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Signe Heuckendorff 1,2, Martin Nygård Johansen3, Charlotte Overgaard4,
Søren Paaske Johnsen2,5, Yvonne Kelly6, Kirsten Fonager 1,5

1 Department of Social Medicine, Aalborg University Hospital, Aalborg, Denmark
2 Department of Clinical Medicine, Danish Center for Clinical Health Services Research (DACS), Aalborg University,

Aalborg, Denmark
3 Unit of Clinical Biostatistics, Aalborg University Hospital, Aalborg, Denmark
4 Public Health and Epidemiology Group, Department of Health Science and Technology, Aalborg University, Aalborg,

Denmark
5 Department of Clinical Medicine, Aalborg University, Aalborg, Denmark
6 Research Department of Epidemiology and Public Health, University College London, London, UK

Correspondence: S. Heuckendorff, Department of Social Medicine, Aalborg University Hospital, Denmark, Tel: þ45 2617 7544,
Fax: þ45 97 66 41 37, e-mail: s.heuckendorff@rn.dk

Background: Parental mental illness affects child health. However, less is known about the impact of different
severities of maternal depression and anxiety as well as other mental health conditions. The objective of this study
was to examine the impact of different severities of maternal and paternal mental health conditions on child
asthma. Methods: This nationwide, register-based cohort study included all children in Denmark born from 2000
to 2014. Exposure was parental mental health conditions categorized in three severities: minor (treated at primary
care settings), moderate (all ICD-10 F-diagnoses given at psychiatric hospital) and severe (diagnoses of severe
mental illness). The children were followed from their third to sixth birthday. Child asthma was identified by
prescribed medication and hospital-based diagnoses. Incidence rate ratios were calculated using negative
binomial regression analyses. Results: The analyses included 925 288 children; 26% of the mothers and 16% of
the fathers were classified with a mental health condition. Exposed children were more likely to have asthma
(10.6–12.0%) compared with unexposed children (8.5–9.0%). The three severities of mental health conditions of
the mother and the father increased the risk of child asthma, most evident for maternal exposure. Additive
interaction between maternal mental health conditions and disadvantaged socioeconomic position was found.
Conclusion: We found an increased risk of asthma in exposed children, highest for maternal exposure. Not only
moderate and severe, but also minor mental health conditions increased the risk of child asthma. The combination
of mental health condition and disadvantaged socioeconomic position for mothers revealed a relative excess risk.
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Introduction

A high number of children grow up in families with parental
mental illness. Studies from the UK,1 Sweden2 and Denmark3

report that one in 5–10 children have a parent with mental illness
and may be at increased risk of health disadvantages, e.g. asthma,
obesity and injuries.4

Asthma is one of the major childhood morbidities affecting 5–10%
of children.5 Poor parental mental health is argued to negatively in-
fluence child health, including asthma.

Previous studies found that chronic (more periods of exposure)
maternal distress (depression or anxiety) before childbirth and dur-
ing the child’s first years of life, rather than a critical period (only
one period of exposure), was associated with increased risk of off-
spring asthma.6 However, the studies examining parental mental
health and child asthma primarily illuminates the risks for offspring
following depression and anxiety among the mothers.4,6,7 The sever-
ity of the mental health condition rather than the diagnosis itself
might impact the risk of child asthma.8 Furthermore, although
fathers are becoming more engaged as caregivers,9 the literature
on fathers mental health and child morbidity is sparse.4

Parental mental health conditions and socioeconomic position
are both described as social determinants of child health and poten-
tial pathways leading to child health inequalities.10 The relationship
between mental health and socioeconomic position is bidirectional:
poor mental health lead to reduced income and employment induc-
ing poverty and in turn increases the risk of poor mental health.11

Furthermore, people in socioeconomic disadvantage suffer dispro-
portionately from poor mental health and the consequence hereof.11

Poor parental mental health may therefore interact with socioeco-
nomic position, potentially yielding an even higher risk of child
morbidity.

Studies argue that disadvantaged socioeconomic position is
related to poor mental health and adjust for socioeconomic fac-
tors.4,12 However, to the best of our knowledge, no prior studies
have examined whether these factors interact to describe a poten-
tial excess risk for children of parents with the combination of
mental health conditions and disadvantaged socioeconomic
position.

We aimed to address the described knowledge gaps by examining
the impact of different severities of mental health conditions of the
mother as well as the father on child asthma. Furthermore, we
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examined whether the impact of mental health conditions interacted
with disadvantaged socioeconomic position.

Methods

Study design and data sources

We conducted a register-based cohort study using nationwide regis-
ters. Data linkages were achieved via the personal identity number,
which is assigned to all Danish residents at birth or upon taking up
residency.13 Register keepers at Statistics Denmark carried out data
collection and register linkage with all data having been anonymized
before the researchers gained access to the data.

The following registers were used:

i. The National Patient Register,14 which contains information
about diagnoses, admissions and outpatient contacts. The diag-
noses were encoded using the International Classification of
Diseases, 10th Revision (ICD-10).

ii. The Danish Health Service Register for Primary Care15 provided
information on contacts to general practitioners (GPs), private
psychiatrists and psychologists.

iii. The Danish National Prescription Registry,16 which contains in-
formation on reimbursed drug prescriptions and uses the
Anatomical Therapeutic Chemical (ATC) Classification System.

iv. The Population Education Registry,17 which contains informa-
tion on parental highest completed education.

v. The Income Statistics Register,18 which contains information on
socioeconomic classification.

vi. The Danish Civil Registration System,13 which contains date of
birth, parental cohabitation status and child gender.

The included Danish registers are in general considered to be of
high quality with complete long-term follow-up.19

Ethical approval is not needed for register-based studies in
Denmark. The project was approved by Statistics Denmark before
gaining access to the data.

Settings, study population and follow-up

The Danish healthcare system is characterized by free access.
Services from general practitioner (GP) and other specialities, such
as psychiatry, practising outside hospitals as well as from public
hospitals are funded by the Danish tax system and free of charge.

All children in Denmark born from 1 January 2000 to 31 December
2014 were identified. Baseline was defined at the time of the child
turning 3 years old. The children were followed until their sixth birth-
day, death, emigration from Denmark or 15 March 2018, whichever
came first. Asthma cases were defined between the age of three and six
because onset of asthma for the majority is at preschool.20 Children
younger than 3 years were not included as lower respiratory tract
infections in the first 3 years of life are common, probably due to
smaller airways, and the children do not have increased risk of
asthma.21 Thus prescriptions of asthma medication before the age of
three are more likely due to lower respiratory tract infections rather
than asthma. The exposure period of parental mental health was 5 years
before baseline; i.e. 2 years prior to birth until the third birthday of the
child. This exposure was chosen as a registered mental health condition
at a given time-point reflects a mental health condition during a
broader time period. A Danish survey found that three-fourth of the
parents reporting a mental illness have had the mental illness for more
than 5 years.3

Children were excluded if they or their parents did not live in
Denmark at baseline, if the parents did not live in Denmark during
the exposure period or if the parental personal identity number was
missing (figure 1).

Parental mental health

Parental mental health was categorized in four mutually exclusive
groups: no mental health condition, minor, moderate and severe.
The Danish Health Service Register for Primary Care provide infor-
mation from the primary health sector where minor mental health
conditions in Denmark are treated by GPs and psychologists.
However, this register does not contain information on diagnoses;
therefore, minor mental health conditions needed to be identified
otherwise. Treatments such as talk therapy and psychometric tests
performed by GPs as well as contacts to psychologists are registered
and were used. Furthermore, prescriptions of antidepressants and
anxiolytics were used.

The criteria for minor mental health conditions were:

i. At least two prescriptions of antidepressant medication (ATC
N06AB, N06AX) and/or

ii. At least two prescriptions of anxiolytics (benzodiazepines: ATC
N03AE, N05BA, N05CD, N05CF) and/or

iii. At least two sessions of talk therapy by general practitioner and/
or

iv. At least two psychometric tests at general practice and/or
v. At least one contact to private psychologist

vi. And no contacts to psychiatrist (neither outside psychiatric hos-
pital nor at psychiatric hospital)

The criteria for moderate mental health conditions were:

i. Mental health conditions treated at psychiatrists outside psychi-
atric hospital (including child and adolescent psychiatrists) and/
or

ii. Any registered psychiatric diagnosis (ICD-10 F00-99) at psychi-
atric hospital except diagnoses included in the severe group

The criteria for severe mental health conditions were an ICD-10
diagnosis of the below-mentioned registered at psychiatric hospital:

i. F20-22: Schizophrenia and/or
ii. F30-31: Bipolar disease and/or

iii. F32-34: Unipolar depression if also having a registered psychi-
atric hospital admission and/or

iv. F60.3: Emotionally unstable personality disorder if also having a
registered psychiatric hospital admission

The reference group were defined as none of the criteria of minor,
moderate or severe mental health conditions fulfilled.

Socioeconomic position

To examine the interaction between mental health and socioeco-
nomic position, a dichotomous variable was created based on the
main source of income or employment at baseline.18 The disadvan-
taged group was defined as having no affiliation to the labour mar-
ket or education (disability pension, cash benefits or similar).

Child asthma

We defined an outcome of asthma as:

i. At least two prescriptions of either inhaled long-acting b2-agonist
(ATC R03AC), fixed-dose combinations of inhaled b2-agonists
and corticosteroids (ATC R03AK), inhaled corticosteroids
(ATC R03BA) or leukotriene-receptor antagonist (ATC R03DC)
and/or

ii. A hospital diagnosis of asthma (ICD-10 J45) or status asthmati-
cus (ICD-10 J46)
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Covariates

Covariates that could potentially confound the association be-
tween parental mental health conditions and child asthma were
identified by reviewing the literature. A directed acyclic graph
(DAG) was constructed to evaluate the identified covariates
(see Supplementary data).22 To account for the changes in use
of mental health services and medications during the study
period, we included calendar year as a covariate. All covariates
were extracted at baseline.

Parental education was based on the International Standard
Classification of Education (ISCED 2011)23 and grouped according
to highest completed education into three categories [12 years or
below (ISCED level 0–2), 12–14 years (ISCED level 3–4) or above
14 years (ISCED level 5–8)].23 Parental cohabitation status was
dichotomized in single or cohabitant. We adjusted for parental
age at the time of birth of the child and calendar year using
restricted cubic splines with three knots.24 Parental asthma was
defined as a history of a hospital diagnosis of asthma (ICD-10
J45-46).

Statistics

Analyses were done separately for the mother and the father.
At baseline, the total number of children and percentages of all

covariates were calculated. For each outcome, number and percen-
tages of children with at least one outcome event during the follow-
up period in each exposure group were calculated. Negative bino-
mial regression was chosen due to overdispersion in the data.
Incidence rate ratios (IRRs) for the rate of the outcome events
were calculated of the event counts comparing the three exposure
groups to the reference group. To account for siblings (with the
same mother and father), the estimates were fitted using generalized

estimating equations with an exchangeable correlation structure.
The adjusted analyses are based on complete case data.

Subgroup analyses within each level of mental health condition
were performed; for minor mental health conditions based on men-
tal health services and prescriptions of medication, for moderate and
severe mental health conditions based on diagnoses.

To examine a potential interaction between mental health condi-
tion and socioeconomic position, the relative excess risk due to
interaction (RERI) was calculated within each stratum of parental
mental health condition to describe the additive interaction between
mental health (none, minor, moderate, severe) and socioeconomic
position (SEP0, SEP1),25 such as:

RERIminor ¼
IRRminor;SEP1 � IRRminor;SEP0 � IRRnone;SEP1 þ IRRnone;SEP0

IRRnone;SEP0

A sensitivity analysis was performed to examine whether chronic
conditions in early childhood, e.g. chromosome anomalies and birth
defects, had an impact on child asthma excluding children with a
diagnosis prior to baseline (full list of diagnoses in Supplementary
data). Furthermore, an analysis with the outcome separate as either
asthma medication or asthma diagnosis was performed.

Results

We identified 1 031 145 children. Due to missing parental informa-
tion or if the child did not live in the country at baseline, 10% of the
children were excluded (figure 1). A total of 925 288 (89.7%) chil-
dren were included in the analyses (table 1); 26% of the mothers and
16% of the fathers were classified with a mental health condition. If
the mother was classified with no mental health condition, 10.7%
were living in disadvantaged circumstances. This was the case for a
higher share, 12.5% if the mother had a minor mental health

Figure 1 Flow chart of the study population
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condition, 30.1% if having a moderate and 46.8% if having a severe
mental health condition. For the father, 4.6%, 11.3%, 30.1% and
50.7% were living in disadvantaged circumstances if they were clas-
sified with no, minor, moderate and severe mental health condition,
respectively.

Overall, children of parents with poor mental health were more
likely to have asthma (figure 2). In the reference groups (children of
parents with no mental health condition), 8.5% and 9.0% of the
children were found with at least one event asthma, whereas this was
the case for 10.7–12.0% in the exposed groups.

Adjusted analyses (figure 2) revealed significant higher IRRs for
asthma in children of parents with a mental health condition com-
pared with children of parents without a mental health condition.
The only exceptions were severe mental health condition of the
father where the estimates were non-significant. Overall, the impact
of mental health condition on child asthma was stronger for moth-
ers than fathers. The association between maternal minor, moderate
and severe mental health condition and child asthma were similar
[minor: IRR: 1.35 (95% CI: 1.34–1.36); moderate: IRR: 1.34 (95%
CI: 1.33–1.36) and severe: IRR: 1.38 (95% CI: 1.34–1.43)].

Table 1 Baseline, percentages of socioeconomic characteristics and parental asthma by group of parental mental health condition

Mother mental health condition Father mental health condition

None Minor Moderate Severe None Minor Moderate Severe

Children, N (%) 688 025 (74.4) 159 702 (17.3) 69 486 (7.5) 8075 (0.9) 775 400 (83.8) 98 650 (10.7) 44 095 (4.8) 7143 (0.8)

Parental age at birth of the child

<25 11.0 12.5 22.8 26.1 5.3 6.4 13.0 13.7

25–32 49.9 46.8 43.9 43.5 38.6 34.3 35.6 34.9

>32 39.0 40.7 33.4 30.3 56.0 59.3 51.4 51.4

Missing 0.1 0.0 0.0 0.1 0.2 0.0 0.0 0.0

SEP

Affiliated to labour

marked/education

88.7 87.5 69.9 53.0 94.9 88.7 69.9 49.2

Disadvantaged: no af-

filiation to labour

marked/education

10.7 12.5 30.1 46.8 4.6 11.3 30.1 50.7

Missing 0.6 0.0 0.0 0.2 0.5 0.0 0.1 0.1

Educational level

Short/ISCED 0–2 14.9 17.6 33.9 42.0 16.1 22.1 38.2 44.7

Medium/ISCED 3–4 36.8 37.7 36.2 34.3 45.4 43.7 38.8 35.1

Long/ISCED 5–8 46.6 43.9 28.6 22.3 36.8 32.4 19.7 15.6

Missing 1.7 0.8 1.3 1.5 1.7 1.7 3.3 4.5

Country of origin

Nordic 84.5 90.4 86.4 86.5 86.3 87.0 77.5 72.2

Western Europe 1.4 1.0 0.8 1.0 1.9 1.6 1.4 1.5

Other 13.3 8.5 12.6 12.2 11.0 11.2 20.8 26.0

Missing 0.8 0.1 0.2 0.3 0.8 0.2 0.3 0.3

Cohabitation status

Single 6.5 13.9 23.2 32.2 6.8 15.5 26.7 37.7

Cohabitant 93.3 86.1 76.7 67.6 92.9 84.4 73.1 62.1

Missing 0.2 0.0 0.1 0.1 0.3 0.1 0.1 0.2

Diagnosis of asthma

Yes 2.8 4.8 6.6 7.6 2.1 3.3 4.7 4.9

Figure 2 Adjusted incidence rate ratios (IRR) for the rate of asthma events based on maternal and paternal mental health condition
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Supplementary eTable S1 shows the IRRs of subgroups parental
mental health conditions on child asthma. Overall, the estimates
were similar (Supplementary data).

The interaction analyses (table 2) for asthma showed additive
interaction between disadvantaged maternal socioeconomic position
and minor [RERI: 0.07 (95% CI: 0.04–0.11)], moderate [RERI: 0.08
(95% CI: 0.05–0.12)] and especially severe mental health condition
[RERI: 0.21 (95% CI: 0.12–0.30)]. The analyses indicated no addi-
tive interaction between disadvantaged socioeconomic position and
mental health condition of the father.

Sensitivity analysis excluding children with prior diagnoses did
not change the estimates noteworthy (Supplementary eTable S2).
Analysis of the outcomes separated by asthma medication and diag-
nosis yielded overall similar results (Supplementary eTable S3).

Discussion

Main findings

We report increased rates of asthma for children whose parents have
poor mental health, and this was evident for both maternal and
paternal exposure. However, only minor association for paternal
exposure was found. Not only moderate and severe, but also minor
mental health conditions were associated with increased rate of child
asthma. An additive interaction of poor maternal mental health and
disadvantaged socioeconomic position was found on child asthma.

Strengths of the study

Data from high-quality nationwide registries with few missing data on
an entire birth cohort provided powerful statistical analyses. We used
strict definitions of exposure and outcome to avoid reverse causation
bias. The Danish registries are considered valid in terms of complete-
ness, registration processes and accuracy.19 The mental health con-
ditions as well as child asthma were based on health professional
assessments unlike several previous studies.26–29 Furthermore, we
were able to obtain exposure information of the fathers unlike pre-
vious studies.6,26,30,31

Limitations of the data

There is a risk of misclassification of minor parental mental health
condition as we cannot access diagnoses, indication of prescribed
medication or talk therapy or the results of the psychometric tests
from The Danish Health Service Register for Primary Care.
Furthermore, we only identified the parents with poor mental health
who sought medical care. Thus, parents with poor mental health
without any mental health condition-related contacts to GP, private
psychologist, prescribed antidepressants or anxiolytic drugs or con-
tacts to psychiatrist or psychiatric hospital were misclassified as
being in the reference group. Moreover, parents with psychiatric
disorder who have no records at psychiatric hospital within 5 years
before baseline were also misclassified as being in the reference
group. Likewise, we were not able to identify children with asthma
without prescriptions or hospital diagnoses. These misclassifications

may underestimate the association between parental mental health
conditions and child asthma.

Since we did not have information on the asthma phenotype, the
interpretation of the associations between parental mental health
conditions and child asthma should be in the light of the complexity
of instrumenting asthma in routine health data.

We did not have information on factors like housing conditions
and parental smoking status, which might impact child asthma.
Especially smoking might be a significant mediator; thus, some of
the association between parental mental health conditions and off-
spring asthma may be due to smoking. However, these factors are
closely related to the covariates included in our analyses.32

Furthermore, the DAG may involve limitations as we did not have
information of the timing of the included covariates.

Interpretation

Our results support previous research linking maternal anxiety and
depression and child asthma,4 severe parental mental illness and
child morbidity including asthma.12 To the best of our knowledge,
this is the first study using a large, nationwide cohort including
information from the primary health sector to examine the associ-
ation between a different severities of parental mental health con-
ditions and the association with child asthma.

The overall effects of the different subgroups within each level of
mental health conditions were similar (Supplementary eTable S1),
and shared mechanisms might explain at least some of the associ-
ation between parental mental health conditions and child asthma
such as physiological components and health behaviours.

Socioeconomic disadvantage as well as poor parental mental
health are often classified as early life stressors,33,34 and might share
several mechanisms when explaining the association with increased
risk of child asthma. Perinatal stress and early life stress seem to
influence respiratory processes and lung function through disruptive
neuroendocrine function and imbalance of the autonomic nervous
system.35 Due to developmental plasticity of the respiratory system,
these exposures might lead to both transient and more long-term
effects.35

Health behaviour is another mechanism explaining some of the
association between both poor parental mental health and socio-
economic disadvantages and child morbidity.10 Poor mental health
may interfere with parents’ capacity to communicate their children’s
need to healthcare professionals and follow general health advice.
Moreover, poor mental health and socioeconomic disadvantages are
associated with increased risk of smoking,36 leading to an increased
risk of child asthma.37 Furthermore, children of parents with poor
mental health may have more contacts to hospitals and GPs,38 and
parents with poor mental health might be more likely to seek help to
minor health problems in their children.

The association between mental health conditions of the father
and child asthma was overall sparse and strongest for minor mental
health condition, which might lead to the interpretation that the
association could be due to residual confounding as also reported by
Brew et al.6

Table 2 Relative excess risk (RERI) on child asthma due to interaction between parental mental health conditions (minor, moderate, severe)
and disadvantaged socioeconomic position

Asthma, RERI (95% CI)

Crude Adjusteda

Mother Father Mother Father

Minor 0.14 (95% CI: 0.10–0.17) –0.05 (95% CI: –0.09 to –0.01) 0.07 (95% CI: 0.04–0.11) –0.06 (95% CI: –0.10 to –0.03)

Moderate 0.13 (95% CI: 0.10–0.17) –0.05 (95% CI: –0.09 to –0.01) 0.08 (95% CI: 0.05–0.12) –0.04 (95% CI; –0.08 to –0.01)

Severe 0.31 (95% CI: 0.21–0.10) 0.06 (95% CI: –0.02 to 0.15) 0.21 (95% CI: 0.12–0.30) 0.13 (95% CI: 0.06–0.21)

a: Adjusted for calendar year, parental age, education, cohabitation, mental health of the other parent and mother and father asthma.
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The only sparse association with paternal exposure and absence of
additive interaction might be explained by the influence of environ-
mental factors such as intrauterine negative effects on the foetus and
maternal lifestyle factors associated with mental health conditions.
Moreover, children of parents with severe mental illness are more
likely to co-habit with their mother than father,39 thus depending
most upon mother’s care.

The Danish welfare state is characterized by free access to universal
healthcare and social benefits. However, we still find, in line with a
Swedish study,2 a markedly larger share of socioeconomic disadvantaged
in children of parents with mental health conditions. Furthermore, we
found an additional increased risk for these children with double ad-
verse exposure, which should call for public health attention.
Interventions focusing on socioeconomic adversity should also consider
the barriers of poor mental health.2 Currently, supporting services are
targeted the parents with poor mental health and not the children.40

These children could however easily be identified through their parents’
contacts with psychiatric service or primary healthcare.40 It is notable
that all severities of maternal mental health conditions, including minor
conditions treated only at primary healthcare, overall yielded similar
effect on child asthma. The findings highlight the importance of a
broader focus of parental mental health and not only severe mental
illness. The mechanisms behind the described associations need to be
explored before targeted interventions can be implemented.

The results are generalizable to Danish setting but may be prob-
lematic outside Denmark as the healthcare-seeking behaviour prob-
ably is related to the structure of the Danish healthcare system.
However, the overall findings of associations between parental men-
tal health and child health has broad applicability.

Conclusions

This nationwide study examined morbidity in children exposed to
parental mental health conditions. We found an increased risk of
asthma in exposed children, highest for maternal exposure. We
showed that not only moderate and severe, but also minor mental
health conditions increased the risk of child asthma. Moreover, an
additional risk in children of mothers with the combination of men-
tal health condition and disadvantaged socioeconomic position was
revealed. Our results highlight a public health concern, and detec-
tion of the children at risk is essential.

Supplementary data

Supplementary data are available at EURPUB online.
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