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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.! Symptoms are secondary to a chronic aberrant
immune response within the airways.? Among inflamma-
tory atopic disorders, asthma is the most strongly and
consistently associated with mental health problems in
general.’> A small number of longitudinal cohort stud-
ies have found patients with asthma as adolescents have
higher risks of developing bipolar disorder®’ and schiz-
ophrenia.* 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.*
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.®
Systemic increases in inflammatory markers such as IL-6
and C-reactive protein (CRP) have been reported in indi-
viduals with asthma®!® and among pregnant women,
serum CRP levels have been reported to predict offspring
wheeze and asthma symptoms.!! 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.!>!?
Investigated insults in humans associated with the devel-
opment of psychotic illness include fetal exposure to
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maternal viruses and protozoa,'*!® autoimmune disor-
ders,'®!7 and neonatal abnormalities in acute phase pro-
teins.’®!” 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.* The
investigators found no association between schizophrenia
and asthma among other first-degree relatives, suggesting
little confounding by shared familial factors.*

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.?’ To explore the poten-
tial for confounding by shared familial factors, we addi-
tionally used a negative exposure control (fathers’ asthma
history)?' and discordant sibling comparison approach.?

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; <Syears, 610 years, and 11-15 years of age.
We identified children born to mothers who required
inpatient admission for asthma before their birth, and
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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,” socioeco-
nomic status (SES) (defined as quintile of family income
at birth, based on the whole population of Sweden),>*2¢
urban or rural residency,”?® whether the mother was
Swedish born, preterm delivery,”3° antenatal infec-
tions,' childhood respiratory infections before the age
of 6 (using codes included in supplementary table 1),
maternal and paternal age,*’* maternal and paternal
asthma admissions before the child was born (for mutu-
ally adjusted models),** and parental history of SMI
(including inpatient diagnoses of bipolar disorder, schiz-
ophrenia, schizoaffective disorder, and other nonaffec-
tive nonorganic psychoses).’> 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.’ The proportional hazards assumption was
checked using Schoenfeld residuals.?’

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.* 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.?? 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.%

Results

Cohort Characteristics

The cohort consisted of 2258098 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
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their birth. During follow-up, 12705 (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 27485 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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paternal age, maternal asthma history, paternal asthma history. PYAR, person years at risk; HR, hazard ratio; CI, confidence interval.
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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.%

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
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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 asthma*')
and cognitive abilities,*** as well as negative genetic cor-
relations between bipolar disorder and cognition,*** 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,** but may not include genes
involved in asthma. Along with the study by Pedersen
et al,* 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.* 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.* 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.*” 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.*

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

Asthma and Future Risk of Serious Mental Illness

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,**° there are studies that find
reduced longer-term psychosis and bipolar disorder risk
in individuals exposed to corticosteroids.®>' 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 spots'® 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.’? 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.*

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.

Acknowledgments

We are grateful to Lena Jorgensen for data extrac-
tion and cleaning. During completion of this study,
JEH. was supported by grant MR/K021362/1 from the
Medical Research Council. C.D. is supported by grant

Page 7 of 9

Downl oaded from https://academ c. oup. coni schi zophreni abul | eti n/ advance-articl e-abstract/doi/10. 1093/ schbul / sby023/ 4925508
by Karolinska Institutet user
on 22 March 2018



Q. Wuetal

523-2010-1052 from the Swedish Research Council. 14. Blomstrém A, Karlsson H, Gardner R, Jorgensen L,
JEH., G.L., and D.PJ.O. are supported by the UCLH Magnusson C, Dalman C. Associations between maternal
NIHR Biomedical Research Centre. The authors declare infection during pregnancy, childhood 1nfept10ns, and the risk
. . . of subsequent psychotic disorder—a Swedish Cohort study of
no conflicts of interest. The funding sources had no nearly 2 million individuals. Schizophr Bull. 2016:42:125-133.
role in the design and conduct of the study; collection, 15. Khandaker GM, Zimbron J, Lewis G, Jones PB. Prenatal
management, analysis, and interpretation of the data; maternal infection, neurodevelopment and adult schizophre-
preparation, review, or approval of the manuscript; nia: a systematic review of population-based studies. Psychol
and decision to submit the manuscript for publication. Med. 2013:43:239-257.
Authors’ Contributions: Q.W. and J.F.H. conceptualized 16. Eﬁ‘ton,w“g Byrne M, EW;_ld H, etl,all-(Asso?giO? l‘if Schizoi
. 1 phrenia and autoimmune diseases: linkage of Danish nationa
the. manuspnpt, w1th input from all authors. All authors registers. Am J Psychiatry. 2006:163:521 528,
assisted with the design of the study and the development 17 E .

. . Eaton WW, Pedersen MG, Nielsen PR, Mortensen PB.
of the analysis plan. Q.W. and J.F.H. analyzed the data Autoimmune diseases, bipolar disorder, and non-affective
and drafted the manuscript. All authors read, drafted, psychosis. Bipolar Disord. 2010;12:638-646.
and revised the whole manuscript. All authors act as 18. Gardner RM, Dalman C, Wicks S, Lee BK, Karlsson H.
guarantors for the manuscript. Neonatal levels of acute phase proteins and later risk of non-

affective psychosis. Trans! Psychiatry. 2013;3:e228.
19. Chudal R, Sourander A, Surcel HM, Sucksdorft D, Hinkka-
References Yli-Saloméki S, Brown AS. Gestational maternal C-reactive
protein and risk of bipolar disorder among young indi-

1. Bousquet J, Jeffery PK, Busse WW, Johnson M, Vignola viduals in a Nationwide Birth Cohort. J Affect Disord.
AM. Asthma: from bronchoconstriction to airways inflam- 2017;208:41-46.
mation and remodeling. Am J Respir Crit Care Med. 20. Marenco S, Weinberger DR. The neurodevelopmental
2000;161:1720-1745. hypothesis of schizophrenia: following a trail of evidence

2. Murdoch JR, Lloyd CM. Chronic inflammation and asthma. from cradle to grave. Dev Psychopathol. 2000;12:501-527.
Mutat Res. 2010;690:24-39. 21. Brew BK, Gong T, Williams DM, Larsson H, Almqvist C.

3. Goodwin RD, Jacobi F, Thefeld W. Mental disorders Using fathers as a negative control exposure to test the
and asthma in the community. Arch Gen Psychiatry. Developmental Origins of Health and Disease Hypothesis:
2003;60:1125-1130. a case study on maternal distress and offspring asthma

4. Pedersen MS, Benros ME, Agerbo E, Berglum AD, using Swedish register data. Scand J Public Health.
Mortensen PB. Schizophrenia in patients with atopic disor- 2017;45:36-40.
ders with particular emphasis on asthma: a Danish popula- 22. Donovan SJ, Susser E. Commentary: advent of sibling
tion-based study. Schizophr Res. 2012;138:58-62. designs. Int J Epidemiol. 2011;40:345-349.

5. Goodwin RD, Bandiera FC, Steinberg D, Ortega AN, 23. Serensen HJ, Larsen JT, Mors O, Nordentoft M, Mortensen
Feldman JM. Asthma and mental health among youth: eti- PB, Petersen L. Analysis of risk factors for schizophrenia with
ology, current knowledge and future directions. Expert Rev two different case definitions: a nationwide register-based
Respir Med. 2012;6:397-406. external validation study. Schizophr Res. 2015;162:74-78.

6. Chen MH, Su TP, Chen YS, et al. Higher risk of develop- 24. Gordon B, Hassid A, Bar-Shai A, et al. Association between
ing major depression and bipolar disorder in later life among asthma and body mass index and socioeconomic status: a
adolescents with asthma: a nationwide prospective study. J cross-sectional study on 849,659 adolescents. Respirology.
Psychiatr Res. 2014;49:25-30. 2016;21:95-101.

7. Lin TC, Lee CT, Lai TJ, et al. Association of asthma and 25. Tsuchiya KJ, Agerbo E, Byrne M, Mortensen PB. Higher
bipolar disorder: a nationwide population-based study in socio-economic status of parents may increase risk for bipo-
Taiwan. J Affect Disord. 2014;168:30-36. lar disorder in the offspring. Psychol Med. 2004;34:787-793.

8. Meakin AS, Saif Z, Jones AR, Aviles PFV, Clifton VL. 26. Agerbo E, Sullivan PF, Vilhjalmsson BJ, et al. Polygenic risk
Review: placental adaptations to the presence of maternal score, parental socioeconomic status, family history of psy-
asthma during pregnancy. Placenta. 2017;54:17-23. chiatric disorders, and the risk for schizophrenia: a Danish

9. Rincon M, Irvin CG. Role of IL-6 in asthma and other inflam- population-based study and meta-analysis. JA M A Psychiatry.
matory pulmonary diseases. Int J Biol Sci. 2012;8:1281-1290. 2015;72:635-641.

10. Shimoda T, Obase Y, Kishikawa R, Iwanaga T. Serum high- 27. Timm S, Frydenberg M, Janson C, et al. The urban-rural
sensitivity C-reactive protein can be an airway inflamma- gradient in asthma: a population-based study in Northern
tion predictor in bronchial asthma. Allergy Asthma Proc. Europe. Int J Environ Res Public Health. 2015;13:93.
2015;36:e23-€28. 28. Mortensen PB, Pedersen CB, Westergaard T, et al. Effects of

11. Lapin B, Ownby D, Turyk M, et al. Relationship between in family history and place and season of birth on the risk of
utero C-reactive protein levels and asthma in at-risk children. schizophrenia. N Engl J Med. 1999;340:603-608.

Ann Allergy Asthma Immunol. 2015;115:282-287. 29. Sonnenschein-van der Voort AM, Arends LR, de Jongste

12. Patterson PH. Immune involvement in schizophrenia and JC, et al. Preterm birth, infant weight gain, and childhood
autism: etiology, pathology and animal models. Behav Brain asthma risk: a meta-analysis of 147,000 European children. J
Res. 2009;204:313-321. Allergy Clin Immunol. 2014;133:1317-1329.

13. Knuesel I, Chicha L, Britschgi M, et al. Maternal immune 30. Nosarti C, Reichenberg A, Murray RM, et al. Preterm

activation and abnormal brain development across CNS dis-
orders. Nat Rev Neurol. 2014;10:643-660.

Page 8 of 9

birth and psychiatric disorders in young adult life. Arch Gen
Psychiatry. 2012;69:610-617.

Downl oaded from https://academ c. oup. coni schi zophreni abul | eti n/ advance-articl e-abstract/doi/10. 1093/ schbul / sby023/ 4925508
by Karolinska Institutet user
on 22 March 2018



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Laerum BN, Svanes C, Wentzel-Larsen T, et al. Young mater-
nal age at delivery is associated with asthma in adult off-
spring. Respir Med. 2007;101:1431-1438.

Menezes PR, Lewis G, Rasmussen F, et al. Paternal and
maternal ages at conception and risk of bipolar affective dis-
order in their offspring. Psychol Med. 2010;40:477-485.

Chudal R, Gissler M, Sucksdorff D, et al. Parental age and
the risk of bipolar disorders. Bipolar Disord. 2014;16:624-632.

Lim RH, Kobzik L, Dahl M. Risk for asthma in offspring of
asthmatic mothers versus fathers: a meta-analysis. PLoS One.
2010;5:e10134.

Rasic D, Hajek T, Alda M, Uher R. Risk of mental illness
in offspring of parents with schizophrenia, bipolar disorder,
and major depressive disorder: a meta-analysis of family
high-risk studies. Schizophr Bull. 2014;40:28-38.

Williams RL. A note on robust variance estimation for clus-
ter-correlated data. Biometrics. 2000;56:645-646.

Schoenfeld D. Partial residuals for the proportional hazards
regression model. Biometrika. 1982;69:239-241.

StataCorp. Stata Statistical Software: Release 14. 2015.
College Station, TX: StataCorp LP.

Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative con-
trols: a tool for detecting confounding and bias in observa-
tional studies. Epidemiology. 2010;21:383-388.

Niwa M, Jaaro-Peled H, Tankou S, et al. Adolescent stress-
induced epigenetic control of dopaminergic neurons via glu-
cocorticoids. Science. 2013;339:335-339.

Wain LV, Shrine N, Miller S, et al.; UK Brain Expression
Consortium (UKBEC); OxGSK Consortium. Novel insights
into the genetics of smoking behaviour, lung function, and
chronic obstructive pulmonary disease (UK BiLEVE): a gen-
etic association study in UK Biobank. Lancet Respir Med.
2015;3:769-781.

Hagenaars SP, Harris SE, Davies G, et al.; METASTROKE
Consortium, International Consortium for Blood Pressure
GWAS; SpiroMeta Consortium; CHARGE Consortium
Pulmonary Group, CHARGE Consortium Aging and

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

Asthma and Future Risk of Serious Mental Illness

Longevity Group. Shared genetic aetiology between cogni-
tive functions and physical and mental health in UK Biobank
(N=112151) and 24 GWAS consortia. Mol Psychiatry.
2016;21:1624-1632.

Xu C, Zhang D, Tian X, et al. Genetic and environmental
basis in phenotype correlation between physical function
and cognition in aging Chinese twins. Twin Res Hum Genet.
2017;20:60-65.

Georgiades A, Rijsdijk F, Kane F, et al. New insights into the
endophenotypic status of cognition in bipolar disorder: gen-
etic modelling study of twins and siblings. Br J Psychiatry.
2016;208:539-547.

Ludvigsson JF, Andersson E, Ekbom A, et al. External
review and validation of the Swedish national inpatient regis-
ter. BMC Public Health. 2011;11:450.

Wennergren G, Kristjansson S, Strannegard IL. Decrease
in hospitalization for treatment of childhood asthma with
increased use of antiinflammatory treatment, despite an
increase in prevalence of asthma. J Allergy Clin Immunol.
1996;97:742-748.

Geddes JR, Kendell RE. Schizophrenic subjects with no his-
tory of admission to hospital. Psychol Med. 1995;25:859-868.

Dong Y, Peng CY. Principled missing data methods for
researchers. Springerplus. 2013;2:222.

Bolanos SH, Khan DA, Hanczyc M, Bauer MS, Dhanani
N, Brown ES. Assessment of mood states in patients receiv-
ing long-term corticosteroid therapy and in controls with
patient-rated and clinician-rated scales. Ann Allergy Asthma
Immunol. 2004;92:500-505.

Sirois F. Steroid psychosis: a review. Gen Hosp Psychiatry.
2003;25:27-33.

Laan W, Smeets H, de Wit NJ, Kahn RS, Grobbee DE,
Burger H. Glucocorticosteroids associated with a decreased
risk of psychosis. J Clin Psychopharmacol. 2009;29:288-290.
Frisell T, Oberg S, Kuja-Halkola R, Sjolander A. Sibling
comparison designs: bias from non-shared confounders and
measurement error. Epidemiology. 2012;23:713-720.

Page 9 of 9

Downl oaded from https://academ c. oup. coni schi zophreni abul | eti n/ advance-articl e-abstract/doi/10. 1093/ schbul / sby023/ 4925508
by Karolinska Institutet user

on 22 March 2018



