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Abstract 

 

Purpose: To evaluate the quality of Whole Exome Sequencing (WES) reporting in 

the epilepsy literature.  

 

Method: We aimed to assess the quality of reporting of WES in epilepsy. We 

compared studies based on journal type and if outcome reporting biases exist. We 

used a self-constructed benchmark to quantitatively analyse studies. 
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Results: We included 451 publications. Reporting was heterogeneous with poor 

reporting of 1) ACMG guideline application 13% and 2) Human Phenotype 

Ontology (HPO) numbers in 3% of studies, 3) VUS in 19%. Predictors of reporting 

included journal type and journal impact factor. Date of publication and 

publication type were not predictors of poor reporting. Pairwise comparisons of 

genetics versus neurology journals using relative risks yielded significant 

differences in reporting of ACMG guideline application (RR 1.88 CI 1.04-3.38); 

HPO numbers (RR 8.62 CI 1.08-63.37) and deposition of findings to ClinVar (RR 

2.50 CI 1.03-6.1). 

 

Conclusion: Reporting of WES literature is heterogeneous in quality, and poor 

reporting hinders collaboration and accession of data into large databases like 

OMIM and OrphaNet. This study highlights reporting bias in this area and, formal 

structural guidelines like the CONSORT guidelines used in the reporting of clinical 

trials are needed to address the issue.   
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Introduction 

 

Epilepsy is a condition that predisposes patients to recurrent seizures. The 

diagnosis of epilepsy requires the presence of two or more seizures or one seizure 

with the predisposition to further seizures evidenced by medical tests or the 

diagnosis of an epilepsy syndrome (Fisher et al. 2014). In the latter case, either a 

single gene mutation or several gene mutations are the cause in approximately 

70% of patients (Myers & Mefford, 2015). Knowledge of the genetics of epilepsy 

has undergone significant advances, and genetics now permeates most of the 

epilepsy research. Specific epilepsy syndromes, such as Dravet syndrome, a 

known monogenic cause with an associated set of causal genes, and single-gene 

testing may still be appropriate in these situations. Although targeted gene panel 

sequencing is still the first-line test, whole-exome sequencing (WES) is cost-

effective and more appropriate in many situations where the cause of epilepsy is 

not clear, such as in developmental epileptic encephalopathies and non-lesional 

focal epilepsies.  

 

WES is a method for rapidly delineating the genome's protein-coding sequence, 

namely exons, to identify pathogenic variants (Mefford 2012). Sequencing the 

proband and both parents, using trio WES, can further determine if a variant was 

inherited from either parent or arose de novo. WES is cost-effective in situations 

such as developmental epileptic encephalopathies, providing a diagnostic yield of 

33% and can change clinical management in 39% of patients (Demos et al., 2019). 

WES is replacing gene panel testing due to the falling costs of sequencing. Reading, 

aligning, and interpretation of sequencing output is fraught with bias. Biases may 
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arise in the methodological process of variant calling, variant filtering, or results 

interpretation. The literature provides some recommendations to address these 

biases (Richards et al. 2015). 

 

Epilepsy-related research facilitated by WES has significantly increased since 

2012 and, most of the published literature is in the form of case reports, case series 

or cohort studies. Although American College of Medical Genetics (ACMG) 

guidelines exist for methodological issues and patient consent, to date, there are 

no guidelines on how authors should report diagnostic sequencing in the 

literature (Richards et al. 2015). As founded on the principles of open disclosure 

in clinical trials and case reports, the CONSORT group has published a set of 

guidelines for reporting these studies (Schultz, Altman & Moher, 2010). Their 

mission is to ensure the quality of trials reports, and the CONSORT documents are 

frequently used as a benchmark for audit and research purposes.  

 

In this analysis, we seek to explore the reporting of studies of epilepsy patients 

undergoing WES. We used a self-constructed benchmark to analyse studies 

quantitatively. Our primary aim was to assess the quality of reporting of WES. 

Secondary aims were to compare the quality of studies based on journal type, to 

explore how reporting has changed over time, and determine the presence of any 

reporting biases. 

 

Methods 

 

Eligibility and identification of studies 
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We used MEDLINE to search for citations of studies using search terms "epilepsy" 

and "whole exome sequencing" between 2011 and the end of 2019. Inclusion 

criteria were studies of patients with epilepsy, using WES to diagnose or confirm 

the epilepsy syndrome. We excluded studies that did not use WES, such as whole-

genome sequencing, copy number variant studies, studies not in English and 

studies that were secondary reports of earlier studies. We retained studies with 

epilepsy, intellectual disability or autism if the patient/patients' phenotype 

included seizures. We excluded studies where seizures were not the dominant 

phenotype. Studies were included by reading the abstract and, where necessary, 

reading the full text. Two authors, A.S. and R.C., collaborated in selecting studies 

for inclusion and any disparity discussed at ad-hoc meetings. 

 

Data collected 

 

There are no published guidelines on the reporting of WES studies. But, there are 

several guidelines for recommendations on reported variant calling, 

methodological soundness of variant calling, and disclosing WES results to family 

members and clinicians (Matthijs et al. 2016; Green et al.  2013; Hehir-Kwa et al. 

2015). We compiled a checklist of items pertaining to sections of a typical paper 

reporting WES results. Table 1 shows selected items with comments on why they 

were included. A review team (A.S. R.C. N.D. G.C. and H.EN.) discussed all items for 

suitability and relevance for this study. Of the 38 items in Table 1, items 10 and 29 

apply to cohort studies only. We also collected journal name, publication date and 
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year, journal impact factor (used as a surrogate for audience size), and type of 

study (case vs cohort).  

 

Data extraction 

 

We devised a data extraction form; two authors (A.S. and R.C.) independently 

extracted data from a random sample of 15 studies. We compared results to 

determine inter-rater reliability. Any disagreements were clarified by mutual 

discussion, and if data extraction was deemed reliable, both authors completed 

the data extraction process. 

 

Data Analyses 

 

We calculated the inter-rater agreement of extracted data using Cohen's Kappa to 

measure agreement (Cohen 1968). For each item met in the checklist, we awarded 

one point. Hence, the minimum score possible for case studies or case series is 

zero, and the maximum is thirty-six. For cohort studies, we added two additional 

items, so the maximum possible score is thirty-eight. For between-group 

comparisons, we used an independent-pair t-test. We used a one-way ANOVA and 

Tukey's Honest Significant Difference test to conduct post hoc analyses to control 

for multiple comparisons (Tukey 1949). The proportion of studies reporting each 

item of interest calculated, and relative risks, with 95% confidence intervals, were 

used to summarise comparative effects. We used SPSS version 28 to conduct 

statistical analyses using a two-sided significance level of 5% and relative risks 

calculated using RevMan version 5.4.  
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Results  

 

Study selection and inclusion 

 

One author, A.S., selected studies. We found 920 citations of WES and epilepsy 

published between 2011 and 2019 (Figure 1). Of these, we excluded studies not 

in English (14 studies), studies not on epilepsy (216 studies), and we excluded 101 

review articles and 103 studies not using whole-exome sequencing. A total of 451 

studies were thus selected for analysis. Included studies are listed in appendix A.  

 

Inter-rate agreement for data extraction 

 

We calculated Cohen's kappa to determine the inter-rater agreement for data 

extraction (Cohen 1968). Two authors, A.S. and R.C., extracted data from 23 

studies. A kappa score of 0.61 was obtained with a percentage agreement of 

80.8%, indicating substantial agreement between authors, and therefore data 

extraction was deemed reliable (Glen S. 2014). 

 

Characteristics of studies 

 

We categorised studies by syndrome, journal type, study methodology, 

publication date, and journal impact factor.  
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Developmental epileptic encephalopathy comprised 33% of all studies, epilepsy 

with intellectual disability comprised 24% of studies, with the remainder of 43% 

of studies consisting of other syndromes. These syndromes included focal-onset 

epilepsies, focal cortical dysplasia, progressive myoclonic epilepsies and other 

syndromes. Fifty per cent of studies were published in genetics journals, and 

thirty-seven per cent of studies were published in neurology journals; thirteen per 

cent of studies were published in other journal types (Table 2). The top ten 

publishing journals are shown in Table 3, indicating that the American Journal of 

Medical Genetics had the most selected studies (7.3%) (Table 3).   

 

Case reports or case series comprised a large proportion of the studies (80%), 

whereas cohort studies consisted of 20%. We chose a date of the end of 2016 to 

compare reporting trends before and after this date. This was arbitrarily set to 

ensure roughly equal datasets. Two hundred and eighteen studies were published 

before 2017, and two hundred and thirty-three studies were published after 31st 

December 2016 (Table 2). One hundred and eighty-eight studies were published 

in low impact factor journals (42%) and seventy-six studies in high impact factor 

journals (13%).  We categorised journals with an impact factor of three or less as 

low impact factor journals and those with eight or above as high impact factor 

journals.  

 

Quality of reporting 

 

We calculated a quality score totalling a maximum of 36 for case studies and 38 

for cohort studies. The mean score across all studies was 21.2 (95% confidence 
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intervals (CI) of means 20.7 to 21.6), a median score of 22 with a range of 4 to 31 

(Table 4). No study scored a maximum of 38 points. We carried out Tukey's 

Honestly Significant Difference (HSD) post hoc analyses showing significant 

differences in means for genetics and neurology journals; genetics and other 

journals but not between neurology and other journals (Appendix B) 

 

We categorised items into those reported well, those reported with average 

frequency and those reported poorly (Table 5). The reporting of WES data in 

epilepsy is heterogeneous. Items that were reported poorly include Human 

Phenotype Ontology (3%), deposition of results to ClinVar (6%) (Landrum et al. 

2018), whether ACMG guidelines were applied (13%) and quality control 

measures used in the Methods section (14%). Other items that were reported 

poorly included the reporting of variants of undetermined significance (19%). 

 

Items reported with average frequency included Online Mendelian Inheritance in 

Man (OMIM) numbers (35%), previous genetics tests carried out (35%), reporting 

of annotation databases (38%), and reference to evolutionarily conserved 

databases (31%). Ethnicity was reported in 61% of studies, and consanguinity 

was reported in 58%. At least one pedigree chart was presented in 53% of studies, 

DNA source was reported in 47% of studies, reference genome to assemble exome 

data was reported in 45% of studies and types of in-silico prediction tools were 

reported in 59%. How variant impacts the function of the polypeptide was 

reported in 64% of articles. A diagnostic yield was reported in 43% of studies, and 

the full transcript of information was reported in 47% of studies. The mutated 

variant or variants were mentioned in 63% of studies.  
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The items that were reported well included: gene mentioned in abstract (97%), 

syndrome or clinical features mentioned in the abstract (96%), clinical features 

mentioned in the text (95%), mutation type (95%), variant 

inheritance/segregation (91%), discussion of the previous literature (98%), 

ancillary investigations (88%), and phenotype comparison to associated diseases 

(86%).  

 

Genetics versus Neurology Journals 

 

Genetics journals scored 22.4 points, and neurology journals scored 19.9 points 

with a mean difference of 2.5 (95% CI of means 1 to 3.5), see Table 4. This was 

statistically significant, with a p-value of <0.01, indicating that genetics journals 

report superior WES data based on the criteria of this study.  

 

When comparing individual items, we examined relative risks (R.R.) shown in 

figures 2 to 7 with all data shown in appendix C and D. Relative risks of items 

whose confidence intervals did not include unity are statistically significant and 

therefore worthy of note. For brevity, confidence intervals are shown in the 

figures only and not in the text here. Our findings showed a consistent trend of 

relative risks favouring genetics journals (figure 2). Genetics journals applied the 

ACMG guidelines almost twice as frequently as neurology journals (RR 1.88). 

Items reported better in genetics journals were Human Phenotype Ontology (RR 

8.62); and OMIM data (RR 1.88). Genetics journals were better in reporting items 

on bioinformatics methodology; these items include exome target kit (RR 1.26), 
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type of sequencer used (RR 1.14), quality control data (RR 1.95), reference 

genome used assemble exome data (RR 1.57), haplotype caller used (RR 1.24), 

variant filtering (RR 1.26), minor allele frequency databases (RR 1.19), 

evolutionarily conserved databases consulted (RR 1.54) and how variant impacts 

translated polypeptide (RR 1.32).  

 

When discussing results, genetics journals reported Sanger sequence validation 

(RR 1.14) and reported the full transcript information (RR 1.41) compared to 

neurology journals. Genetics journals were more likely to report sequence 

chronogram data (RR 1.67) and were more likely to deposit their findings to 

ClinVar (RR 2.5).  

 

Genetics versus Other journals 

 

Genetics journals scored 2.3 points higher than other journals (95% CI of means 

1 to 3.5; p < 0.01). Genetic journals reported OMIM (RR 2.05) and consanguinity 

data (RR 1.36) better than other journals (figure 3). Also, prior genetics tests (RR 

1.73) were better reported in genetics journals. In the methods section, genetics 

journals reported exome target kit (RR 1.3), sequencer type (RR 1.25), reference 

genome used to assemble exome data (RR 1.46), variant filtering approach (RR 

1.47), minor allele frequency (RR 1.3) and in-silico prediction tools (RR 1.35) 

better than other journals. Diagnostic yield was reported more in other journals 

compared to genetics journals (RR 0.53). Full transcript information was 

documented better in genetics journals (RR 1.52). Phenotype discussion was more 

complete in genetics journals (RR 1.19). 
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Neurology versus Other journals 

 

Neurology journals scored 19.9 points, and other journals scored 20.1 points.  

There was no significant difference between total scores of neurology and other 

journals with a mean difference of 0.2 (95% CI of means -1.7 to 1.3) (Table 4). Only 

six items were statistically significant comparing neurology with other journals 

(figure 4). Neurology journals were better than other journals in discussing 

previous literature (RR 1.60), and the phenotype of the patients (RR 1.21). 

However, neurology journals performed poorly in reporting DNA source (RR 

0.66), quality control measures (RR 0.46), mutation type (RR 0.94) and sequence 

chronogram (RR 0.94). 

 

Studies published before and after January 2016  

 

There was no significant difference between studies published before or after the 

end of 2016. Pre- 2017 studies scored 20.9 points, and post-end 2016 studies 

scored 21.4 points with a mean difference of 0.5 (95% CI of means -1.4 to 0.4). 

Items that were reported well before the end of 2016 include gene name in title 

(RR 0.92) (figure 5), exome target kit (RR 0.85), how variant impacts polypeptide 

(RR 0.8). Items that were reported well after 2017 were molecular science 

background (RR 1.19); in-silico prediction tools (RR 1.19); pathogenic databases 

of previous reports (RR 1.29) and ACMG guidelines (RR 12.63). Other items 

reported well after 2017 were: full transcript (RR 1.45); journals depositing data 

to ClinVar (RR 2.90) and DNA source (RR 1.24).  
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Case vs Cohort Studies 

 

We found no difference in scores between the case and cohort studies. Case 

studies scored 21.17 points, and cohort studies scored 21.08 points with a mean 

difference of 0.5 (95% CI -1.4 to 0.4). However, some items are better reported in 

cases studies. These items included gene named in the title (RR 1.39) (figure 6), 

abstract mentions variant (RR 2.22), and abstract mentions gene (RR 1.11). 

Clinical features (RR 1.13) and consanguinity (RR 1.74) were reported better in 

case of studies than cohort studies, ancillary investigations (1.15) and pedigree 

charts (RR 1.69) were reported better in case studies. Sequence chronogram (RR 

1.98) and phenotype compared to reported gene (RR 1.16) were reported better 

in case studies. Cohort studies reported OMIM data (RR 0.71), prior genetic tests 

(0.72), haplotype caller (RR 0.79), variant filtering (RR 0.8) and annotation 

databases used (RR 0.77) better than case studies. ACMG guidelines, if applied, 

were better reported better in cohort studies (RR 0.24), and variants of 

undetermined significance (RR 0.57) were included more in cohort studies.  

 

Impact factor 

 

High impact factor journals scored 22 points, and low impact factor scored 20.6 

points with a mean difference of 1.4 (95% CI of means -2.7 to -0.05). Items that 

were better reported in high impact factor journals included OMIM (RR 1.47) 

(figure 7), reference genome to assemble exome data (RR 1.39), haplotype caller 

(RR 1.30), variant filtering approaches (RR 1.5) and annotation databases (RR 
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1.40). High impact factor journals reported how variant impacts polypeptide 

function better than low impact journals (RR 1.72). High impact journals reported 

the full transcript of variants better than low impact factor journals (RR 1.51) 

(figure 7).  

 

Items that were reported better in low impact factors journals are clinical features 

(RR 0.89), diagnostic yield (RR 0.50) and the phenotype description compared to 

the reported disease (RR 0.75). Variants mentioned in the abstract was better 

reported in low impact journals (RR 0.79). 

 

High impact genetics journals versus low impact genetics journals  

 

High impact genetics journals reported the variant in the abstract more than low 

impact journals (RR 1.44). Also, high impact genetics journals reported clinical 

features better than low impact journals (RR 1.18) (Appendix D). Inclusion criteria 

were reported better in high impact journals (RR 2.10); however, low impact 

genetics journals reported how variant affects polypeptide structure better than 

high impact genetics journals (RR 0.77).   

 

High impact genetics journals versus high impact neurology journals 

 

We found that ethnicity and OMIM numbers were reported better in high impact 

genetics journals compared to high impact neurology journals (RR 2.39) and (RR 

2.39), respectively (Appendix D). We also found that neurology journals were 
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better at reporting variant segregation or inheritance than genetics journals (RR 

0.85). 

 

Discussion 

 

Reporting standards of whole-exome sequencing is a novel area of research in 

epilepsy. Here, we carried out a quantitative review of the quality of WES studies 

in the epilepsy literature. Our results showed that the reporting of WES data is 

heterogeneous, with some items reported well and others poorly. These reporting 

trends mirror our findings in the area of adverse events of antiepileptic drugs, 

where the reporting emphasis resides in the introduction and results sections at 

the expense of methodology (Shukralla et al. 2011). Similarly, we found that 

reporting quality varies in the methods, results and discussion sections of 

publications.  

 

Reliability is whether a given test or method is reproducible. WES output 

reliability relates to how sequencing is performed, the quality of WES reads and 

their related bioinformatic scores. Validity is a measure of how a method 

measures what it is intended to measure. Validity is determined by the 

laboratory's accreditation and coverage consistency (Gotway et al., 2020). We 

know from the statistical methodology literature that inadequate reporting of 

clinical trials and other literature has implications on both the reliability and 

validity of systematic reviews (Liberati et al. 2009); and we would argue that poor 

reporting of WES research data will ultimately have ramifications on how data is 

synthesised in large databanks such as ClinVar, OMIM, ExAC and the NLHBI exome 
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project, as they rely on provider input. Indeed, earlier work highlighted 

inaccuracies in variant interpterion that led to forming a central database such as 

ClinVar (Harrison et al. 2017). Essential items such as HPO terms, evolutionary 

conserved databases and full transcripts need further elaboration.  

 

The quality of pathogenicity rating for variants is linked to adherence to ACMG 

guidelines, and we found that only 13% of studies reported using the guidelines 

in their analyses. We found that genetics journals reported ACMG guidelines and 

their implementation better than neurology journals, reflecting its editorial 

standards. We propose that variants of undetermined significance are published 

in the literature to inform clinicians that a given variant is unlikely to be 

pathogenic and prevent the error of attributing a phenotype to a variant that may 

not be relevant and avoid errors in misclassification. Nevertheless, variants may 

still prove to be pathogenic. In any case the ACMG guidelines need to be adhered 

to and one isn’t sure if this is pervasive in the literature as it stands. The ClinGen 

criteria are curated by the ACMG guide variant assessment. In this review, we did 

not examine ClinGen criteria per se, which is a limitation of this study.  

 

Human Phenotype Ontology (HPO) is a novel way of categorising and comparing 

phenotypes in genetics studies; HPO allows for deep phenotyping and is used in 

WES diagnosis (Robinson et al. 2008; Köhler et al. 2019). The nervous system 

accounts for the second most common terms in the HPO database, with epilepsy 

and intellectual disability contributing to most neurological conditions (Köhler et 

al.,2020). We found that only a mere 3% of articles mention HPO numbers. As of 

writing, the American Journal of Medical Genetics requires authors to include HPO 
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terms; however, other non-genetic journals do not instruct authors to include HPO 

terms. This may be due to a lack of awareness of the HPO system and how it may 

help standardisation and phenotyping. The OrphaNet database of rare diseases 

uses HPO terms to collect individual disease information from the literature and 

provides unique disease identifier codes and epidemiological data. If HPO terms 

are not reported, rare diseases are difficult to phenotype and not able to be 

inputted into this valuable resource.  

 

Our analysis found that OMIM number was reported in 35% of studies. OMIM was 

reported more consistently in genetics journals than in neurology and other 

journals; interestingly, OMIM was better reported in low impact factor journals 

and better reported in case studies. Databases such as ClinVar accept submissions 

from external sources based on phenotypic correlation, a poor reporting of OMIM 

in the literature will delay the ability of databanks in capturing new data 

(Landrum et al., 2018). ClinVar recommends the submission to contain either 

OMIM, OrphaNet, HPO or other numbers (NCBI.NLM.NIH, 2020).  

 

Evolutionary conserved databases are frequently consulted to help confer 

pathogenicity to a given variant. If a variant is located within an evolutionary 

conserved region designated by lineage conservation databases, it is further 

evidence that the variant may be pathogenic. Less than a third of the studies we 

analysed referenced these databases. Furthermore, they did not or provide a 

chronogram of the variants across species. We found that genetics journals 

reported evolutionary conserved databases better than neurology journals, 

indicating a lack of awareness and potential skill differences in authorship.  
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Quality control measures such as Phred score or Q-score and other data was 

reported in just 14% of studies. These scores provide a quality metric of genetic 

data produced from an NGS; for example, a low Phred reduces the probability that 

a particular base has been called correctly, therefore our confidence that a variant 

is genuine. We found that quality scores were two times more likely to be reported 

in genetics journals than neurology journals. Poor reporting of quality scores is 

commensurate to incomplete reporting leading to bias in the findings' significance 

(Kong et al. 2018).  

 

Ethnicity, consanguinity and pedigree charts are data elements helpful in 

interpreting autosomal recessive conditions; also, they communicate segregation 

of variants in a meaningful way. Ethnicity is essential for interpreting variants as 

this will vary depending on the ethnic background (Petrovski & Goldstein, 2016). 

Our study demonstrated that nearly half of the articles published still do not 

report them. We found no differences in our subsets regarding ethnicity, but 

consanguinity was reported better in genetics journals and case studies. 

Furthermore, our analyses showed that genetics journals were twice as likely to 

report ethnicity than neurology journals within the subgroup of high impact factor 

journals.  

 

Most articles identified DNA sources derived from blood; other DNA sources 

include saliva or organ tissue. WES needs high-quality DNA free from 

contaminants. One study in cancer genomics found that irrespective of DNA 

source, WES results were little affected (Zhu et al., 2015). However, blood is 
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recommended with whole-genome sequencing as other DNA sources (e.g., saliva) 

are less efficient for sequencing genomic DNA or have a slightly elevated false-

positive rate (Trost et al., 2019). Nevertheless, if DNA source is not reported, 

comparative assessments between studies would need to be interpreted with 

caution. Our analysis showed that the DNA source was reported in less than half 

of the studies. Reporting DNA sources does not consume significant space in a 

journal article and reflects that lack of guidance to authors in this regard. 

 

Only 19% of studies we examined reported variants of undetermined significance 

(VUS). VUS reporting has minor precision medicine implications; nevertheless, 

poor reporting indicates reporting bias. We found that poor reporting of VUS in 

the medical literature is a cause of concern; this limits the accumulation of a 

comprehensive database of variants whose significance may be appreciated at a 

future period. In the era of ever-increasing publication of WES in epilepsy, and one 

expects the incidence of VUS to increase with increasing annotation data (Dunn et 

al., 2018). We found that cohort studies are two times more likely to report VUS 

than case studies. We postulate that cohort studies sequence a larger number of 

patients and are more likely to be published in genetics journals, accounting for 

the trend.  

 

Reporting the full transcript of the variant is essential as it allows other 

researchers to verify the variant. Our study showed that a full transcript was 

reported in 47% of all studies. A full transcript makes a variant publicly available, 

and this was reported better in genetics journals than in neurology and other 

journals. Case studies and studies published after 2016 were more likely to 
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disclose the full transcript of the variant. Given that most WES literature is 

published as case studies, it is vital that the full transcript be available for 

reproducibility and disclosure.  

 

Genetics journals reported WES data better than neurology journals, and this was 

statistically significant. This is likely due to these journals’ readership, authorship 

and editorial requirements; clinical authors would prefer neurology journals for 

various reasons, and peer review may overlook the finer points of bioinformatic 

data reporting. Essential steps in bioinformatic methodology are reported better 

in genetics journals, including exome target kit, type of sequencer, quality control 

measures and change from the reference genome. Results such as how variants 

impact polypeptide, full transcript information, sequence chronogram and 

deposition of results to ClinVar were reported better in genetics journals. 

 

Neurology journals performed poorly compared to other non-genetic journals in 

reporting overall. Other journals were better at reporting quality control 

measures such as a Phred score, and other journals reported DNA sources better 

than neurology journals. Neurology journals were relatively poorer at reporting 

the type of mutation and often did not include a sequence chronogram in the 

results. However, neurology journals were more likely to correlate phenotype to 

previously described disease and discuss the previous literature. Overall, the 

comparison between neurology and other journals highlights that neurology 

journals are significantly poorer at reporting WES methods, results and outcomes.  
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Case studies form the bulk of WES literature, forming roughly 80% of all studies. 

Although reporting standards exist for case studies (von Elm et al., 2007), these 

do not apply to WES methodology or results. Case reports, by their nature, 

reported some items better than cohort studies, including abstract data, clinical 

features, consanguinity and pedigree charts. However, this was at a cost to poor 

reporting of methodological data, variants of undetermined significance (VUS), 

and application of ACMG guidelines. 

 

This study highlights the deficiencies in neurology journals which include epilepsy 

journals in the reporting of WES data. We did not find any specific instructions to 

authors concerning genetic data in epilepsy journals. Most journals mention the 

CONSORT statements in their instructions, yet, there are no guidelines on 

reporting WES. The CONSORT statements cover case reports and reporting 

standards for genome-wide associations studies (GWAS). However, GWAS studies 

are rarely performed, and updated guidance is needed in the era of WES studies 

in epilepsy.  

 

Surprisingly, overall, we did not find any improvement in WES reporting over 

time. However, reporting of ACMG guidelines improved after 2016, and studies 

were more likely to report the full transcript and studies were more likely to 

deposit their findings to ClinVar. Reporting of some items did not improve after 

2016 and these included a discussion of how the variant impacts polypeptide and 

exome target kit.  
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WES is a novel diagnostic methodology with the means of uncovering disease 

causative genes. However, the use of WES is influenced by correct methodology 

and variant interpretation often, with a multidisciplinary approach. Therefore this 

study highlights gaps in reporting and should prompt further discussion on how 

these gaps are addressed. We propose a joint task force of the ILAE and the 

CONSORT to issue guidance on how next-generation sequencing data is published 

in epilepsy and medical specialties literature.  

 

Precision medicine therapies are now beginning to evolve for the treatment of the 

epilepsies, underscoring the increasing need and utility of precision diagnostics 

with WES (Baldassari et al. 2016). As WES becomes more cost-effective, it will 

enter more routine and appropriate clinical practice. Clinicians will need 

instruction and guidance in reading the ever-increasing literature in this field, and 

thus the quality of reports needs to be standardised across journals. Though many 

genetics journals already have standards for reporting variants and genomic data., 

these standards need to be cited in other specialty journals as genomic methods 

become mainstream. Journal editors need to review instructions to authors and 

how they publish genetic data to enhance transparency and allow for comparative 

assessments.  

 

This study is limited in its scope by using quantitative data to assess the quality of 

reporting. Although this study explored the reporting of the literature, further 

work is needed to review if authors use specific standards. The strength of this 

study is the large sample size used in the analysis. In the absence of a suitable 

benchmark, we compiled our benchmark, which underwent a collaborative phase 
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before implementation in our study. We would welcome others to comment and 

add to this benchmark. Notwithstanding the deficiency, we highlighted multiple 

areas of poor reporting across WES studies in the epilepsies.  

 

Recommendations 

 

1. Based on the findings of this study, we make the following 

recommendations. Authors seeking to publish WES data should ensure 

that all relevant methodological detail is presented.  

2. We recommend that authors be familiar with the ACMG guidelines and 

adhere to them. We recommend that journal editors be mindful of recent 

advances and instruct authors to submit articles with correct terminology.  

3. A collaboration of the ILAE and the CONSORT groups should make new 

recommendations reporting WES in the literature. Allowing frequent 

updates as and when sequencing technology changes in the future. 

4. A collaboration with the ILAE and HPO ontology should consider 

harmonising the ILAE classification with HPO terms. 

5. Authors should be particularly careful in presenting phenotypic data, and 

we recommend using HPO terms. 

6. Clinicians that outsource genetic analysis need to be aware of some of the 

methods used in variant calling and the significance of the output. 
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Table 1 List of thirty-eight items selected for inclusion. Items were selected based on consensus from 
neurologists, geneticists and bioinformatic specialists. 

Section of 

paper 

Descriptor of checklist item Comments 

Title 1) The title should state the gene or key 

gene of interest  

Gene should be easily identified in 

the title 

Abstract 2) Abstract should mention the key 

variant in the text 

Variants should be clearly stated so 

readers can easily identify the key 

results  

 3) Abstract should mention the gene or 

genes in the text 

Gene should be easily identified in 

the abstract 

 4) Abstract should state the clinical 

syndrome or its clinical features 

Syndrome or its clinical features 

should be clearly stated in the 

abstract 

Description 

of case or 

Introduction 

5) Mention the clinical features of the 

proband, relatives or siblings in text of 

article or in a table 

Clinical features should be clearly 

described 

 6) Mention the ethnicity of the proband 

or cases 

Variants may be specific to certain 

ethnicities. Reporting of ethnicity 

allow for future analysis to occur 

 7) State the Human Phenotype Ontology 

(HPO) Number when describing the 

clinical features of the participants 

HPO number is a standardised way of 

communicating phenotype, 

comparative analyses would be 

helped by standardisation 

 8) State the MIM or OMIM number of 

clinical syndromes 

OMIM numbers are relevant when 

stated and helps compare studies. 

OMIM is the most common disease 

database and is widely quoted in the 

medical literature.  

 9) State the consanguinity of parents of 

the proband  

Consanguinity is relevant when one 

thinks a mutation is recessively 

inherited 

 10) If cohort study, mention how 

patients were included and selected  

Cohort study item. Reporting of 

patient selection minimises bias in 

cohort studies 

 11) Details of ancillary investigations   

 12) Details of prior genetic tests like 

gene panels or chromosomal studies 

prior to considering WES 
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 13) Provide a pedigree chart  

 14) Provide a molecular science or 

genetics background in the introduction 

Studies should report any relevant 

background which may be relevant 

for further analysis 

Methods 15) State DNA source  Source of DNA impacts quality of 

DNA obtained and prevents miss-

mapping. Helps identify germline or 

somatic mutations of both 

 16) State exome target capture kit Kit type can indicate quality of 

overall sequencing due to inexact 

chemistry of kits available 

 17) Mention the type of sequencer used Type of sequencer has effect on 

consistency and result. 

 18) Mention some form of quality 

control of raw data from sequencer 

(Phred, or CG% or CG distribution) 

 

 19) State reference genome and build 

used to assemble the exome data  

Variant coordinates will differ based 

on the type and build of reference 

genome. 

 20) State type of Haplotype 

caller/bioinformatics pipeline used to 

distinguish variants from the reference 

genome 

Different variant callers can produce 

different results; some are more 

accurate than others. 

 21) State variant filtering approach  Were variants filtered by pre-defined 

thresholds; probability estimates, in 

reference to curated variant datasets 

 22) State type of annotation databases 

consulted  

Examples of annotation databases 

are ANNOVAR etc. 

 23) Stat what minor allele frequency 

(MAF) databases were consulted 

MAF is important in determining if a 

variant is rare or not 

 24) State in-silico Prediction databases 

consulted  

Damage predicting databases such as 

PolyPhen SIFT, CADD, or 

MutationTaster etc.  

 25) State evolution conservation 

databases consulted  

Evolution conservation databases 

inform us what parts of the gene are 

under constraint or drift. Genetic 

data under constraint almost always 

translates to an important part of the 

polypeptide 
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 26) State how variant impacts translated 

polypeptide sequence and protein 

function  

 

 27) State pathogenic variant databases 

consulted for previous reports of variant 

(Clinvar OMIM or as a narrative 

description) 

 

 28 State whether ACMG guidelines were 

applied when relevant  

 

Results  29) If cohort study must provide a 

diagnostic yield as a proportion or 

percentage  

Cohort Study item 

 30) If results were validated by Sanger 

sequencing  

Sanger sequencing is a method to 

validate a variant, older studies 

would need validation but more 

recently it is not needed 

 31) Was full transcript information of 

the variant was provided  

Full transcript of the variant allows 

other readers to compare and verify 

the findings  

 32) Do they report variants of 

undetermined significance 

Poor reporting of VUS may indicate 

reporting bias 

 33) State missense, insertion deletion 

substitution stop-gain or any other form 

of mutation 

 

 34) State variant 

segregation/inheritance or did it arise 

de novo  

 

 35) Do they report findings on sequence 

chronogram 

 

Discussion 36) Discuss any previous literature in 

view of findings 

 

 37) Do authors deposit their findings to 

ClinVar NCBI SRA or any relevant data 

bank 

Do authors state that they contribute 

the results of the study to a data 

banks 

 38) Is the patient’s phenotype compared 

to the reported associated disease state 

of the disrupted gene  

 

 



 

 33 

Table 2 Characteristics of included studies. 

Covariate  Number of studies (%) total=451 

Syndrome Developmental Epileptic 

encephalopathy  

Epilepsy and Intellectual Disability 

Other 

149 (33%) 

 

110 (24%) 

192 (43%) 

Journal type Genetics 

Other 

Neurology 

225 (50%) 

57 (13%) 

169 (37%) 

Study type Case/Case series 

Cohort 

360 (80%) 

91 (20%) 

Publication date Pre-2017 

Post-2016 

218 (48%) 

233 (52%) 

Impact factor Low Impact factor  

High Impact factor 

188 (42%) 

57 (13%) 

 

Table 3 Top ten journals publishing WES studies. 

Journal Name Number of Studies Percentage 

American Journal of Medical Genetics 33 7.3 

American Journal of Human Genetics 30 6.7 

Epilepsia 27 6.0 

Brain and Development 21 4.7 

European Journal of Human Genetics 18 4.0 

Clinical Genetics 17 3.8 

Journal of Medical Genetics 14 3.1 

Neurology 14 3.1 

Annals of Neurology 13 2.9 

Pediatric Neurology 13 2.9 

 

Table 4 Means and difference of means. 

Covariate  Number 

of 

Studies 

Mean 

Score 

Range of 

Scores 

Difference 

of Means 

95% CI of 

mean 

difference 

p-value 

Pre-2017 

Post-2016 

218 

233 

20.9 

21.4 

4-30 

8-31 

0.5 -1.4 to 0.4 0.24 
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Case study 

Cohort Study 

360 

91 

21.17 

21.08 

8-31 

4-30 

0.09 -1.0 to 1.18 0.86 

Genetics Journal 

Neurology Journal 

225 

169 

22.4 

19.9 

10-30 

9-31 

2.5 1.6 to 3.4 <0.01 

Genetics Journal 

Other Journal 

225 

57 

22.4 

20.1 

10-30 

4-30 

2.3 1 to 3.5 0.001 

Neurology Journal 

Other Journal 

169 

57 

19.9 

20.1 

9-31 

4-30 

0.2 -1.7 to 1.3 0.77 

Low Impact factor 

High Impact factor 

188 

76 

20.6 

22.0 

4-31 

11-30 

1.4 -2.7 to -0.05 0.04 

 

Table 6 Percentages of items reported in WES articles. 

 Item Percentage 
Reported 
well 

Title mentions gene 
Abstract mentions gene 
Abstract mentions syndrome 
Clinical features 
Inclusion and selection of patients 
Ancillary investigations 
Mutation type 
Previous literature 
Phenotype compared to reported associated disease 
Variant segregation/inheritance 
Sanger sequencing Validation 
Molecular science background 
Sequencer used 
Minor Allele Frequency  

87 
97 
96 
95 
80 
88 
95 
98 
86 
91 
77 
78 
73 
71 

Reported 
with 
medium 
frequency 

Exome target kit 
How variants impacts polypeptide 
Abstract mentions variant 
Ethnicity  
In-silico predicting databases such as PolyPhen, SIFT etc. 
Consanguinity 
Haplotype caller  
Pedigree chart  
Variant filtering 
DNA source  
Pathogenic databases of previous reports 
Full transcript information 
Reference Genome used to assemble exome data 
Sequence chronogram 
Diagnostic yield estimate 
Annotation databases 
Prior Genetic tests 
OMIM 

67 
64 
63 
61 
59 
58 
58 
53 
48 
47 
47 
47 
45 
45 
43 
38 
35 
35 
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Evolutionary conserved databases 31 
Reported 
Poorly 

VUS reported 
Quality scores such as Phred, CG% or CG distribution 
ACMG guidelines applied 
Deposit findings to ClinVar 
Human Phenotype Ontology (HPO) terms  

19 
14 
13 
6 
3 

 
 

920 citations 

704 citations 

690 citations 

589 citations 

486 citations 

451 included 
studies 

216 Not Epilepsy 

14 Not English 

101 Review Articles 

103 Not WES  

35 Others  

Figure 1 Selection of Studies 
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Figure 2 Forest Plot comparing Other Journals and Genetics Journals 

 

Figure 3 Forest Plot comparing Other Journals and Neurology Journals 

 

Figure 4 Forest Plot comparing Pre 2017 vs Post 2016 studies 
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Figure 5 Forest plot comparing Cohort and Case studies 

 

Figure 6 Forest Plot comparing High Impact versus Low Impact Journals 

 

Figure 7 Forest Plot comparing Neurology and Genetics Journals 

 


