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Background: Mounting evidence implicates early life and 
prenatal immune disturbances in the etiology of severe 
mental illnesses. Asthma is a common illness associated 
with chronic aberrant immune responses. We aimed to 
determine if asthma in childhood and parents is associ-
ated with bipolar and schizophrenia spectrum disorders. 
Methods: A cohort study including all children born in 
Sweden 1973–1995 (N > 2 million) assessing associations 
between childhood hospitalization for asthma, parental 
asthma during and pre-pregnancy, and subsequent bipolar 
and schizophrenia spectrum disorders. Results: Children 
with hospitalizations for asthma between 11 and 15 years 
had increased rates of bipolar (adjusted hazard ratio 
[aHR] = 1.73, 95% confidence interval [CI] = 1.21–2.47) 
and schizophrenia spectrum disorders (aHR = 1.62, 95% 
CI = 1.08–2.42). However, there was no association with 
asthma before aged 11. These results were supported by 
an analysis of siblings discordant for asthma. We found an 
association between both maternal and paternal asthma 
and bipolar disorder (aHR = 1.60, 95% CI = 1.27–2.02, 
and aHR = 1.44, 95% CI = 1.08–1.93, respectively), but 
not between parental asthma and schizophrenia spectrum 
disorders. Conclusions: As far as we are aware, this is the 
first study to find increased risk of bipolar disorder in child-
ren of individuals with asthma. Asthma admissions before 
aged 11 do not appear to be linked to bipolar or schizophre-
nia spectrum disorders. Taken together, our results do not 
suggest a straightforward link between asthma and severe 
mental illness via neurodevelopmental effects of inflamma-
tion, but potentially there is shared genetic vulnerability. 
This finding has implications for understanding the differ-
ential pathogenic mechanisms of bipolar and schizophrenia 
spectrum disorders.

Keywords:   inflammation/etiology/epidemiology/risk 
factor/asthma/schizophrenia

Introduction

Asthma is a common illness, with considerable medical 
and psychosocial morbidity and a substantial economic 
burden, characterized by episodes of breathlessness and 
wheeze.1 Symptoms are secondary to a chronic aberrant 
immune response within the airways.2 Among inflamma-
tory atopic disorders, asthma is the most strongly and 
consistently associated with mental health problems in 
general.3–5 A small number of longitudinal cohort stud-
ies have found patients with asthma as adolescents have 
higher risks of developing bipolar disorder6,7 and schiz-
ophrenia.4 A study of the Danish population found that 
schizophrenia rates were also elevated in children with a 
first hospital contact for asthma in the under 5 age group 
and those aged 5–10 years after accounting for age, sex, 
calendar year, urbanicity, and psychotic family history.4 
The existing studies of bipolar disorder are minimally 
adjusted for confounding factors, have limited follow-up 
beyond the peak age of bipolar disorder diagnosis and 
have not investigated the potential relationship between 
early childhood asthma and bipolar disorder.

Acute asthma during pregnancy is a serious compli-
cation associated with increased morbidity in offspring.8 
Systemic increases in inflammatory markers such as IL-6 
and C-reactive protein (CRP) have been reported in indi-
viduals with asthma9,10 and among pregnant women, 
serum CRP levels have been reported to predict offspring 
wheeze and asthma symptoms.11 Studies of maternal 
inflammatory states, with a range of underlying causes, 
suggest an association between immune response and 
mental illness, and there is evolving experimental evi-
dence that the maternal and early childhood immune sys-
tem abnormalities play a role in neurodevelopment.12,13 
Investigated insults in humans associated with the devel-
opment of psychotic illness include fetal exposure to 

Downloaded from https://academic.oup.com/schizophreniabulletin/advance-article-abstract/doi/10.1093/schbul/sby023/4925508
by Karolinska Institutet user
on 22 March 2018

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by UCL Discovery

https://core.ac.uk/display/154748409?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:joseph.hayes@ucl.ac.uk?subject=


Page 2 of 9

Q. Wu et al

maternal viruses and protozoa,14,15 autoimmune disor-
ders,16,17 and neonatal abnormalities in acute phase pro-
teins.18,19 The potential association between maternal 
asthma and mental illness has not been widely investi-
gated. As far as we are aware, only one previous longitu-
dinal study has investigated whether schizophrenia rates 
were increased in the offspring of mothers with asthma, 
and found a weak association, which was not sustained 
after adjustment for parental psychiatric history.4 The 
investigators found no association between schizophrenia 
and asthma among other first-degree relatives, suggesting 
little confounding by shared familial factors.4

We conducted a longitudinal cohort study starting dur-
ing fetal life, to assess the temporal association between 
asthma and severe mental illness (SMI). We studied 
associations between childhood asthma and maternal 
asthma before and during pregnancy, and bipolar disor-
der and schizophrenia spectrum disorders. We also aimed 
to address the limitations of previous bipolar disorder 
studies by examining potential risk periods for asthma 
in childhood. We stratified children by age of first hos-
pitalization for asthma, to determine if  any associations 
are age-dependent. We hypothesized that asthma during 
pregnancy or early life would convey the greatest risk of 
bipolar and schizophrenia spectrum disorder, in keeping 
with neurodevelopmental theories.20 To explore the poten-
tial for confounding by shared familial factors, we addi-
tionally used a negative exposure control (fathers’ asthma 
history)21 and discordant sibling comparison approach.22

Methods

Study Population

Data were collected from national registers of Sweden 
from 1 January 1973 until 31 December 2011. For the pur-
pose of this study the Total Population Register, Medical 
Birth Register, Multi-Generation Register, Migration 
Register, the Longitudinal Integration Database for 
Health Insurance and Labor market studies, Cause of 
Death Register and National Patient Registers were 
linked (inpatient records began in 1964 and outpatient in 
2001, with full population coverage by 1973 and 2006, 
respectively). These registers contain sociodemographic 
and medical information on each resident of Sweden, 
and parents can be linked to children via a unique iden-
tifier. We included all children born in Sweden from 1973 
to 1995, and their parents in the cohort. Ethical approval 
for the study was obtained via the Regional Ethics 
Committee at Karolinska Institutet, Stockholm.

Asthma

Childhood asthma was grouped by age of first inpatient 
admission; ≤5years, 6–10 years, and 11–15 years of age. 
We identified children born to mothers who required 
inpatient admission for asthma before their birth, and 

during pregnancy and those who stated they had a pre-
vious diagnosis of asthma at their antenatal screen-
ing (recorded in the Medical Birth Register). Paternal 
asthma admissions before offspring birth were also iden-
tified. Diagnoses were made by the attending physician 
according to the Swedish version of the International 
Classification of Diseases (ICD) revisions 8 (1969–1986), 
9 (1987–1996), or 10 (1997–present). Full ICD codes for 
asthma are given in supplementary table 1.

Bipolar Disorder and Schizophrenia Spectrum Disorders

Diagnoses were based on ICD-8, ICD-9, and ICD-10 
codes consistent with bipolar disorder and schizophrenia 
spectrum disroders (schizophrenia, or other nonaffec-
tive nonorganic psychoses) (full codes in supplementary 
table 1) recorded in inpatient or outpatient records. If  an 
individual received more than one of these codes we used 
the last one in their record (when the treating physician 
would have had the most information about the longitu-
dinal course of the disorder). We group all bipolar dis-
order diagnoses together and all schizophrenia spectrum 
disorders together. Individuals with a diagnosis of bipo-
lar disorder or schizophrenia spectrum disorder, before 
age of 15 were excluded from analysis.

Other Covariates

Potential confounders were identified a priori based on 
previous literature that suggested associations with both 
asthma and bipolar disorder or schizophrenia spectrum 
disorder risk. We included sex, birth order,23 socioeco-
nomic status (SES) (defined as quintile of family income 
at birth, based on the whole population of Sweden),24–26 
urban or rural residency,27,28 whether the mother was 
Swedish born, preterm delivery,29,30 antenatal infec-
tions,14 childhood respiratory infections before the age 
of 6 (using codes included in supplementary table  1), 
maternal and paternal age,31–33 maternal and paternal 
asthma admissions before the child was born (for mutu-
ally adjusted models),34 and parental history of SMI 
(including inpatient diagnoses of bipolar disorder, schiz-
ophrenia, schizoaffective disorder, and other nonaffec-
tive nonorganic psychoses).35 Age and calendar year were 
included as time-varying covariates. Maternal smoking 
data were available from the Medical Birth Register for 
children born from 1982 onwards.

Statistical Analyses

Cox proportional hazard regression models were used 
to investigate the relative hazards of receiving a diagno-
sis bipolar disorder or schizophrenia spectrum disorder, 
during follow-up, from the age of 15. Participants were 
followed-up until the earliest of: first bipolar disorder or 
schizophrenia spectrum diagnosis, emigration, death, or 
end of follow-up (December 31, 2011). After running an 
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unadjusted univariable Cox regression model for each 
exposure, we constructed a number of multivariable 
models. Firstly, we adjusted for sex, and time-varying age 
and calendar year (Model 1). For the childhood asthma 
exposure, we additionally adjusted for SES, urban born, 
mother Swedish born, premature birth, birth order, 
maternal hospitalization due to infection during preg-
nancy, hospitalization due to respiratory infection before 
aged 5, parental SMI, maternal age, paternal age, mater-
nal asthma history, and paternal asthma history (Model 
2). For the parental asthma exposure, our fully adjusted 
model accounted for age, sex, calendar year, SES, urban 
born, mother Swedish born, birth order, mother’s hos-
pitalization due to infection during pregnancy, paren-
tal SMI, maternal age, paternal age, and other parent’s 
asthma status before birth (Model 3). In each case, we 
applied a cluster sandwich estimator to obtain a robust 
variance estimate that is adjusted for within-family cor-
relation.36 The proportional hazards assumption was 
checked using Schoenfeld residuals.37

To check the validity of our results, we performed a 
number of pre-specified supplementary analyses. To 
account for the potential effect of bipolar or schizophre-
nia spectrum prodromal symptoms on asthma admis-
sion we excluded individuals developing these disorders 
before their 17th birthday. We examined the relationship 
between paternal asthma before the child was born and 
the risk of offspring bipolar disorder or schizophrenia 
spectrum disorder. We hypothesized that if  there was 
a causal association between maternal asthma and off-
spring bipolar or schizophrenia spectrum disorder that 
acted through maternal and fetal immune system activa-
tion or other specific materno-fetal pathways, there would 
not be a similar association for paternal asthma and this 
would act as a negative exposure control.38 We also com-
pleted a discordant sibling analysis where we identified 
full siblings discordant for asthma before the age of 15 
in each family, and assessed their rates of bipolar disor-
der and schizophrenia spectrum disorder. This method 
was developed as a way of controlling for shared genetic 
factors and familial environment.22 In this discordant sib-
lings cohort, our fully adjusted stratified Cox model only 
included covariates that could vary between siblings. We 
repeated our fully adjusted models in a restricted cohort 
(1982 onwards) including maternal smoking status as 
an additional confounder. Data processing and analyses 
were performed using Stata 14.39

Results

Cohort Characteristics

The cohort consisted of 2 258 098 individuals born in 
Sweden between 1973 and 1995. Of these, 40 187 (1.78%) 
children were admitted with asthma before their 15th 
birthday and 9892 (0.44%) children were born to moth-
ers who were admitted with asthma admissions before 

their birth. During follow-up, 12 705 (0.56%) individuals 
were diagnosed with bipolar disorder and 9940 (0.44%) 
individuals were diagnosed with schizophrenia spectrum 
disorders (3325 of these were schizophrenia diagnoses). 
Table 1 shows baseline characteristics of this cohort.

Childhood Asthma

In the unadjusted analysis, children with an admission 
for asthma before their 6th birthday, and those with a fist 
admission between 11 and 15  years old, had increased 
rates of  both bipolar disorder and nonaffective psycho-
sis (table  2). Following adjustment for important con-
founders (Model 2), there was no longer an association 
between asthma ≤5 and bipolar disorder or psychosis. 
However, there remained an association between first 
asthma admission aged 11–15 and both bipolar disor-
der (HR = 1.73, 95% CI = 1.21–2.47) and schizophre-
nia spectrum disorder (HR = 1.62, 95% CI = 1.08–2.42). 
Excluding individuals who developed bipolar disor-
der or schizophrenia spectrum disorder before aged 17 
did not alter our findings for the 11–15 asthma group 
(HR = 1.53, 95% CI = 1.05–2.23 and HR = 1.50, 95% 
CI = 1.03–2.30, respectively). We identified 27 485 child-
ren with asthma before 15 years old who had at least one 
sibling without asthma. A similar association was sug-
gested by this discordant sibling’s analysis: siblings with 
asthma aged 11–15 had increased rates of  schizophre-
nia spectrum disorders (HR = 2.87, 95% CI = 1.05–7.79) 
and the point estimate for bipolar disorder was elevated, 
but with wider confidence intervals that included one 
(supplementary table  2). Limiting the cohort to those 
born after 1982, and additionally adjusting for smok-
ing status at first antenatal visit, had minimal effect on 
the point estimates for the association between asthma 
and bipolar disorder, but confidence intervals included 
one. There was no evidence of  an association between 
childhood asthma and schizophrenia spectrum disorder 
after additionally accounting for smoking (supplemen-
tary table 3).

Parental Asthma

Children of mothers with a history of hospitalization for 
asthma before their birth had increased rates of bipolar 
disorder (HR = 2.22, 95% CI = 1.76–2.80) (table 3). This 
association was maintained in the fully adjusted model 
(Model 3) (HR = 1.60, 95% CI = 1.27–2.02). There was 
also an association between maternal asthma admissions 
during pregnancy and bipolar disorder (fully adjusted 
HR = 1.73, 95% CI = 1.07–2.80) and between any report 
of asthma in the mother’s antenatal record and bipolar 
disorder (fully adjusted HR = 1.57, 95% CI = 1.32–1.88). 
Similarly, paternal pre-birth asthma admissions were 
associated with bipolar disorder in the offspring (fully 
adjusted HR = 1.44, 95% CI = 1.08–1.93).
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In the unadjusted analysis, there was an association 
between maternal hospitalization for asthma and schiz-
ophrenia spectrum disorder (HR = 1.48, 95% CI = 1.08–
2.02) and any maternal antenatal record of asthma and 
psychosis (HR  =  1.52, 95% CI  =  1.18–1.96). However, 
this association was attenuated after adjustment. There 
was no association between paternal asthma and schizo-
phrenia spectrum disorder.

Limiting the cohort to children born after 1982 and 
additionally adjusting for maternal smoking did not dra-
matically alter the results for bipolar disorder or schizo-
phrenia spectrum disorder (supplementary table 3).

Discussion

To our knowledge, this is the first study to demonstrate 
an association between maternal asthma and offspring 
bipolar disorder. This association persists despite adjust-
ing for a wide range of demographic and medical con-
founding factors. Additionally, we found an association 
between paternal asthma and bipolar disorder. We found 
less evidence for an association between maternal asthma 
pre-birth and schizophrenia spectrum disorder, and no 
evidence for an association with paternal asthma. This 
study also supports the previous finding that adolescent 
(11–15  years old) asthma is associated with both bipo-
lar disorder and schizophrenia spectrum disorder. We 
found no association between early childhood asthma 
and bipolar disorder or schizophrenia spectrum disorder 
after accounting for important confounders. Taken as a 
whole, our results do not support the hypothesis that fetal 
and early childhood exposure to asthma are associated 
with developing SMI through inflammatory impacts on 
neurodevelopment or via other materno-fetal pathways. 
However, there may potentially be shared genetic archi-
tecture for asthma and SMI.

The riskiest period for childhood asthma appears to 
be adolescence. This finding is consistent across previous 
literature and our discordant sibling analysis. Although 
sibling analyses attempts to reduce unmeasured genetic 
or environmental confounding it does not rule it out and 
alternative, noncausal explanations remain. For example, 
the stress of physical illness and admission to hospital 
may result in increased SMI.40

The association between maternal asthma and bipolar 
disorder was consistent across a number of definitions of 
the exposure (ever hospitalized before birth, hospitalized 
during pregnancy and any self-report of asthma in the 
antenatal notes—which would include mothers with less 
severe asthma). However, the association between pater-
nal asthma and bipolar disorder was unexpected and sug-
gests that the increase in rates of bipolar disorder in the 
offspring of mothers with asthma is not materno-fetal 
in origin. Instead, this association may be genetic, epi-
genetic or result from unmeasured environmental fac-
tors. To the best of our knowledge, no study to date has T
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investigated the shared heritability between asthma and 
bipolar disorder. Negative genetic correlations between 
forced expiratory volume (a polygenetic trait in the gen-
eral population that is reduced in patients with asthma41) 
and cognitive abilities,42,43 as well as negative genetic cor-
relations between bipolar disorder and cognition,42,44 sug-
gest that there may exist a shared genetic basis for asthma 
and bipolar disorder. It is also unclear if  the association 
is specific to bipolar disorder. An even stronger negative 
genetic correlation has been reported between cognitive 
abilities and schizophrenia,42 but may not include genes 
involved in asthma. Along with the study by Pedersen 
et al,4 our current observations indicate that shared genes 
may not fully explain the association between asthma 
during early adolescence and the later development of 
schizophrenia spectrum disorders.

We used national registers to study the entire popula-
tion of Sweden, and the systematic routine collection of 
this data avoids recall bias. Given the size of the cohort, 
it is unlikely that we failed to find an association between 
admissions for early childhood asthma and bipolar dis-
order and schizophrenia spectrum disorder because of 
lack of power. However, we could have been underpow-
ered for the parental exposure groups and supplementary 
analyses.

We studied severe asthma necessitating inpatient 
admission, and considering the heterogeneity of both the 
asthma phenotype and underlying inflammatory cell type 
and signaling abnormalities, our findings might not be 
generalizable to the entire spectrum of asthma patients. 
However, with regards to maternal asthma and bipolar 
disorder, we found a similar hazard ratio when we used 
a less severe definition of asthma (a history of asthma 
at antenatal checks). Asthma admission has been shown 
to have a positive predictive value of 93% in Swedish 
registers.45 In our study, approximately 2% of the cohort 
had an admission for asthma before the age of 15. Over 
the same period the prevalence of asthma increased in 
Sweden to 6%, but the proportion of “severe asthma” 
remained constant at 20% of cases.46 Previous studies have 
shown hospitalization in schizophrenia accurately reflects 
its true population prevalence, with 90% of those with 
the diagnosis being admitted at some point during their 
illness.47 Although less evidence is available on how accu-
rately service-use in bipolar disorder and psychosis not 
diagnosed as schizophrenia reflects its true population 
prevalence, we surveyed both inpatient and outpatient 
records to maximize capture of this outcome. Missing 
data were not a threat to validity in analyses using the full 
cohort as only 1.3% were missing at least one data point. 
In the cohort born after 1982, 8.6% were missing mater-
nal smoking information, but missingness was not asso-
ciated with either SMI outcome. In both cases, analysis 
following listwise deletion should therefore be unbiased.48

We adjusted for a number of important confounders; 
however, there may be potential unmeasured and residual 

confounding in our fully adjusted models. For example, 
while we have attempted to adjust for it in this study, 
there is a strong association between childhood asthma 
and early childhood respiratory infections; this may have 
led to some exposure misclassification and residual con-
founding. Also, we were unable to account for cortico-
steroid use as this information was not available from 
Swedish population registers for the period of interest. 
Corticosteroid use could potentially be on the pathway 
between asthma and bipolar or schizophrenia spectrum 
disorders. We would hypothesize that all individuals hos-
pitalized because of asthma would be exposed to corti-
costeroids of some kind. There is conflicting evidence 
about the effects of steroids in SMI. Although some 
studies suggest they acutely increase the risk of manic 
symptoms and psychosis,49,50 there are studies that find 
reduced longer-term psychosis and bipolar disorder risk 
in individuals exposed to corticosteroids.6,51 As such, we 
would only expect to see an association between corti-
costeroid use and psychosis if  the medication use con-
tinued throughout the risk period for developing bipolar 
disorder or schizophrenia spectrum disorders. Beyond 
the asthma diagnosis, records of serum levels of inflam-
matory cytokines prenatally, during pregnancy, and from 
the neonate at delivery, could clarify our findings. Some 
of this data is potentially available from Swedish stored 
maternal sera or newborn blood spots18 but was not avail-
able for this study. Despite the advantages of our sibling 
analysis in terms of controlling for shared environmental 
and genetic confounders, there is potential for bias in this 
analysis from nonshared confounders and measurement 
error.52 In addition, sibling analyses will be less represen-
tative than analyses of the general population because 
inclusion requires participants to have one or more sib-
ling and be discordant.52

This study strengthens the evidence that severe asthma 
during adolescence increases the risk of SMI. It sug-
gests that there is a stronger association between parental 
asthma and bipolar disorder compared to schizophrenia 
spectrum disorders. This requires further investigation, 
but if  replicated has implications for our understanding 
of the differential mechanisms which are at play in the 
etiology of different SMI. Shared genetic factors poten-
tially link asthma and SMI.

Supplementary Material

Supplementary data are available at Schizophrenia 
Bulletin online.
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