be accounted for by the older
age of our earlier patient cohort. In terms of point prevalence, studies conducted in the
UK indicate that the rates of [GT range from 4.1 to 16.7%, however those studied,
were over 40 years of age and there was a clear relationship between being older,
obese and an increasingly sedentary lifestyle (23). Studying an Australian population
from a mostly Europid background, Dunstan et al (24) report an IGT rate of 5.7% in
an age group, 25-34 years, which is comparable to our three cohorts. An Irish study
has reported rates of IGT in a community sample aged 40 years and over to be 2.7%
(25). Our findings of IGT rates of 10.2% (patients) (mean age + SD = 25.2 + 5.6 yrs)
and 18.5% (relatives) (mean age + SD = 33.7 + 10.8 yrs) are clearly higher than what
has been documented thus far in either the same country of origin (2.7%) (25) or
comparable age group (5.7%) (24). This study shows that patients with schizophrenia
at the time of diagnosis and their psychiatrically-well first degree relatives have IGT
and are at higher risk for developing Type 2 DM. From a clinical perspective,
screening for diabetes is an expensive procedure whose yield is not always optimal
(26). This study would indicate that both groups are ideal screening populations as
patients with schizophrenia and their relatives are relatively easy to identify and

appear to be at high risk of developing Type 2 DM.

From a mechanistic perspective, IGT is associated with high triglyceride levels,
ethnicity, a positive family history of type 2 diabetes, increasing age, obesity (central
and total) and physical inactivity (27). The first two associations are unlikely to

explain our findings as none of the subjects had high levels triglycerides and all



subjects were white Caucasians, Probandwise concordance rates for IGT are 0.63 in
monozygotic and 0.43 dizygotic twin pairs giving a heritability estimate of 61% (28)
which concurs with our observations of IGT in unaffected first degree relatives.
Obesity is another major determinant of IGT (29). Yet none of the three groups was
obese; in fact, patients had a lower BMI than did controls and relatives. Furthermore,
the three groups did not differ in terms of their leptin levels indicating that they had
similar amounts of total fat mass. However, the location of the fat may explain our
findings, as there is a clear and well-documented relationship between IGT and
visceral obesity (29,30). Two previous studies have documented that first episode
drug naive patients with schizophrenia have between 3 to 3.4 times more visceral fat
than appropriately matched age-, sex- (31) and BMI matched controls (32) providing
some evidence to support this hypothesis. Finally, both patients and family members
were insulin resistant indicating that though insulin resistance is a heterogenous
condition which may have a hereditary component that is linked to visceral obesity

(33).

Studies have demonstrated that schizophrenia is associated with poor lifestyle choices
(34) and our study confirms this observation in that both patients and relatives had a
diet rich in saturated fats and poor in fibre though only patients took less exercise than
did relatives and controls. Low levels of physical activity appear to be associated with
the development of IGT (35). However, the same may not be true of a high saturated
fat intake and IGT or indeed, insulin sensitivity or secretion (36). Therefore, the la;k
of exercise but not the low fibre-high saturated fat diet, may in part explain the higher

rates of IGT observed in patients in our study. The same does not appear to hold true



for relatives as they took similar amounts of exercise to controls though their diet was

worse in terms of saturated fat intake but similar in terms of fibre intake to controls.

Whether the ‘stress’ of acute psychosis may be associated with reduced B-cell
function and insulin sensitivity leading to higher than expected levels of IGT has been
a point of dispute (37). Though cortisol levels were high in patients with
schizophrenia there was no positive correlation between this endocrine parameter or
BPRS (an indicator of acute psychosis) and either glucose or insulin levels.
Furthermore, the prevalence of IGT was numerically higher in the first degree
relatives with schizophrenia (though this did not reach statistical significance)
however, their cortisol levels were no different to conirols. All of these findings
would indicate that acute elevations of cortisol and therefore, acute stress may not be
directly responsible for our findings. Finally, medication may induce hyperglycaemia
and hyperinsulinaemia, though this cannot explain our findings, as our patients were
drug naive and first episode (3). Furthermore, their first-degree relatives were also

drug naive and had never suffered from any psychiatric illness.
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Table 1: Demographic and anthropometric data

Characteristic Patients Controls Relatives
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Number

(male / female) 38 (28/10) 38 (28/10) 44 (26/18)

Age 252 +£5.64 252+ 5.69 33.7+10.8 (F=6.76, df=2,
117, p<0.001)

BMI 228 3.1 242+29 23926 (F=4.43, df=2,
117, p<0.05)

Waist (cm) 849 +10.2 862+79 82079 p NS

Saturated fat u/w 395+11.3 268+78 51.1x9.8 (F=8.24, df=2,
117, p<0.001)

Unsaturated fat | 7.89+3.76 9.6+2.24 15.0+£5.78 (F=3.9, df=2,

w/w 117, p<0.05)

Fibre 21.9+72 31.7+7.06 248+69 (F=-6.9, di=2.
117, p<0.001)

Exercise Mild e/w 39+2.1 7732 74+£3.8 F=6.7, df =2,
117, p<0.01)

Exercise Mod. e/w 0.08 0.3 1.55+1.78 1.25+1.5 F=54, df =2,
117, p<0.01)

Exercise Vig, e/w 0.0 0.18 £0.56 0.18 £0.54 F=7.1, df = 2,
117, P < 0.01)

u/w denotes units per week.

e/w denotes episodes per week

Table 2: Biochemical & Clinical data

Clinical variable | Patients Controls Relatives

Fasting glucose | 4.65 +0.54 4.54+0.48 444 +0.57 p NS
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mmol/L

2 hr glucose | 6.01 % 1.69 4,51 £0.81 5.68 £1.77 (F=6.1, df=2,

mmolL 111, p<0.001)

HbA1C% 53+04 52x03 53£03 pNS

Fasting insulin | 38.75 = 20.1 2727+ 122 40.18+23.9 (F=3.7, df=2,

mmol/L 117, p<0.01)

2  hr  insulin | 205.2+ 1248 77.5+36.6 160.0 £ 116.2 (F=8.5, df=2,

pmol/L 111, p<0.001)

HOMA IR 1.15+0.7 0.78+£0.3 1.15+0.38 (F=3.2, df=2,
117, p<0.05)

Cortisol pg/dl 123+43 85+£24 7912 (F=5.87, df=2,
117, p<0.001)

Total cholesterol | 4.32 +0.9 440 +0.6 471 £0.7 (F=3.22,df =

mmol/L 2,117, p<0.05)

HDL mmol/L 1.15£0.3 1.21 £0.2 1.31+£0.3 pNS

LDL mmol/L 286+0.9 281+06 25412 p NS

Triglycerides 1.26 £0.7 1.07 045 141+£05 p NS

nmol/L

Leptin nmol/L 37123 35632 345x1.6 p NS

BPRS 444 +9.0 Not applicable Not applicable

AIMS 0.39 + 1.02 Not applicable Not applicable

SANS 0.15+0.49 Not applicable Not applicable
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