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Abstract

In the adult population, psychiatric disorders are associated with somatic illness. Explanatory life style factors have been
found, but also a failure to recognize somatic illness in this group. Another factor is side effects from long-term use of antip-
sychotic drugs. Given the psychiatric-somatic comorbidity in the adult population, it is of interest to investigate whether an
association exists already during childhood. The aim of the present study was to investigate the frequency of somatic illness
in children and adolescents with a psychiatric diagnose. Data were obtained from the regional health care database Vega,
Sweden. Psychiatric and somatic diagnoses obtained during 2011-2013 for individuals aged 3—18 years were extracted.
Descriptive statistics were used to examine difference in somatic morbidity between children with and without psychiatric
diagnoses. Logistic regression was used in age-stratified models to test the association between psychiatric and somatic
diagnoses. Anxiety and behavioral disorders were associated with all somatic conditions investigated at nearly all ages. The
same applied to substance use, investigated at age 9-18 years. Affective disorders were associated with all somatic condi-
tions at age 12—18 years. Psychotic conditions were associated with asthma, bowel disorders and myalgia in adolescents.
Children with psychiatric disorders are at remarkably high risk for concurrent somatic illness. The associations span across
many types of conditions and across all ages. The results support the need for awareness of somatic morbidity in child and
adolescent psychiatric clinical settings, and the need for coordinated health care for children with comorbid states.
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Background

Psychiatric disorders, such as depression and schizophrenia,
are associated with increased somatic morbidity and mortal-
Electronic supplementary material The online version of this ity among adults [1]. Previous studies have shown increased
article (https://doi.org/10.1007/s00787-019-01313-9) contains mortality in ischemic heart disease [2] and shorter life span
supplementary material, which is available to authorized users. in adults diagnosed with severe mental illness [3, 4]. Several
possible explanations for these disparities have been sug-
gested. Stigmatization and cognitive difficulties might hinder
the establishment of health care contacts, to follow treat-
Division of Children’s and Women'’s Health, Department ment regimens and screening programs [5]. Organizational
of Clinical and Experimental Medicine, Linkdping structures that complicate cooperation between somatic and
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psychiatric health care as well as lack of knowledge about
psychiatric-somatic comorbidity are other hindering factors
[6]. Among individuals with schizophrenia, risk factors such
as smoking, substance abuse, lack of physical activity and
unhealthy diets are more prevalent [7]. Moreover, prolonged
use of antipsychotic drugs known to be associated with met-
abolic side effects [8], and economic disadvantage result-
ing in non-adherence to medical treatments and health care
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visits, increases the risk for somatic ill-health. Researchers
and authorities have raised concern over somatic symptoms
in this population being unrecognized and call for increased
awareness to promote health care access and treatment.

Given the association between mental and somatic ill-
ness in the adult population, it is of interest to investigate
whether a psychiatric-somatic comorbidity exists already
during childhood and adolescence. The prevalence of severe
mental illness such as psychosis is very low during child-
hood; however, adult individuals diagnosed with psychosis
have often shown psychiatric symptoms or been diagnosed
with other psychiatric disorders during childhood [9]. In
general, mental health problems during childhood are asso-
ciated with mental health problems in adulthood [10], and
previous research have indicated a complex pattern of both
homotypic and heterotypic continuity [11].

The literature on somatic ill-health in children and ado-
lescents with psychiatric diagnoses is comparably sparse.
Large-scale studies investigating associations between a
broad spectrum of psychiatric and somatic clinically diag-
nosed disorders are lacking. However, a few population-
based as well as clinical studies have shown increased
somatic illness in children and adolescents with psychi-
atric disorders.[12—15]. Goodwin et al. found an associa-
tion between mental illness during childhood and chronic
somatic illnesses such as asthma, overweight and epilepsy in
young adulthood [16]. In a recent study, ADHD was found
to be associated with the development of obesity over time
[17]. In a large population-based study, the cost for somatic
health care was found to be almost two times as high for
children with psychiatric diagnoses than in children without
psychiatric diagnoses [18].

With the starting point in somatic disorders, asthma,
atopic diseases and overweight has been associated with
anxiety [19-21]. Similar findings have been noted for
attention deficit hyperactivity disorder (ADHD) [22, 23].
Increased rates of depression have been found in children
with diabetes [24]. Studies on comorbidity between mental
and somatic disorders have almost exclusively focused on
psychiatric symptoms as a result of somatic morbidity.

The aim of the present study was to investigate the fre-
quency of somatic illness in children and adolescents with
psychiatric diagnoses. The hypothesis is that mental illness
during childhood and adolescence is associated with an
increased frequency of somatic illness. The study adds to
the existing literature by (1) investigating a broad range of
somatic morbidity in children with psychiatric diagnoses and
(2) the use of a large population-based sample, stratified by
age from early childhood to late adolescence.
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Methods
Subjects

The study population was based on individuals aged
3-18 years in 2012, who were residents of Vistra Gotaland
in 2012. Data were extracted from the regional health care
database Vega. Vega includes information about all pri-
mary and specialist health care in Region Vistra Gétaland,
Sweden, and both public and private caregivers are obliged
to deliver data. Vega contains information about date of
contact, type of contact, healthcare provider, diagnoses,
operations, health centers and hospitals and age and sex of
the patient. Diagnoses included in Vega are coded accord-
ing to the International Statistical Classification of Dis-
eases and Related Health Problems 10th revision, ICD-10.

All individuals aged 3—18 years in 2012 with a somatic
or psychiatric diagnose registered in 2011-2013 as defined
in Table 1 were extracted from Vega and included in the
study (n=48,289). Based on gender and age, the study
population was then completed with those individuals
aged 3-18 years in region Vistra Gotaland in 2012 with-
out these diagnoses, resulting in a population of 281,476
individuals. The latter information was retrieved from Sta-
tistics Sweden.

Psychiatric diagnoses included were chosen to cover
common childhood psychiatric conditions. Somatic diag-
noses were selected in part based on previous studies [12,
13] and in part exploratory. Somatic illness diagnosed in
2011-2013 was compared between individuals with and
without psychiatric diagnose in 2011-2013. Subjects with
eating disorders (ICD-10 F50) or developmental delays
(ICD-10 F70-F79, F82-F83, F84.2-F84.4, F84.8-F84.9,
F88-F89) were excluded from the study population since
these conditions could be primarily associated with
somatic illness and, therefore, potentially bias the results.
For detailed description on psychiatric and somatic diag-
noses, see Table 1. To simplify for the reader, the term
anxiety is used for neurotic, stress-related and somatoform
disorders, and behavioral disorders is used for behavio-
ral and emotional disorders with onset in childhood and
adolescence. The term psychotic conditions is used for
schizophrenia, schizotypal and delusional disorders.

Data analysis

Descriptive statistics were used to illustrate frequencies of
psychiatric and somatic diagnoses. Chi® was used to inves-
tigate differences in somatic diagnoses between children
diagnosed with psychiatric disorders, and those who were
not. Logistic regression was used to examine the risk for
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Table 1 Classification of ICD-10 code
psychiatric and somatic
diagnoses Psychiatric diagnoses
Mental and behavioral disorders due to psychoactive substance use F10-F19
Schizophrenia, schizotypal and delusional disorders F20-F29
Affective (mood) disorders F30-F39
Neurotic, stress-related and somatoform disorders F40-F48
Behavioral and emotional disorders with onset in childhood and adolescence F90-F98
Somatic diagnoses
Obesity E66
Asthma J45-J46
Diabetes type 1 E10
Irritable bowel syndrome and other functional intestinal disorders K58, K59
Dermatitis and eczema L20-L30
Myalgia M79.1
Migraine G43
Other headache syndromes G44

ICD International Statistical Classification of Diseases and Related Health Problems 10th revision

somatic diagnoses in children with psychiatric diagnoses.
The age-stratified models were controlled for gender, and
the models that were not stratified by age were controlled
for gender and age. Data were divided in five categories
based on age in 2012: 3-5 years, 6-8 years, 9—11 years,
12-14 years and 15-18 years. When analyses resulted in
cases of five or fewer, data were not shown to maintain the
integrity of the study participants. Narrow age categories
were chosen due to the physical and mental development
during childhood. A p value <0.001 (two-sided) was con-
sidered statistically significant in descriptive statistics.
Results from logistic regressions are presented with cor-
responding odds ratios (OR) and 95% confidence intervals
(CI). All analyses were conducted using SPSS version 24
(IBM Corporation, Armonk, NY, USA).

Results
Frequencies

Frequencies of psychiatric diagnose categories and somatic
diagnoses are found in Table 2. Prevalence rates were some-
what lower than previously noted.

Descriptives

In general, large difference in somatic illness was noted
between children with anxiety conditions and those without
(Supplementary material). At age 3—5 years significant dif-
ferences were found for asthma, eczema and bowel symp-
toms. In the three oldest age groups and in the total popu-
lation, significant differences between groups were found

for all somatic conditions investigated. Notable differences
were found in frequencies of obesity, where 4.5% (n=64) of
children aged 12—14 years with anxiety were diagnosed with
obesity compared to 1.6% (n=754) of children the same
age without anxiety (Pearson y* 69.18, p <0.001). Similar
differences were found at age 15-18 years.

For affective disorders, few significant differences
emerged up to age 8 years due to the low prevalence rates
(Supplementary material). In the two oldest groups, adoles-
cents with affective disorders were more likely to be diag-
nosed with all somatic conditions included, with the only
exception of diabetes type 1 in age 12—14 years. Obesity,
bowel syndromes, migraine and headache were more than
four times as common in children with affective disorders
age 15-18 years. For example, 4.9% (n=111) of adolescents
with an affective disorder were diagnosed with headache,
compared to 1.2% (n=_818) of adolescents without an affec-
tive disorder (Pearson y* 239.89, p < 0.001). When no age
stratification was used in analysis, significant differences
were found for all somatic diagnoses included.

From age 6 years and above, and in the total population,
most somatic disorders included were approximately twice
as common in children and adolescents with behavioral dis-
orders as in those without (Supplementary material). 18.8%
(n=186) of the children aged 3-5 years with behavioral dis-
orders were diagnosed with asthma, compared to 6.7% of
children without behavioral disorders (Pearson ;(2 218.03,
p <0.001). Obesity was more than five times more common
in 15-18 year old’s with behavioral disorders (5.5%, n=123)
than in those without (1.0%, n=670) (Pearson y* 39.186,
p<0.001).

Due to the low prevalence of psychotic condi-
tions under the age of 12 years, only adolescents aged
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Table 2 Frequencies of

2k _ Age 3-5 6-8 9-11 12-14 15-18 3-18 (tot)
psychiatric and somatic N=56841 N=53379 N=50311 N=48580 N=72356 N=281476
diagnoses based on age group
during the study period Psychiatric conditions
Anxiety N=89 N=355 N=928 N=1432 N=3560 N=6364
0.2% 0.7% 1.8% 2.9% 4.9% 2.3%
Affective N=8 N=58 N=215 N=654 N=2273 N=3208
0.0% 0.1% 0.4% 1.3% 3.1% 1.1%
Behavior N=990 N=2309 N=2141 N=1950 N=2339 N=9729
1.7% 4.3% 4.3% 4% 3.2% 3.5%
Psychosis X X X N=10 N=066 N=81
0% 0.1% 0%
Substance use X X N=10 N=123 N=831 N=970
0% 0.3% 1.1% 0.3%
Somatic conditions
Obesity N=267 N=627 N=2888 N=818 N=793 N=3393
0.5% 1.2% 1.8% 1.7% 1.1% 1.2%
Asthma N=3953 N=2804 N=2583 N=2577 N=2992 N=14,909
7% 5.3% 5.1% 5.3% 4.1% 5.3%
Diabetes type I ~ N=89 N=144 N=218 N=310 N=530 N=1291
0.2% 0.3% 0.4% 0.6% 0.7% 0.5%
Bowel N=3179 N=2330 N=1832 N=1192 N=1518 N=10,051
5.6% 4.4% 3.6% 2.5% 2.1% 3.6%
Eczema N=4395 N=3397 N=2838 N=2274 N=3398 N=16,302
7.7% 6.4% 5.6% 4.7% 4.7% 5.8%
Myalgia N=257 N=492 N=813 N=1062 N=2063 N=4687
0.5% 0.9% 1.6% 2.2% 2.9% 1.7%
Migraine N=82 N=237 N=360 N=564 N=814 N=2057
0.1% 0.4% 0.7% 1.2% 1.1% 0.7%
Headache N=33 N=143 N=280 N=426 N=929 N=1811
0.1% 0.3% 0.6% 0.9% 1.3% 0.6%
X =5 individuals or fewer
12-18 years were included in the statistical analyses. For  Logistic regression

many diagnoses, cases were fewer than five and results
are thus not reported. 9.2% (n=7) of adolescents with
psychosis were diagnosed with myalgia compared to 2.6%
(n=3118) of study participants without psychosis (Pear-
son y* 13.27, p<0.001). Significant differences were also
found for asthma and bowel symptoms (Supplementary
material).

Since there were no diagnoses of substance use below
the age of 9 years, only children and adolescents aged
9-18 years were included in the statistical analyses. Chil-
dren and adolescents who had a diagnose of substance use
were more prone to be diagnosed with all somatic condi-
tions investigated (Supplementary material). For example,
4.1% (n=40) were diagnosed with headache, compared to
0.9% (n=1595) in the remaining study population (Pear-
son y°, 104.63, p <0.001). Corresponding numbers for
obesity were 2.8% (n=27) in the group diagnosed with
substance use compared to 1.5% (n=2472) in those with
no substance use diagnose (Pearson y* 12.14, p < 0.001).

@ Springer

Results of the logistic regressions are presented in Fig. 1.
Anxiety conditions were associated with all somatic condi-
tions investigated, at nearly all ages. When analyses were
conducted on the total population, age 3—18 years, signifi-
cant associations were found for all somatic conditions.
OR ranged from 1.72 (CI 1.26-2.36) for diabetes type 1 at
age 15-18 years, to 7.67 (CI 2.41-24.41) for obesity at age
3-5 years.

Affective disorders were not associated with somatic
conditions in the youngest children. OR increased with age,
and from age 12 years, the associations were significant for
almost all somatic conditions investigated (Fig. 1). With all
age groups included, significant associations were noted for
all somatic conditions. Extreme numbers were noted for dia-
betes type 1 (OR 95.67, CI 84.06-692.70) in age 3-5 years
due to the low frequencies in this group.

Regarding behavioral disorders, significant associations
were found for all somatic conditions investigated with the
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Note: OR with corresponding CI for somatic diagnoses in children and adolescents with psychiatric diagnoses.

Fig. 1 Odds ratios for somatic disorders in children and adolescents with psychiatric diagnoses

only exception of migraine in 3—5 year olds. In general, the
associations were stronger for obesity where OR ranged
from 3.7 at age 6-8 years, to 5.9 at age 15-18 years. When
all ages were included, significant associations were found
for all somatic diagnoses.

Significant associations were found between psychotic
disorders and obesity, asthma, bowel symptoms and myal-
gia, with OR ranging from 3.2 to 3.9.

For substance use, significant associations were found
for all somatic conditions included in the study. OR varied
between above two for obesity (OR 2.50, CI 1.70-3.68)
to just below four for headache (OR 3.80, CI 2.75-5.24).

Discussion

The aim of the present study was to examine the frequency
of somatic disorders in patients with psychiatric morbidity
during a 3-year span in a large population-based cohort
of 281,000 children and adolescents in western Sweden.
In general, remarkably large and highly significant differ-
ences in prevalence rates of a broad range of somatic dis-
orders and symptoms could be seen as early as preschool
age, and these differences persisted during middle child-
hood and adolescence.

Obesity, which is an important risk factor for cardiovas-
cular disease and premature mortality, was more prevalent in
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children and adolescents with anxiety, affective, and behav-
ioral disorders. Remarkably high OR were noted for obesity,
and the associations were found already at preschool age.
Development of obesity has been noted previously in chil-
dren with ADHD; however, the mechanisms are not known
[17]. Considering the large effect sizes noted in the present
study, and the long-term risk associated with obesity, the
association between childhood psychiatric disorders and
weight gain needs to be addressed in clinical practice.

Immunologic disorders such as asthma and eczema were
approximately two to three times as common in children and
adolescents with psychiatric disorders as in those without.
The strength of the association did not vary with age and
was consistent over the spectrum of psychiatric diagnoses.
Atopic diseases have previously been found to be associated
with anxiety, depression and ADHD [19, 20, 22]. Similarly,
psychotic experience in adolescence has been linked to
parental reports of atopy during childhood; however, effects
were small [25]. Diabetes type 1 was found to be more com-
mon in children with anxiety, affective and behavioral disor-
ders. Associations between diabetes type 1 and psychiatric
symptoms have previously been noted and suggested to be
impacted by poor glycemic control [26]. Longitudinal stud-
ies examining whether the somatic condition preceded the
psychiatric or vice versa, would be of great interest to further
understand this association.

The increased morbidity and mortality in adults with
severe mental illness has been attributed to long-term use
of antipsychotic medication, cognitive disability and asso-
ciated risk behaviors [7]. The clear associations between
mental and somatic ill-health already in early childhood
cannot be attributed to these factors. The present study has
a cross-sectional design and is thereby purely descriptive,
however, longitudinal associations between psychiatric and
somatic illness have been shown to be bidirectional [27]. In
this study, comorbidity was present at all ages, and across
all psychiatric diagnose groups. Thus, the findings call for
further research into comorbidity and raises questions about
possibly shared pathophysiology as well as epigenetic and
immunological pathways. A couple of possible explanations
will be discussed below.

First, children with access to psychiatric care have
repeated contacts with health care personnel, and thereby
more readily access to referrals to somatic units when
needed. Hence, they might be diagnosed with various
somatic conditions sooner or more frequently. Swedish
national guidelines state that children and adolescents who
undergo investigation according to structured protocols
[for example for (ADHD) and major depressive disorder
(MDD)] should also have a basic medical examination usu-
ally including routine laboratory tests, and individuals with
suspected psychosis usually further have computed tomog-
raphy (CT) scan or magnetic resonance imaging (MRI) and
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electroencephalography (EEG) carried out [28]. Accord-
ingly, many Swedish departments of child and adolescent
psychiatry request primary health care medical consultancy
before a referral is accepted. Thus, many of the children
who are diagnosed with psychiatric conditions are medi-
cally examined by a general practitioner or a pediatrician,
and one can argue that the more an individual is examined
the more likely that an illness will be found. However, the
purpose of these examinations is to rule out medical causes
for the symptoms expressed, and not to screen for illness in
general. The detection of contingent somatic illness is still
an expression for psychiatric-somatic comorbidity; however,
one has to keep in mind that there is a possibility of positive
bias in relation to the general child population.

Second, while the association between psychiatric and
symptom-based diagnoses such as headache and myalgia
could be impacted by diagnose making practices, the associ-
ation between psychiatric disorders and metabolic or immu-
nologic somatic disorders such as asthma, eczema, obesity
and diabetes mellitus, raise questions about shared patho-
physiological mechanisms. The role of the immune system
in the development of psychiatric conditions such as depres-
sion has been discussed for decades. Increased inflammatory
biomarkers such as C-reactive protein (CRP), interleukin 6
(IL-6) and tumor necrosis factor (TNF)-a have been found
in patients with MDD [29], and some studies indicate nor-
malization of inflammatory parameters along with treatment
response [30]. Moreover, depressive like behavior has been
experimentally induced in laboratory settings by adminis-
tering inflammatory cytokines in both animals and humans
[31]. Similarly, elevated levels of inflammatory cytokines
have been found in patients with anxiety, schizophrenia and
ADHD [32-34]. However, the studies on the latter diagno-
ses are sparser, and results more inconclusive. Likewise, the
immune system plays a role in the development of several of
the somatic conditions included in the present study. Given
this background, shared immune-mediated pathophysiologi-
cal processes do seem possible.

Third, recent research has focused on investigating the
genetic overlap between somatic and mental disorders
[35]. For example, Tylee and colleagues found significant
genetic correlations between several different psychiatric
and immune-related disorders [36]. However, correlations
were weak or modest in general, and the clinical significance
of these associations remains unknown. While single genetic
polymorphisms are estimated to explain less than 0.1% of
the phenotypic variance [37] genetic factors account for a
considerable part of the etiology of most psychiatric disor-
ders [38]. Moreover, environmental factors have been shown
to directly influence genetic expression through epigenetic
mechanisms, which could impact health and behavior later
in life [39]. Considering the development and availability
of advanced molecular methods, future studies could render
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new insights on comorbidity and the etiology of psychiatric
disorders.

Finally, parental influence is an important factor in child
and adolescent psychiatry, affecting environmental (as well
as genetic) circumstances. Parents having children with
ill-health might be more worried and/or prone to respond
readily to symptoms and seek medical care. Dietary intake,
physical activity levels, exposure to stressful life events and
adherence to medical treatments and regimens are all fac-
tors of importance for health, and likewise under impact
of parental influence during childhood. Moreover, parental
neglect or other adverse childhood experience have been
shown to impact mental as well as somatic health in ado-
lescence [40, 41].

Indisputable, remarkably large differences in somatic
illness between children with and without a psychiatric
diagnose were found in the present study. Regardless of the
direction of the association, or whether shared or separate
etiologic pathways are at play, children and adolescents
with mental illness are at great risk of concurrent somatic
illness. This needs to be taken into account in health care
planning as well as clinical settings to facilitate early detec-
tion and access to adequate treatment. Several areas in need
of improvement for health care of adult psychiatric patients
with somatic comorbidity have been addressed previously
[1]. Integration of psychiatric and somatic health care needs
to be optimized to facilitate service to this vulnerable and
possibly health care-consuming group. Another obstacle is
lack of consensus about treatment and prevention respon-
sibility between health care units. The latter also includes
funding issues. There is reason to believe that these impedi-
ments are just as valid in child and adolescent health care.
Early detection of somatic illness or risk factors for chronic
conditions could contribute to the implementation of inter-
ventions, and further on possible preventive measures
in high risk groups. Thereby the risk for development of
chronic conditions and complications could be reduced.

Limitations

Although this is a large register-based study consisting of
all 281,000 children and adolescents in the region of Véstra
Gotaland, Sweden, with information on health care visits
and diagnoses, there are a few important limitations that
need to be discussed. First, only information on age, gen-
der and diagnose was obtained for the study population.
Socioeconomic factors are known to influence both somatic
and mental health in children [42] and could act as a shared
confounder. The Vega database holds no information on
socioeconomic status. Second, the data collection was lim-
ited to a 3-year span, and no information on mental and/
or somatic illness was obtained before and after the study

period. However, it is plausible that this circumstance would
impact both groups (with and without psychiatric diagnoses)
equally. Third, the cross-sectional design does not allow for
investigation of the direction of the relationship between
psychiatric and somatic conditions. Longitudinal studies
from childhood to adulthood would be of great value to
further evaluate the development of comorbidity between
psychiatric and somatic illness. Fourth, the present study
made use of broad categories of psychiatric diagnoses based
on the ICD 10 system. Another option would have been to
use narrower diagnostic groups, for example neuropsychi-
atric diagnoses, or even separate diagnoses. Moreover, not
all common childhood psychiatric conditions were analyzed
(for example autism spectrum disorders). However, consid-
ering the use of register data and the known comorbidity
between different psychiatric disorders during childhood,
the intention was not to pinpoint associations between spe-
cific psychiatric and somatic disorders, but rather to exam-
ine a broader pattern of association. Additionally, to fur-
ther address the association between mental and somatic
health, use of self-reports (or parental reports) would be of
great interest to catch not only the diagnosed cases, but also
subclinical symptoms. In the present study, frequencies of
somatic disorders were found to be somewhat lower than
previously reported. This might be the result of using narrow
diagnoses and only register data, that is, no clinical informa-
tion. The Vega database covers all public and private health
care in the region, and Vistra Gotaland region is representa-
tive of Sweden, indicating reliable data.

Conclusions

The results of the present study show that children with psy-
chiatric disorders are at remarkably high risk for concur-
rent somatic illness. The associations between psychiatric
and somatic diagnoses span across all types of conditions
investigated in the present study and across all ages. The
direction of the relationship between psychiatric and somatic
illness is not possible to demonstrate using cross-sectional
data, and the investigation of causality was not the aim of
the present study. However, the strength of the associations
found, and the wide range of comorbidity shown, call for
more research into the field. Yet, besides the scientifically
interesting results, the study supports the importance of
coordinated health care for children with psychiatric and
somatic illness. Early detection of somatic illness or risk
factors for chronic conditions could contribute to the imple-
mentation of interventions, and further on possible preven-
tive measures in high-risk groups. Furthermore, increased
knowledge and identification of comorbidity could reduce
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suffering in individual patients and result in a more effec-
tive use of resources in a population with high health care
consumption.
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