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Objective: The objective of the study was to assess the influence of gender on psychiatric disorders in children
with epilepsy (CWE).
Method: A systematic review of the literature on risk factors for psychiatric disorder in CWE published between
2004 and June 2018 was undertaken. Studies including data on gender that permitted the calculation of a risk
ratio (RR) were included in the meta-analysis. A meta-regression was conducted to examine the contribution
of setting of the survey and the inclusion of learning disabilities.
Results: Thirty-nine papers were included in the review. Themale/female RR in CWE for Attention Deficit Hyper-
activity Disorder (ADHD) was 1.49 (Confidence Interval (CI): 1.24–1.79), autistic spectrum disorder (ASD) 1.67
(CI: 1.47 to 1.90), anxiety 1.00 (CI: 0.90–1.12), and depression 0.93 (CI 0.41–2.09). More boys than girls had
ADHD and ASD, but in relative terms, the RR male/female was lower in CWE than the RR in the general popula-
tion reported in other studies.Meta-regression indicated that the inclusion of childrenwith intellectual disability
(mental retardation) or the setting (community vs hospital) did not have a significant impact.
Conclusion: Comparedwith girls in the general population, girls with epilepsy seem to be at a higher risk of being
diagnosed with ADHD/ASD as the gender ratio is more equal. This could be related to differences in the assess-
ment of CWE and/or a shared pathogenesis between psychiatric conditions and epilepsy.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

The prevalence of some psychiatric disorders varies according
to gender. In the epidemiological survey of mental health disorders in
children and adolescents aged 5 to 16 years in Great Britain, the rate
of psychiatric disorder was 11% in boys vs 8% in girls. Different disorders
had different prevalence depending on gender: emotional disorder was
slightly more frequent in girls than boys (4.3% girls vs 3.1% boys)
whereas conduct disorders (CD), hyperkinetic disorder (HD), and autis-
tic spectrum disorder (ASD) were more prevalent in boys (CD: 7.5% vs
3.9%; HD: 2.6% vs 0.4%; ASD: 1.4% vs 0.3%, respectively) [1]. This
difference has been attributed to biological factors, case ascertainment,
referral factors, and/or environmental issues.

For autism, a meta-analysis by Loomes et al. [2] found an odds ratio
(OR) for boys/girls of 4.2, with better quality studies having an OR of
3.32. It has been proposed that there are different symptoms for boys
and girls, which lead to an underdiagnosis of girls [2]. Alternatively, it
Liaison, 3rd Floor Hambleden
9RS, United Kingdom of Great

).
has been proposed that autism is linked to chromosome X [3] and that
females are protected by having two X chromosomes and hence, have
a lower risk of the disorder.

Aside from the factors linked to differences in diagnostic rates
between males and females, several factors have been associated with
the relative risk of psychiatric disorders. For example, the presence/
absence of an intellectual disability may affect the prevalence rates,
including the ratio of males to females diagnosed. In a study including
adults and children, Lai et al. [4] reported amale/female ratio for autism
and ASD of 4/1 in individuals with intellectual disability and 5/1 at
the high-functioning end. Similarly, the setting in which individuals
are assessed may also affect the ratio of diagnosis between genders.
Rucklidge [5] estimated that the worldwide-pooled prevalence rate
for ADHD was 5.29%. Depending on the setting, the ratio of boys to
girls varied from 2:1 to 9:1, with the rates being more equal in samples
obtained from community settings. Finally, previous research has
consistently shown that depression is more common in women than
in men; however, the higher prevalence of depression in females starts
to be apparent in adolescence, and in childhood, the rates are more
equal [6]

Epilepsy is a neurological disorder. A recent study [7] reports a sim-
ilar prevalence of active epilepsy in boys and girls (prevalence 0.39%
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based on a definition of epilepsy as having had seizures in the last
2 years). Epilepsy has a high rate of psychiatric comorbidity. In the UK,
Davies et al. [8] found a prevalence of psychiatric disorder in 37% of
children with epilepsy (CWE) vs 9% in the general population. A meta-
analysis by Strasser et al. (2018) [9] found that the risk factors for ASD
in people with epilepsy were intellectual disability, male gender,
young age, and some specific epilepsy syndromes. In a population
study among CWE aged 8–13 years, Alfstad et al. [10] looked at the ef-
fect of gender on psychiatric symptoms in CWE and found that girls
had more emotional problems while boys had higher scores in peer re-
lationship and hyperactivity/inattention problems. A study by Aaberg
et al. [11] gives the different rates according to gender of psychiatric dis-
orders and othermedical conditions in CWE comparedwith the general
population in Norway.

It would seemuseful to look at the effect of gender on the prevalence
of psychiatric disorder in CWE across different studies. If the ratio male/
female of psychiatric disorder in CWE was more equal than in the
general population of children, this could suggest that having epilepsy
potentially overrides the factors influencing the different prevalence
of psychiatric disorders according to gender in the general population
or may suggest that epilepsy predisposes to/or has the same pathogen-
esis as various psychiatric disorders.

The aim of this study was to conduct a systematic review andmeta-
analysis of howgender influences the prevalence of psychiatric disorder
in CWE, interpret the results in terms of study quality;, and assess the
nature and source of heterogeneity of estimates through the assessment
of potential moderating variables.

2. Method

Using published guidelines for the conduct of a meta-analysis [12], a
systematic review of the literature looking at factors associated with
psychiatric disorders in CWEwas undertaken. The studies that included
gender as a risk factor were included in the meta-analysis.

2.1. Search strategy

Electronic database searching and handsearching were used as
methods to identify studies. A literature search of the following data-
bases OvidMedline, PsycINFO, EMBASE, Cinahl, and Child Development
was conducted to identify studies published between 2004 and June
2018. In 2004, Epilepsy& Behavior published a supplement that
reviewed the available data on the psychiatric comorbidities in CWE
[13], so 2004 was taken as the start date for this review.

The following keywords and Medical Subject Headings (MESH)
headings were used in combination with the “AND” and “OR” Boolean
operators: 1) epilep*; 2) behav* disorder or psych* disord* or mental
health ormental illness or mental disord* or psych* co-morbidi* or psy-
chopathology or emotional disord* or depression or anxiety or Post trau-
matic stress disorder or post-traumatic stress or attention deficit* or
disruptive disord* or ADHD or ADD or Attention deficit or OCD or PTSD
or psychos* or schizo* or affective disorder* or mood disord* or episodic
dyscontrol or autis*or autistic dis* or ASD or child behavi* disord*; 3) prev-
alence or population risk or behavioral riskfactor surveillance systemor risk
factor* or attributable risk or risk or incidence or comorbidit* or prognosis
or association or Epidemiology; 4) child* or Adoles* or teen* or infan*.

Additionally, review papers were handsearched for references as
well as recent key articles. Reports from organizations specific to epi-
lepsy were also examined to identify further papers.

2.2. Inclusion and exclusion criteria

To be included in the meta-analysis, studies were required to
i) include only children (18 years or younger) in the sample or if they
included children and adults, present the data separately for children,
ii) use a standardizedmeasures or assessment of psychological difficulties
and/or psychiatric diagnosis, and iii) present data to enable the calcula-
tion of a risk ratio (RR), OR, correlation coefficient (Pearson's r), or the
standardized mean difference as a measure of association between the
risk factor and psychiatric diagnosis or psychological difficulty or gave
the p value. Studies with the specific aim of assessing gender as a risk
factor either for psychopathology in CWE or for a specific psychiatric
disorder in CWE were included alongside studies that did not cite this
as a main aim, providing the study met the above inclusion criteria and
provided the required data to enable the comparison.

Studieswere excluded from the review if they a) included adults and
children without providing separate data for each population, b) were
case study or case series with n b 15, c) focused on the effects or side
effects of antiepileptic drugs (AEDs) or compared different AEDs,
d) included a sample of children selected for epilepsy surgery, and
e) were not published in either English or Spanish. Additionally, book
chapters that did not contain the data from the original studies or
review articles were not included.

Where different publications reported analyses from the same
dataset, these were included so long as they provided estimates for dif-
ferent disorders andwere checked to ensure that there was no duplica-
tion of data. Where data were duplicated, estimates from the largest
sample or from the most comprehensive article were used.

2.3. Data extraction

Two of the authors (MTLP and VB) independently entered the rele-
vant data on gender in a database and compared the results. If in case
there was a discrepancy, the reviewers met and recalculated the preva-
lence rates. In addition, the sample origin (community or hospital) and
inclusion of children with intellectual disability were coded.

2.4. Quality assessment

As eligible studies were all observational the ‘Quality Assessment
Tool for observational cohort and cross-sectional studies’ (Retrieved
from http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/
cardiovascular-risk-reduction/tools/cohort) was used to assess study
quality. This measure was initially devised by the National Institute of
Health (USA) for cohort and observational studies on heart and blood
disorders, but it has been used for other disorders since then. It consists
of 14 items, each rated yes, no, or not applicable, with an overall rating
of good, fair, and poor. The first author initially rated all the papers, with
the second author examining the quality of papers independently.
Where disagreement between ratings occurred, these were resolved
via discussion.

2.5. Data analysis

To measure the strength of the association between gender and
psychiatric disorder in CWE, the RR was used. The data extracted from
papers were the total number of girls and boys in the sample of CWE
and the total number of girls and boys with epilepsy having a psychiat-
ric disorder. This gives the risks for ADHD, ASD and depression, anxiety,
and psychopathology for boys with epilepsy compared with the risk for
these disorders of girls with epilepsy.

A random effects meta-analysis was conducted to estimate the
risk for various psychiatric disorders according to gender using STATA
Version 14. I-squaredwas used tomeasure heterogeneity. Dichotomous
data were entered directly into STATA to enable the calculation of a
relative risk.

Where papers reported only a relative risk, this was included along-
side an estimate of variance for the effect. Where papers failed to report
sufficient data but included some information (such as textual descrip-
tion of no difference between the genders), these were included only in
a sensitivity analysis to assess their impact on the findings. A conserva-
tive RR of 1 was used, with the standard error estimated from the other
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included papers. The log RR and log of the standard error was then
entered into the sensitivity analysis.

To assess the impact of different variables on the analysis, meta-
regression was performed using the metareg command in STATA
version 14. Variables included in themeta-regressionwere prespecified
(presence/absence of intellectual disability and setting of the research).

3. Results

The search elicited 6325 references. Following the removal of dupli-
cates, 4947 papers remained. After inclusion and exclusion criteria were
Fig. 1. PRISMA flo
applied, 108 papers reported on risk factors and of these, 48 papers
reported on the contribution of gender as a factor associated with
psychiatric disorder or general psychopathology. Three papers were
excluded as their results were contained in another more recent
study, and six papers did not provide data that could be used in the
meta-analysis. This left a total of 39 papers eligible for themain analysis.

The results of the search process are shown in the PRISMA flow
diagram (see Fig. 1).

Of the 39 papers that reported on gender as a risk factor for psychi-
atric disorder included in the review, 32 used psychiatric diagnoses as
outcome (ASD, ADHD, anxiety, depression, or internalizing disorders),
w diagram.
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Fig. 2. Forest plot for all psychiatric diagnosis/psychopathology in CWE.
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and 7 used scales in a dichotomous way asmeasures of general psycho-
pathology. Five papers had diagnoses in more than one category [11,
14–17]. Only one paper [14] mentioned in the title and abstract that
studying the contribution of gender was an aim of the study.

The effect of gender was analyzed for each one of the psychiatric
diagnoses and for the measures of general psychopathology.

3.1. Gender as a risk factor for psychiatric diagnosis in CWE

Thirteen papers had ASD diagnosis as an outcome measure [11,14,
15,18–27]. Fifteen had the diagnosis of ADHD as an outcome [11,14,
15,28–39]. Four papers [11,14,16,17] had the diagnoses of depression
and anxiety as outcomemeasures;five papers [40–44] had internalizing
disorder as an outcome.

The RR for ASD male/female in CWE is 1.67 (CI: 1.47 to 1.90) mean-
ing, the risk of boys with epilepsy having ASD is 1.67 times greater than
the risk for girls. The I-squared of 0% indicated a lack of statistical het-
erogeneity. For ADHD, the RR male/female for CWE is RR = 1.49 (CI:
1.24–1.79), I-squared = 42.6% indicating moderate heterogeneity.
Both of these findings were statistically significant. For depression, RR
= 0.93 (CI: 0.41–2.09), I-squared= 85% indicating high heterogeneity;
for anxiety, RR= 1.00 (CI: 0.90–1.12), I-squared = 0.0% indicating lack
of heterogeneity. For internalizing disorder, RR = 0.86 (CI: 0.66–1.13),
I-squared = 0.0% indicating lack of heterogeneity. None of these find-
ings were statistically significant.

3.2. Gender as a risk factor when the outcome is general psychopathology

There were six papers [45–49] that used scales to measure outcome
and provided useable data for the meta-analysis. All of the papers used
parent-rated measures (Child Behavior Checklist (CBCL), Strengths
and difficulties questionnaire (SDQ), Rutter scales parent rated, Child
Behavior Questionnaire for Parents (CBQFP)); additionally, one paper
[50] used overall psychiatric diagnosis from care notes but did not
classify the type of disorder, so it was, therefore, included within the
general psychopathology outcomes.

Male/female RR for psychopathology in CWE=1.06 (CI: 0.91–1.24),
I-squared = 0% indicating no heterogeneity. Three papers [51–53]
reported that gender did not have a significant effect but did not give
enough data to be included in the meta-analysis. In this case, these
papers were included in a sensitivity analysis to assess the effect of
these papers on the RR. Results of the sensitivity analysis indicated
that the inclusion of these papers did not change the overall conclusion.

Forest plot giving the RR has been used to summarize the data
(Fig. 2).

3.3. Risk of publication bias

Given that there were papers that did not provide useable data for
the meta-analysis, we also examined the risk of publication bias. A fun-
nel plot (Fig. 3) indicates that there is some limited evidence of small
study bias, such that the small studies included in the meta-analysis
show a positive effect, with small studies showing a negative effect
absent from the plot. The funnel plot is also influenced by one study
which is an outlier RR nearly 6.

3.4. Moderators

Ameta-regressionwas conducted to examine the impact of intellec-
tual disability and setting on the effect of gender. Given the small
number of papers, meta-regression was only conducted for ADHD and
ASD. Papers were coded regarding whether the sample included
children with intellectual disability or excluded them and whether the
sample was recruited from the community, a hospital setting, or a
mixed setting. Neither the presence of intellectual disabilities nor the
study setting had any significant impact on the results.
3.5. Quality analysis

The 39 papers included in the meta-analysis were observational
studies, either cross-sectional or cohort studies. Studies varied in their
quality and focus. The measure used for assessment of quality and
the summary of the quality rankings is available as supplementary
information. Across the 39 papers, 28 were considered good, 9 fair,
1 poor, and 1 (poor/fair).

The two reviewers agreed on the rating of 38 out of 39 papers. In one
paper, one of the reviewers considered the paper poor and the other re-
viewer fair. The quality ratings have been provided as supplementary
information.
4. Discussion

The risk for ADHD and ASD is higher for CWE than in children in the
general population [8,9]. Within the systematic review and meta-
analysis, we indicated that the risk for these disorders is slightly higher
for boys with epilepsy than for girls with epilepsy. Girls with epilepsy
are at a much higher risk for being diagnosed with these disorders
than girls within the general population; for example Meltzer et al.
[54] found that in children in Great Britain, the male/female rate for
HD was 2.4/0.4, 0.5/0.1 for pervasive developmental disorder, and
11.4/7.6 for anxiety. The results of a recent population study conducted
in Norway by Aaberg et al. [11] are in the same direction. They found an
OR ofmale/female for ADHD for CWE as 1.6,which compares to anORof
2.5 in the general children population. For autism, the same authors
found an OR of 1.6 in CWE compared with 3.7 in the general children
population, anxiety OR of 1.1 in CWE compared with 0.7 for the general
children population, and for depression, the OR is 0.4, the same for CWE
and for children in the general population

The reasonwhy the rate betweenboys and girls for ADHDandASD is
more equal for CWE than for the general population is unclear. It could
be that having epilepsy predisposes to ADHD and ASD because seizures
may damage the neurological pathways for social recognition or atten-
tion [55] or that there is a common genetic predisposition or common
pathophysiology for neuropsychiatric disorders and epilepsy. Support
for this last hypothesis may come from family studies that have found
higher rates of ADHD in first degree relatives of CWE [56]. Another
reason could be that there is a better identification of symptoms in
CWE than in children in the general population because CWE are seen
by specialists: Some researchers have reported gender differences in
ADHD symptoms, girls with ADHD have fewer problemswith attention,
impulsivity, hyperactivity, and externalizing problems than boys [57]
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making their identification more difficult. It could be that girls with ep-
ilepsy who are seen in specialist centers are more thoroughly assessed,
and this leads to better identification of ASD and ADHD.

4.1. Strengths and limitations

This is the first systematic review and meta-analysis examining the
effects of gender on psychiatric diagnosis in CWE and indicates that
more equal RR for males and females (by comparison with the total
population) persists across different countries and studies. However,
the results must be interpreted with caution. Within the meta-
analysis, there was a mixture of papers, including two that were rated
as poor quality, and it was considered that excluding these papers
would add a bias and therefore were included. The meta-analysis for
papers of depression showed high heterogeneity, suggesting caution
with the interpretation of the data, as the level of heterogeneity may
represent differences in either the clinical populations included or the
study methods. Some of the studies, which used scales as an indicator
or general psychopathology, indicated that the contribution of gender
was “nonsignificant” but did not provide useable data for the meta-
analysis. Although this may add bias to the results, these studies were
included within a sensitivity analysis that indicated that their inclusion
did not change the results of the main analysis. Unfortunately, because
of limitations on the number of variables that can be analyzed, we are
unable to say whether other factors, such as the onset/duration of
seizures or the time between diagnosis of epilepsy and psychiatric dis-
order, have awearing on the gender ratio. Finally, only one of the papers
included in the review was specifically focused on gender as a risk
factor, in all other papers, data were extracted for gender without
being the main aim of the investigation.

5. Conclusions

Children with epilepsy have a higher rate of psychiatric disorders
compared with children in the general population. Children with epi-
lepsy should be comprehensively assessed for all psychiatric conditions
but particularly for ASD and ADHD. Children with slight symptoms
(particularly girls) may be unrecognized. Standardized assessment pro-
tocols across settings could ensure that children receive a thorough
assessment and treatment. The frequency of neuropsychiatric disorders
seems to be increased in girls with epilepsy compared with girls in the
general population. The nature of the relationship between ASD,
ADHD, and epilepsy, and the impact that gender can have on this rela-
tionship continue to be a challenge and further research studies will
be needed to ascertain the nature of the relationship.
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