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Background. The post-pubertal association of female gender with emotional disorder is a robust finding. However,
studies exploring the association of gender and emotional disorders before puberty are few and present diverging results.
The aim of this study was to present gender-specific incidence rates of emotional disorders throughout childhood.

Method. This is a population-based cohort study of 907806 Danish 3- to 18-year-olds. The outcome was assignment of
an emotional disorder diagnosis based on in-patient and out-patient data from The Danish Psychiatric Central Register.
Outcome measures were incidence rates and cumulative incidences for unipolar depressive disorder (ICD-10: F32-F33),
anxiety disorders (ICD-10: F40-F42), and emotional disorders with onset specific to childhood (ICD-10: F93).

Results. Pre-pubertal incidence rates for depressive and anxiety disorders were higher for boys than girls. At age
12 years the pattern reversed. The cumulative incidence for any emotional disorder (F32-F33, F40-F42, F93) on
the 11th birthday was 0.52% (95% CI 0.50-0.55) for boys and 0.31% (95% CI 0.29-0.33) for girls. On the 19th birthday
cumulative incidence was 2.33% (95% CI 2.24-2.43) for boys and 3.77% (95% CI 3.64-3.90) for girls. The pre-pubertal
male preponderance was also significant for depressive disorders (F32-F33, p=0.00144) and anxiety disorders
(F40-F42, F93, p<0.00001) separately.

Conclusions. Emotional disorders seem to display a male preponderance before the age of 12 years and a female
preponderance thereafter. Studies exploring this gender-age interaction are needed. Still, the results question the general
assumption that females throughout the lifespan are more at risk for emotional disorders than males.
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Introduction associated with these psychiatric disorders, the causal
pathways are largely unknown. The preponderance
of females in depressive disorders in adolescence and
adulthood seems to be related to pubertal status rather
than age (Angold et al. 1998; Patton et al. 2008), and
some studies find an association with the timing of
onset of puberty (Essau et al. 2010; Joinson et al.
2011). However, it remains unclear whether the causal
pathways of female gender act through biological,
psychological, environmental or relational pubertal
changes. One thing is evident though: emotional disor-
ders are frequent and painful, with unipolar de-
pression being the third largest contributor to the
global burden of disease (WHO, 2008). Certainly we
cannot eliminate the risk factor that gender poses for
emotional disorders, but we may be able to intervene
and treat mental disorders more efficiently if we

Gender poses a risk factor for the development of
certain mental disorders. Boys are more likely to de-
velop early-onset ‘neurodevelopmental” disorders like
autism and attention deficit hyperactivity disorder
(Rutter et al. 2003, 2008), not to mention conduct and
oppositional disorders (Loeber et al. 2000; Rutter et al.
2008). By contrast, females are observed to be in the
majority in adolescent and adult depressive disorders
(Wade et al. 2002; Marcus et al. 2005; Roberts et al.
2009; Costello et al. 2011; Thapar et al. 2012; Vicente
et al. 2012) and anxiety disorders (Merikangas &
Pine, 2002; Costello et al. 2005; Kessler et al. 2010).
Although it is a robust finding that gender is
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know more about the aetiological pathways of gender.

In order to explore gender as one such possible etio-
logical factor in emotional disorder, the gender-specific
occurrence of emotional disorders needs to be evident
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before and after puberty. The gender ratios for adoles-
cents, adults and the elderly are widely examined, but
studies identifying pre-pubertal gender ratios are few,
and their results are diverging. In addition, there is a
paucity of studies investigating incidence rates for
emotional disorder that are free of bias due to possible
gender-associated differences in their duration.

Reviews and studies exploring depressive disorders,
either state that the pre-pubertal gender distribution
is 1:1 (Alyahri & Goodman, 2008; Hyde et al. 2008;
Anderson & Mayes, 2010; Merikangas et al. 2010;
Naninck et al. 2011; Bufferd et al. 2012; Vicente et al.
2012), or that it is either equal or slightly higher for
boys (McGee et al. 1992; Angold et al. 1998; Almqvist
et al. 1999; Cyranowski et al. 2000; Rutter et al. 2003;
Steiner, 2003; Zahn-Waxler et al. 2008; Carballo et al.
2011; Wichstrom et al. 2012). Some studies exploring
anxiety disorders before puberty find a female prepon-
derance (Almqvist ef al. 1999; Kroes et al. 2001), while
others find equal gender distributions (Vicente et al.
2012; Wichstrom et al. 2012). Still, there have been
fewer studies of associations between gender and the
onset of anxiety disorders than between gender and
depressive disorders, partly due to uncertainty regard-
ing diagnostic boundaries (Costello et al. 2005).

The aim of our study was to present gender-specific
incidence rates for emotional disorders throughout
childhood and adolescence based on data from the
Danish national registers. To our knowledge this is
the first large-scale population-based study exploring
gender-specific incidence rates across childhood.

Based on studies supporting the theory of an
affective-anxious spectrum, where anxiety disorders
and depressive disorders show a genetic and pheno-
typic overlap (Hudson et al. 2003; Middeldorp et al.
2005; Weissman et al. 2005; Hettema, 2008; Gardner
& Boles, 2011), we expected that the gender patterns
would be similar for these diagnostic groups. We
hypothesized that the gender-specific incidence rates
would be equal for pre-pubertal boys and girls and
that a female preponderance would be present after

puberty.

Method
Study design

This was a population-based cohort study of Danish
children and adolescents in which those who had
received a diagnosis of clinical emotional disorder
were identified.

The study population included all children born in
Denmark between 1 January 1992 and 31 December
2008 of parents also born in Denmark (N=907806).
Data was collected by linkage of existing national reg-
isters. The Danish Civil Registration System (Pedersen
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et al. 2006), in which all people alive and living in
Denmark are registered, was established in 1968.
Among other variables, it includes information on per-
sonal identification number, gender, date of birth, and
continuously updated information on vital status. The
personal identification number is used in all national
registers enabling accurate linkage between registers.

Assessment of emotional disorder

The study population was linked with the Danish
Psychiatric Central Research Register (Mors et al.
2011) to obtain information about mental illness. The
Danish Psychiatric Central Register was computerized
in 1969 and contains data on all admissions to Danish
psychiatric in-patient facilities, and, from 1995, data on
out-patient visits to psychiatric departments. From
1994 the diagnostic system used was the Danish mod-
ification of International Classification of Diseases,
10th revision, Diagnostic Criteria for Research (ICD-
10-DCR; WHO, 1993). Cohort members were classified
with an ICD-10 diagnosis if they had been admitted
to a psychiatric hospital or had received outpatient
care. The three diagnostic categories considered were;
(1) unipolar depressive disorder [depressive episode
(F32), recurrent depressive disorder (F33)], (2) anxiety
disorders [phobic anxiety disorders (F40), other anxi-
ety disorders (F41), obsessive compulsive disorder
(F42)], and (3) emotional disorders with onset specific
to childhood (F93).

The age of onset was defined as the first day of the
first contact (in-patient or out-patient) given the diag-
nosis of interest. Multiple disorders were recorded
if developed by the study participants, meaning that
a child could appear in more than one diagnostic
category.

Cohort members were followed from their 3rd birth-
day until onset of the disorder, death, emigration from
Denmark, 19th birthday, or 31 December 2011 (which-
ever came first). Given the study period from 1 January
1995 to 31 December 2011, diagnoses were classified by
ICD-10, and data included in- and out-patient data, as
well as data from psychiatric emergency care units.

Data analyses

We estimated incidence rates and cumulative inci-
dences of each emotional disorder. The incidence rate
measures the number of new cases that emerge per
time period, and the cumulative incidence measures
the percentage of people in the population who de-
velop the disorder in question before a given age
(Andersen, 1993; Rosthoj et al. 2004). Incidence rates
and cumulative incidence were calculated for each gen-
der and emotional disorder separately and were esti-
mated using competing risk survival analyses to
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Table 1. Cumulative incidence® at 11th and 19th birthdays

Gender-age interaction in childhood emotional disorders 831

11th birthday 19th birthday
Disorder No. cases Males Females No. cases Males Females
F32-F33 207 0.05 (0.04-0.05) 0.03 (0.02-0.03) 3433 0.96 (0.90-1.03) 2.33 (2.22-2.44)
F40-F42 1168 0.22 (0.21-0.24) 0.16 (0.15-0.18) 3848 1.10 (1.04-1.17) 1.55 (1.47-1.64)
F93 1359 0.28 (0.26-0.30) 0.14 (0.13-0.15) 2212 0.50 (0.47-0.53) 0.40 (0.37-0.43)
F40-F42+F93 2419 0.48 (0.46-0.51) 0.29 (0.27-0.31) 5754 1.53 (1.46-1.59) 1.87 (1.78-1.96)
F32-F33+F40-F42+F93 2594 0.52 (0.50-0.55) 0.31 (0.29-0.33) 8602 2.33 (2.24-2.43) 3.77 (3.64-3.90)

?The cumulative incidence measures the probability in percent to have developed the disorder before a certain age taking
into account that persons may emigrate or die. The numbers in parentheses indicate 95% confidence intervals. Disorders are

not mutually exclusive.

account for the fact that persons are simultaneously
at risk for an emotional disorder, death, or emigration
from Denmark. Ignoring such censoring will bias the
estimated incidence rates downwards and the esti-
mated cumulative incidences upwards (Andersen,
1993; Andersen et al. 2012).

Puberty onset is observed at mean age 10 years
for Danish girls (defined as Tanner breast stage 2+)
(Aksglaede et al. 2009), and at mean age 11.5 years
for Danish boys (defined as testicular volume above
3 ml) (Sorensen et al. 2010). In our study, we therefore
examined the cumulative incidence rates before the
11th birthday, as an indicator of acquiring an emotion-
al disorder diagnosis before puberty.

Ethics statement

This study was approved by the Danish Data Protec-
tion Agency.

Results

A total of 907806 children and adolescents born
1992-2008 were included in the study. A total of
3433 subjects were identified with onset of unipolar de-
pressive disorder (F32-F33) (207 subjects before the
11th birthday), and 5754 subjects were identified
with onset of anxiety disorder (F40-F42, F93) (2419
subjects before the 11th birthday) (Table 1). In total,
8602 subjects were identified with any emotional
disorder.

The incidence rates for emotional disorders are
listed in Figs 1-3. The solid and dashed lines show
the age-specific incidence rates for boys and girls, re-
spectively, and the dotted lines show the age-specific
cumulative incidence. The cumulative incidence mea-
sures the probability of having been diagnosed before
a given age. Since the cumulative incidence is
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estimated continuously with respect to age and the in-
cidence rates are estimated in age intervals, the x-axis
for the cumulative incidence measures the exact age,
whereas the x-axis for the incidence rate measures
the lowest cut-point for the age interval. In Fig. 1, for
example, the incidence rate for females aged 10.00-
10.99 years is 1.30 (95% CI 0.92-1.83) per 10000 person-
years at risk, and the cumulative incidence for females
on their 11th birthday is 0.03% (95% CI 0.02-0.03).

As expected, incidence rates for depressive disor-
ders, anxiety disorders and emotional disorders with
onset specific to childhood were highest for girls after
the onset of puberty. However, before puberty, males
had the highest incidence rates. At age 12 years, the in-
cidence rates were equal for boys and girls.

The cumulative incidence for any emotional disorder
(F32-F33, F40-F42, F93) on the 11th birthday was
0.52% (95% CI 0.50-0.55) for boys and 0.31% (95% CI
0.29-0.33) for girls (Table 1). This pattern had reversed
by the 19th birthday; cumulative incidence at this
point was 2.33% (95% CI 2.24-2.43) for boys and
3.77% (95% CI 3.64-3.90) for girls.

We tested our null hypothesis that the age-specific
incidence rates for emotional disorders were identical
for boys and girls before puberty, defined as before
the 11th birthday. Our null hypothesis was rejected
due to a significant association between the age-
specific incidence rates and gender for both depressive
disorders (F32-F33, p=0.00144), anxiety disorders
(F40-F42, F93, p<0.00001), and any emotional disorder
(p<0.00001).

Our results show a gender-age interaction with a
male preponderance before the 11th birthday, and a
female preponderance thereafter. This pattern was
found for both depressive disorders and anxiety disor-
ders, supporting the theories of an anxious-affective
spectrum (Hudson ef al. 2003; Middeldorp et al. 2005;
Hettema, 2008; Gardner & Boles, 2011).


https://doi.org/10.1017/S0033291714001901

832 R. Wesselhoeft et al.

(a)
90 4 F32—F33 L 40
80 - 35
70 -
3.0
60 °
S L o
, 25 2
2 . 2
E 50 i K g
8 f o £
‘. N 2.0 o
c / B
3 ; : 2
g 40 %
= i I
/ 15 3
\ o
30
1.0
20
101 - 05
0 - - 0.0
T T T T T T T T T T T T T T T T T
3 4 5 6 7 8 9 10 M 12 1B 14 1B 16 17 18 19
Age (years)
(b)
30 4 F32-F33 11
10
25 0.9
L 058
20
Loz 8
C
g 3
© ke
= roe 2
3 £
15 1 ®
c
g -
—_ ,’ E
j
(&]

3 4 5 6 7 8 9 10 1 12 13 14
Age (years)
Fig. 1. (a) Incidence rate for emotional disorders (ICD-10: F32-F33); (b) zoomed data. Solid and dashed lines show
the age-specific incidence (for boys and girls respectively) with the left-hand vertical axis denoting the incidence
rate per 10000 person-years. The dotted lines show the age-specific cumulative incidence with the right-hand vertical

axis denoting the cumulative incidence in percent (-, males; - - - -, females). Solid vertical lines indicate 95% confidence
intervals.
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Fig. 2. (1) Incidence rate for emotional disorders (ICD-10: F40-F42; F93); (b) zoomed data. Solid and dashed lines show the
age-specific incidence (for boys and girls respectively) with the left-hand vertical axis denoting the incidence rate per 10000

person-years. The dotted lines show the age-specific cumulative incidence with the right-hand vertical axis denoting the
cumulative incidence in percent (-, males; - - - -, females). Solid vertical lines indicate 95% confidence intervals.
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Fig. 3. (a) Incidence rate for emotional disorders (ICD-10: F32-F33; F40-F42; F93); (b) zoomed data. Solid and dashed
lines show the age-specific incidence (for boys and girls respectively) with the left-hand vertical axis denoting the
incidence rate per 10000 person-years. The dotted lines show the age-specific cumulative incidence with the right-hand

vertical axis denoting the cumulative incidence in percent (----, males; - - - -, females). Solid vertical lines indicate 95%
confidence intervals.
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Discussion

Our cohort study of 907806 children and adolescents
linked data from the national registers and comprised
a clinical sub-cohort of 3433 subjects with unipolar
depressive disorder (F32-F33) and 5754 subjects
with anxiety disorder (F40-F42, F93). A total of 8602
subjects acquired any of the emotional disorders, and
2594 of these had a pre-pubertal onset. Our compre-
hensive data show that male gender is associated
with pre-pubertal emotional disorder, while female
gender is associated with post-pubertal emotional
disorder.

This is to our knowledge the first nationwide study,
examining the incidence rate of emotional disorders
before and after puberty in a population-based sample.
The sample includes all Danish children whose parents
were born in Denmark. Furthermore, by describing in-
cidence rather than prevalence rates, our study is better
suited for aetiological assumptions, since prevalence
reflects both the incidence and the duration of a disease
and ignores bias due to migration and death.

Recent (Merikangas et al. 2010; Bufferd et al. 2012;
Sarkar et al. 2012; Vicente et al. 2012) as well as earlier
(Costello et al. 2003; Ford et al. 2003) prevalence studies
of depressive disorder are in favour of our null hypo-
thesis that the two genders show identical age-specific
pre-pubertal rates. The studies represent community
samples from different cultural settings. However,
other community studies are in favour of our findings
of a male pre-pubertal preponderance of depressive
disorder, both within the Nordic countries (Almqvist
et al. 1999; Petersen et al. 2006; Wichstrom et al. 2012)
and outside (Verhulst et al. 1985; Anderson et al.
1987; McGee et al. 1992; Gomez-Beneyto ef al. 1994;
Angold et al. 1998). Additionally, three studies have
shown tendencies towards a male preponderance
(Cohen et al. 1993; Kroes et al. 2001; Steinhausen &
Winkler Metzke, 2003). We only identified one study
using register data of incidence rates, and it supported
our findings with significantly more males (62.4%)
than females (37.6%) acquiring pre-pubertal depressive
disorder (Carballo et al. 2011). We have found few stu-
dies examining the gender distribution of anxiety dis-
order before puberty (Verhulst et al. 1985; Almqvist
et al. 1999; Kroes et al. 2001; Vicente et al. 2012;
Wichstrom et al. 2012), and only one corroborated
our findings (Verhulst et al. 1985).

Compared to our study, existing prevalence and in-
cidence studies are characterized by using smaller
samples, only one study, for example, included more
than 10000 participants (approximately 200 were
designated as subjects with pre-pubertal emotional dis-
orders; Ford et al. 2003). Moreover, the affected sam-
ples in general are markedly smaller, with only one
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study (the register study by Carballo et al. N=528)
(Carballo et al. 2011) including more than 500 subjects
with depressive disorder. None of the studies we iden-
tified included more than 500 subjects with anxiety dis-
orders, and none included nearly as many pre-pubertal
affected subjects as were included in this study
(N=2594).

The discrepancies regarding gender distribution that
emerge from some prevalence studies compared to
our incidence study could reflect the fact that incidence
rates are not biased by a possible association between
gender and disorder duration. So, if female gender is
associated with longer duration of emotional disor-
ders, as has been demonstrated (Essau et al. 2010),
it could produce higher female prevalence rates, even
if males are more often affected. The discrepancies
could also be due to different diagnostic classification
systems, since the prevalence studies that we identified
were all based on the DSM-IV classification.

Another important difference is that our results are
based on a thorough clinical assessment, which in
Denmark is likely to include medical examination, cog-
nitive testing, family interviews and diagnostic assess-
ment. Even though the validity of the registered
clinical diagnoses could be questioned, the data
reported to the Danish Psychiatric Central Research
Register are electronically validated (Mors et al. 2011),
and the validity of depressive disorder diagnoses in
adults is found to be sufficient (Bock et al. 2009). The
coverage is considered to be almost complete (Mors
et al. 2011), although child and adolescent psychiatrists
in private practice and private out-patient units do
not report to the Danish Psychiatric Central Research
Register.

Regardless of their internal validity, the use of clini-
cal in-patient and out-patient diagnoses impairs exter-
nal validity. Hence, our results are not necessarily
representative of a non-clinical depressed sample. A
non-clinical depressed sample could display a different
gender pattern, if male gender is associated with a
more severe depressive pre-pubertal phenotype, lead-
ing to more frequent referral to psychiatric clinics.
This is partly demonstrated by Kroes et al. who showed
that girls aged 6-8 years have more depressive symp-
toms than boys but that, taking into account
parent-rated need for help, boys predominate (Kroes
et al. 2001). Still, if this explains the male predominance
in our study, it confirms an association of male gender
with severe pre-pubertal depression that needs to be
explored further. It is also possible that boys are
more frequently referred to treatment due to a more
externalizing clinical presentation of depressive and
anxiety disorders compared to girls. Our study is,
however, based on ICD-10 diagnoses and omits irrita-
bility as a depressive symptom, and no gender
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differences were found for depressive symptoms in
a Danish clinical sample aged 8-13 years (Sorensen
et al. 2005).

Some studies divide groups into children and ado-
lescents by pubertal status (Copeland et al. 2010).
Unfortunately, this was not possible here due to
the register study design. In our tests of the null-
hypothesis, we defined puberty onset as the 11th birth-
day. This chronological cut-off in both girls and boys
may have affected our results slightly, while boys go
into puberty later than girls. Still, irrespectively of the
cut-off chosen to define puberty, the two genders
show different age-specific incidence rates from birth
to early adulthood. In addition, we defined disorder
onset as the first day of the first contact. However, sub-
jects with a pre-pubertal disorder onset might have
experienced latency in referral and subsequently,
some of them might have been included in the post-
pubertal onset group. This would lead to an underesti-
mation of our results.

Our findings of an increased onset of emotional dis-
order in pre-pubertal boys could reflect an increased
referral of boys to mental healthcare, due to more
externalizing co-morbid disorders. We did not explore
the amount of co-morbid disorders, while the aim of
our study was to present gender- and age-specific inci-
dence rates and cumulative incidence in accordance
with the Danish national registers.

A decreased referral of girls with emotional
disorders to mental healthcare, due to a possible
gender-related difference in referral threshold, could
also influence our results. While a discrepancy in refer-
ral thresholds could explain the male preponderance
before puberty, it would, however, not explain later
the female preponderance. We do not suspect that
hesitancy in referring girls with depression would
change markedly after puberty, unless it was related
to an actual worsening of the symptoms.

If our findings were mainly a result of referral bias
due to increased referral of boys or a higher referral
threshold for girls before puberty, we would not expect
several studies of non-clinical samples to show the
same pattern (Verhulst et al. 1985; Anderson et al.
1987; McGee et al. 1992; Gomez-Beneyto et al. 1994;
Angold et al. 1998; Almqvist et al. 1999; Petersen et al.
2006; Wichstrom et al. 2012). Neither, would we expect
this referral pattern to reverse at puberty. Still, our
findings need to be replicated in large-scale non-
clinical samples and in other cultural settings.

Our results suggest that boys are more vulnerable
to emotional disorders before puberty than girls.
This questions the general assumption that a male
pre-pubertal preponderance only accounts for neuro-
developmental disorders. It is possible that males
have a generalized pre-pubertal vulnerability towards
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a broader spectrum of mental disorders. A pre-
pubertal male vulnerability towards mental disorders
could be explained by a gender-associated genetic
vulnerability. If this is the case, it would probably
be better viewed as a genetic susceptibility that is
highly sensitive to both risk factors and resilience fac-
tors (Belsky et al. 2009). Thus, a male pre-pubertal
susceptibility could indicate a potential for prevention
and intervention, if risk and resilience factors can be
identified.

While it seems as though boys’” vulnerability to de-
veloping emotional disorder is fairly stable over time,
girls appear to be more resilient to emotional disorders
before puberty and markedly more vulnerable after
puberty than boys. If pre-pubertal resilience factors
associated with female gender can be identified, they
would also be obvious targets for prevention and inter-
vention programmes.

Based on our study design, we can only speculate
what the causal mechanisms for gender and emotional
disorders might be. Rutter et al. point both to gender-
specific genetic differences and their biological conse-
quences, and to diverse exposure and vulnerability
towards stressful or protective environments as poss-
ible causal mechanisms (Rutter et al. 2003). Supporting
this, studies imply that the types of life event that
cause distress differ for boys and girls, as does their
sensitivity towards them (Zahn-Waxler et al. 2008;
Oldehinkel & Bouma, 2011; Thapar et al. 2012). This
gender difference in stressors is also found in adults
(Angst et al. 2002). Regardless, of whether the causality
of gender works primarily through genetic or environ-
mental pathways, identification of early gender-specific
risk and resilience factors is important in preventing de-
velopment of emotional disorders. Early prevention is
indicated, not least because pre-pubertal anxiety and
depressive disorders have a poor outcome in later
adulthood, with high rates of attempted suicide, high
utilization of psychiatric treatment and extensive social
impairment (Weissman et al. 1999). Furthermore,
childhood-onset depressive disorder is associated with
higher recurrence, longer episode duration and
increased suicidality compared to adult-onset disorders
(Kovacs, 1996; Korczak & Goldstein, 2009). Similarly,
anxiety disorders display a chronic course, usually oc-
curring in childhood and persisting into adulthood
(Merikangas, 2005).

The gender ratio of emotional disorders before pu-
berty has so far been unclear. We present robust
findings of a gender—age interaction with a male pre-
ponderance before puberty and a female preponder-
ance after. The gender—age interaction is present for
both depressive disorders and anxiety disorders, sup-
porting existing theories of an affective-anxious spec-
trum (Hudson et al. 2003; Middeldorp et al. 2005;
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Weissman et al. 2005; Hettema, 2008; Gardner & Boles,
2011).

We hypothesize that males have a generalized pre-
pubertal vulnerability towards a broader spectrum of
mental disorders, rather than just neurodevelopmental
disorders. This, however, needs to be replicated in
other large-scale studies of clinical and non-clinical
samples. Causal studies exploring this gender—age in-
teraction are needed, and we recommend that more at-
tention is paid to identifying gender-associated risk
and resilience factors in childhood.
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