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IMPORTANCE The developmental origins of mental illness are incompletely understood.
Although the development of autism and schizophrenia are linked to infections during fetal
life, it is unknown whether more common psychiatric conditions such as depression might
begin in utero.

OBJECTIVE To estimate the risk of psychopathologic conditions imparted from fetal exposure
to any maternal infection while hospitalized during pregnancy.

DESIGN, SETTING, AND PARTICIPANTS A total of 1791520 Swedish children born between
January 1, 1973, and December 31, 2014, were observed for up to 41 years using linked
population-based registries. Children were excluded if they were born too late to contribute
person-time, died before being at risk for the outcome, or were missing particular model
data. Infection and psychiatric diagnoses were derived using codes from hospitalizations.
Directed acyclic graphs were developed from a systematic literature review to determine Cox
proportional hazards regression models for risk of psychopathologic conditions in the
children. Results were evaluated using probabilistic and simple bias analyses. Statistical
analysis was conducted from February 10 to October 17, 2018.

EXPOSURES Hospitalization during pregnancy with any maternal infection, severe maternal
infection, and urinary tract infection.

MAIN OUTCOMES AND MEASURES Inpatient diagnosis of autism, depression, bipolar disorder,
or psychosis among offspring.

RESULTS A total of 1791520 Swedish-born children (48.6% females and 51.4% males) were
observed from birth up to age 41 years, with a total of 32 125 813 person-years. Within the
directed acyclic graph framework of assumptions, fetal exposure to any maternal infection
increased the risk of an inpatient diagnosis in the child of autism (hazard ratio [HR], 1.79;
95% Cl, 1.34-2.40) or depression (HR, 1.24; 95% Cl, 1.08-1.42). Effect estimates for autism
and depression were similar following a severe maternal infection (autism: HR, 1.81; 95% Cl,
118-2.78; depression: HR, 1.24; 95% Cl, 0.88-1.73) or urinary tract infection (autism: HR, 1.89;
95% Cl, 1.23-2.90; depression: HR, 1.30; 95% Cl, 1.04-1.61) and were robust to moderate
unknown confounding. Within the directed acyclic graph framework of assumptions, the
relationship between infection and depression was vulnerable to bias from loss to follow-up,
but separate data from the Swedish Death Registry demonstrated increased risk of suicide
among individuals exposed to pregnancy infection. No evidence was found for increased risk
of bipolar disorder or psychosis among children exposed to infection in utero.

CONCLUSIONS AND RELEVANCE These findings suggest that fetal exposure to a maternal Author Affiliations: Author

infection while hospitalized increased the risk for autism and depression, but not bipolar affiliations are listed at the end of this
or psychosis, during the child’s life. These results emphasize the importance of avoiding article.
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to development of autism and depression.
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Neuropsychiatric Disease After Exposure to Infection In Utero

large body of evidence indicates that particular infec-

tions in pregnancy lead to fetal brain injury, neurode-

velopmental abnormalities, and an elevated lifelong
risk for certain psychiatric disorders in the children."* Early
epidemiologic evidence for an association between infection
in pregnancy and psychopathologic conditions was evident in
Scandinavian studies on the risk of schizophrenia after expo-
sure to influenza in utero® and subsequent studies have dem-
onstrated similar associations with other viral (measles, rubella,
varicella-zoster, polio, and herpes), bacterial, and parasitic
infections during pregnancy.>” Other studies found associa-
tions between maternal infection and development of bipo-
lar disorder and autism.®'° Although compelling, these stud-
ies have focused mainly on linking specific infections with a
particular psychopathologic condition, with few exceptions,™
rather than determining a generalized effect of infection and
inflammation during pregnancy on a broad spectrum of psy-
chopathologic conditions.

Whether maternal infection and inflammation can alter fe-
tal neurodevelopment to a degree that imparts risk for a broad
spectrum of psychopathologic conditions across the child’s life-
time is unknown. Several mechanisms of neuronal injury have
been postulated to occur in the developing brain as a result of
inflammation and glial production due to activation of mast
cells, microglia, and astrocytes.”?* Maternal and fetal inflam-
matory responses to infection may alter fetal neurodevelop-
ment, as suggested in some children with autism, who dis-
play a chronic state of inflammation in the periphery as well
asin the brain.'®-2426 Furthermore, changes in placental sero-
tonin production due to maternal inflammation have been sug-
gested tolead to aberrant neurodevelopment.?” Finally, the idea
that some psychiatric disorders have a common mechanism
of pathogenesis is supported by recent evidence implicating
shared molecular pathways of transcriptional dysregulation
and a common polygenic origin for autism, schizophrenia, and
bipolar disorder.?8-2°

We hypothesized that fetal exposure to maternal infec-
tion or associated inflammation increases the future risk for
the child of a broad scope of psychopathologic conditions such
as autism spectrum disorder, bipolar disorder, depression, and
psychosis, including schizophrenia. We further hypoth-
esized that the magnitude of risk for psychopathologic con-
ditions in the child differs by the type and severity of the ma-
ternal infection.

Methods

Study Design

We obtained data on all births between January 1, 1973, and
December 31, 2014, in the Swedish population-based birth reg-
istry, which was linked to hospital inpatient, demographic, edu-
cation, and death registries by each person’s unique identifi-
cation number.3° Raw data included some births in 1972 and
2015 that were excluded. Statistics Sweden deidentified the
data to maintain confidentiality; therefore, informed consent
was not required. Ethical approval was obtained to link birth
and registry data from the regional ethical review board of the
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Key Points

Question Does exposure to maternal infection during pregnancy
increase the long-term risk for major psychiatric disorders in the
child?

Findings In this Swedish population-based cohort study of
children born between 1973 and 2014, exposure to infection in
pregnancy significantly increased the risk for autism spectrum
disorder and depression.

Meaning Maternal infection during pregnancy may be responsible
for some portion of autism and depression in childhood and
adulthood among the exposed offspring.

University of Gothenburg (Gothenburg, Sweden; 437-15) and
reciprocally at Seattle Children’s Hospital (Seattle, Washing-
ton; STUDYO0000634).

Exposure

Fetal exposure to maternal infection was defined using the
Swedish International Classification of Diseases, Eighth Revi-
sion (ICD-8), International Classification of Diseases, Ninth
Revision (ICD-9), and International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision
(ICD-10) hospitalization codes. Three prespecified exposure
categories were used in pregnant women hospitalized with a
diagnosis of (1) any maternal infection (eTable 1in the Supple-
ment); (2) severe infections, which included sepsis, meningi-
tis or encephalitis, pneumonia, influenza, pyelonephritis,
or chorioamnionitis (eTable 2 in the Supplement); and/or (3)
urinary tract infection (eTable 2 in the Supplement). We used
both primary and secondary infection diagnosis codes that oc-
curred during any hospitalization during pregnancy except the
admission for delivery, because we could not determine that
infection preceded the birth for this admission. There was one
exception to this rule: we used a chorioamnionitis diagnosis
from the delivery admission because chorioamnionitis could
have only occurred before delivery.

Primary Outcomes

Primary study outcomes were autism, bipolar disorder,
depression, and psychosis (including schizophrenia), which
were defined by Swedish ICD-8, ICD-9, and ICD-10 codes dur-
ing an inpatient hospitalization (eTable 3 in the Supplement).

Inclusion and Exclusion Criteria

We included all children born in Sweden from January 1,
1973, to December 31, 2014, for our models with depression,
bipolar disorder, and psychosis (Figure 1). In the autism
model, we included all children born in Sweden from Janu-
ary 1, 1987, to December 31, 2014, because 1987 coincided
with the introduction of autism as a new diagnosis and
implementation of ICD-9 coding. As diagnoses of psycho-
pathologic conditions are unusual prior to certain ages, chil-
dren were considered at risk for autism only after age 2
years, depression only after age 6 years, and psychosis and
bipolar disorder only after age 10 years.
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Figure 1. Inclusions and Exclusions by Psychopathologic
Condition Outcome

Swedish Birth Registry (1972-2015)
4301789 Records

23643 Excluded because of missing
infant or mother identification

4278146 Records randomly divided

2140134 Included in
preliminary analysis

2138012 Included
in main analysis

684807 Excluded because not born
during cohort years
682499 Autism model
2308 Depression model
2308 Bipolar disorder model
2308 Psychosis model

Born during cohort years
1455513 Autism model
2135704 Depression model
2135704 Bipolar disorder model
2135704 Psychosis model

Died before end of study
5790 Autism model (2 y)
—>| 12036 Depression model (6 y)
123826 Bipolar disorder model (10 y)
12826 Psychosis model (10 y)

Survived to
1449723 Autism model (2 y)
2123668 Depression model (6 y)
2122878 Bipolar disorder model (10 y)
2122878 Psychosis model (10 y)

Born too late to contribute person-time
111605 Autism model

> 332002 Depression model

537179 Bipolar disorder model

537188 Psychosis model

Contributed person-time after
1338118 Autism model (2 y)
1791666 Depression model (6 y)
1585699 Bipolar disorder model (10 y)
1585690 Psychosis model (10 y)

Missing analysis values
183 Autism model
—>] 146 Depression model
146 Bipolar disorder model
146 Psychosis model

Main analysis
1337935 Autism model
1791520 Depression model
1585553 Bipolar disorder model
1585544 Psychosis model

This diagram shows cohort numbers used to analyze fetal exposure to infection
and each type of psychopathologic condition, which varied owing to differing
inclusion and exclusion criteria.

Statistical Analysis
Statistical analysis was conducted from February 10 to Octo-
ber 17, 2018. All tests were 2-sided. We reviewed 12 264 ab-
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stracts and articles to develop a series of directed acyclic graphs
(DAGs) to characterize the relationships among maternal in-
fection during pregnancy, diagnosis of psychopathologic con-
ditions in the child, and other important variables. These mod-
els were based on the best available evidence and subject area
expertise when evidence was not available. We reviewed and
approved the final DAG models (eAppendix and eFigures 1-12
in the Supplement).

On the basis of these DAGs, we used established analytic
rules with the Dagitty web application®' and the R package
(RFoundation for Statistical Computing) to determine whether
a given variable should be considered as a confounder, col-
lider, or neither a confounder nor collider. These tools were
also used to establish the minimally sufficient adjustment sets
of variables for regression to estimate the total effects of ex-
posure to infection during fetal life on subsequent develop-
ment of psychopathologic conditions in childhood and
adulthood.?? If there was disagreement about a variable’s sta-
tus, we performed the analysis with and without the variable
to determine how the effect estimate changed (eg, maternal
mental health; eTable 4 in the Supplement). Statistically
equivalent DAG models were also evaluated for alternate frame-
works.

According to best practice and consistent with study power,
we split the data in half; one half was used for preliminary
power analyses to determine whether there was sufficient
power to examine infections by trimester as well as to exam-
ine asymptomatic bacteriuria and vaginal tract infections as
separate categories. The second half of the data was used for
8 prespecified analyses with Bonferroni correction (typeI er-
ror rate of 0.05 adjusted after correction to 0.0063). In the first
4 analyses, we investigated the relationship between any ma-
ternal infection and bipolar disorder, psychosis (including
schizophrenia), autism, or depression. The final 4 analyses
studied the effect of a severe maternal infection with the di-
agnosis of autism and depression or the effect of a maternal
urinary tract infection (UTI) on the diagnosis of autism or de-
pression. Based on the DAG models, we used Cox propor-
tional hazards regression to generate hazard ratios (HRs). We
ensured that the proportional hazards assumption was met
using individual and global x? tests and examination of Schoen-
feld residual plots. In most models, delivery year and mater-
nal tobacco use violated the proportional hazards assump-
tion; therefore, we estimated HRs with maternal tobacco use
and 10-year birth epoch as strata. We also adjusted for mater-
nal age, maternal asthma, maternal diabetes, and premature
rupture of membranes. Other variables examined are shown
in eFigures 1to 12 in the Supplement. To account for noninde-
pendence of siblings, we used robust sandwich variance esti-
mators. Unadjusted cumulative hazards were also plotted for
each exposure and outcome.

Bias Analyses

We used the following 2 methods of bias analysis to interro-
gate our results: probabilistic bias analysis to assess for an un-
known confounder and simple bias analysis to assess for out-
come misclassification (differential loss to follow-up) and
exposure misclassification (inaccurate infection coding).>?
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. |
Results

Study Population and Cumulative Hazard Curves

We analyzed linked Swedish pregnancy and birth records for
4 278146 neonates, as well as subsequent hospitalization rec-
ords for the children up to 41 years after birth. We used half
the data for preliminary power analyses and the second half
(2138 012 records) for the main analysis (Figure 1). Study popu-
lation characteristics are reported in Table 1.3*

To evaluate the risk of psychopathologic conditions in the
child after fetal exposure to any maternal infection during hos-
pitalization, unadjusted cumulative hazard curves were gen-
erated by infection status for each outcome (Figure 2). The risk
for hospital admission with psychosis and bipolar disorder ap-
peared to be similar between children exposed and not ex-
posed in utero to any maternal infection during hospitaliza-
tion (Figure 2A and B). However, compared with children not
exposed in utero to maternal infection during hospitaliza-
tion, the cumulative hazard for hospital admission with au-
tism was significantly greater by age 7 years and the cumula-
tive hazard for hospital admission with depression was
significantly greater by age 21 years (Figure 2C and D). The num-
ber of outcomes, person-years, and unadjusted rate ratios for
any maternal infection and risk for a neuropsychiatric disor-
der are presented in eTables 5 to 8 in the Supplement.

To determine if the type of maternal infection changed the
risk of autism or depression, we modeled the risk of the psycho-
pathologic condition imparted by a composite of severe mater-
nal infections (sepsis, pneumonia, pyelonephritis, meningitis or
encephalitis, influenza, and chorioamnionitis) vs UTI, which may
represent amore limited infection. In unadjusted cumulative haz-
ard curves, children or adults exposed to severe maternal infec-
tions during fetal life had similar magnitudes of increased risk
for autism and depression compared with children exposed to
amaternal UTI (Figure 3). The number of outcomes, person-years,
and unadjusted rate ratios for severe maternal infections or UTI
and risk for a neuropsychiatric disorder are presented in eTables 9
to 12 in the Supplement.

Cox Proportional Hazards Regression Cumulative

Directed acyclic graph models informed a minimally suffi-
cient adjustment set for estimating the effect of infections
during pregnancy with future risk of psychopathologic con-
ditions in the child, which included 10-year epoch of deliv-
ery and specific maternal exposure variables (age, tobacco
use, asthma, diabetes, and premature rupture of mem-
branes). In Cox proportional hazards regression models,
there was a 79% increased risk of an autism diagnosis
(HR, 1.79; 95% CI, 1.34-2.40) and a 24% increased risk of a
depression diagnosis (HR, 1.24; 95% CI, 1.08-1.42) among
children and adults exposed to any maternal infection dur-
ing pregnancy (Table 2 and eFigures 7-13 in the Supplement).
There was no apparent increased risk of bipolar disorder
(HR, 0.99; 95% CI, 0.71-1.38) or diagnoses of psychosis,
including schizophrenia (HR, 1.14; 95% CI, 0.83-1.57), in
childhood or adulthood after fetal exposure to maternal
infection (eFigures 1-6 in the Supplement). Additional analy-
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Table 1. Maternal, Delivery, and Infant Characteristics by Infection Status

Value®
No Infection Any Infection

Characteristic (n=2108156) (n=29856)
Maternal characteristics

Age, mean (SD), y 28.7 (5.3) 27.6 (5.6)

Tobacco use® 324493 (15.4) 5671 (19.0)

Asthma 4844 (0.2) 158 (0.5)

Seizures 3592 (0.2) 106 (0.4)

Hypertension 53314 (2.5) 1007 (3.4)

Diabetes 6358 (0.3) 291 (1.0)

Mental health diagnosis 15820 (0.75) 596 (2.0)
Delivery characteristics

Gestational age, mean (SD), wk 39.4(1.9) 39(2.4)

Prolonged labor 27456 (1.3) 493 (1.7)

Preterm premature rupture 3216 (0.2) 138 (0.5)

of membranes

Antepartum hemorrhage 35748 (1.7) 1045 (3.5)
Infant characteristics

Birth weight, mean (SD), g 3508 (579) 3415 (643)

Female sex 1024770 (48.6) 14474 (48.5)

Small for gestational age© 66785 (3.2) 1201 (4.0)

Large for gestational age© 67774 (3.2) 1057 (3.5)

Bronchopulmonary dysplasia 5666 (0.3) 171 (0.6)

or respiratory distress syndrome

Intraventricular hemorrhage 5666 (0.3) 171 (0.6)

Hyperbilirubinemia 69750 (3.3) 1495 (5.0)

Fetal alcohol syndrome 6679 (0.3) 195 (0.7)
Outcomes

Bipolar disorder 4402 (0.2) 71(0.2)

Psychosis, including schizophrenia 4307 (0.2) 75(0.3)

Autism 5003 (0.2) 133 (0.5)

Depression 20749 (1.0) 409 (1.4)

2 Data are presented as number (percentage) of patients unless otherwise
indicated.

b Tobacco status is not known for women who gave birth before 1982.

€ Numbers to indicate neonates who were either large or small for gestational
age were estimated using the method of Marsal et al.3*

ses with maternal mental health as a confounder did not
yield significantly different effect estimates (eTable 4 in the
Supplement). When we analyzed the risk for psychopatho-
logic conditions by type of infection, we found similar mag-
nitudes of increased risk for autism and depression regard-
less of whether the exposure was a severe maternal infection
or UTI (Table 2). For example, the HR for hospital admission
with an autism diagnosis in childhood or adulthood after
exposure to infection during fetal life was 1.81 (95% CI, 1.18-
2.78) for a maternal severe infection and 1.89 (95% CI, 1.23-
2.90) for a maternal UTI.

Bias Analyses

We used 2 methods of bias analysis to evaluate result sensi-
tivities to introduction of an unknown confounder and
loss to follow-up bias. First, we used probabilistic bias analy-
sis to introduce a hypothetical moderate confounder to
determine the sensitivity of the results (eFigure 14 in the
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Figure 2. Lifetime Risk for Psychopathologic Conditions in the Child After Fetal Exposure to Maternal Infection
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A, Unadjusted cumulative hazard curves demonstrate the risk for bipolar
disorder among individuals exposed and not exposed to infection in utero.

B, Risk for psychosis, including schizophrenia, among individuals exposed and
not exposed to infection in utero. C, Risk for autism spectrum disorder among

individuals exposed and not exposed to infection in utero. D, Risk for major
depressive disorder among individuals exposed and not exposed to infection in
utero. E, Risk for death by suicide among individuals exposed and not exposed
to infection in utero. Shading around the lines indicates the 95% Cl.

)23 Second, we used simple bias analysis®® to determine the

effect of misclassification of outcome bias from loss to follow-
up, which would occur when a child received a diagnosis of a

Supplement).?*> However, measures of effect remained sig-
nificant and only slightly decreased for all statistically sig-
nificant results for the development of autism or depression.
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Figure 3. Lifetime Risk for Autism or Depression in the Child After Fetal Exposure to Maternal Infection by Type of Infectious Exposure
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A, Unadjusted cumulative hazard curves demonstrate the risk for autism
spectrum disorder across the child’s lifetime by fetal exposure to severe
maternal infection (sepsis, meningitis or encephalitis, pneumonia, influenza,
pyelonephritis, or chorioamnionitis). B, Risk for major depressive disorder
across the child’s lifetime by fetal exposure to severe maternal infection.

C, Risk for autism spectrum disorder across the child’s lifetime by fetal exposure
to maternal urinary tract infection (UTI). D, Risk for major depressive disorder
across the child’s lifetime by fetal exposure to maternal UTI. Shading around the
lines indicates the 95% Cl.

psychopathologic condition (ie, autism) but was never admit-
ted to the hospital during the study period. Inpatient admis-
sion was required in our study to capture diagnoses of psy-
chopathologic conditions through the Swedish Inpatient Health
Registry. Our findings suggest that a population prevalence of
autism spectrum disorder between 2% and 3% would be re-
quired to negate these results based on a misclassification of
outcome bias (eTable 13 in the Supplement). Although esti-
mates of the prevalence of autism have increased over time,
with the highest estimates of prevalence in Stockholm pub-
lished in 2012 at 2.5%,>* prior studies in Sweden encompass-
ing most of the study period estimated the prevalence of au-
tism between 0.2% and 1%.3¢

For the outcome of depression, when we assumed a
population prevalence of only 5%, there was no increased
risk of depression among children and adults who were
exposed to any maternal infection or UTI during fetal life
(eTable 14 in the Supplement). Estimates of depression in

jamapsychiatry.com

Sweden are higher than 5%, suggesting that this analysis is
vulnerable to a misclassification of outcome bias from loss
to follow-up.®” To interrogate these results with external
data, we used the Swedish National Death Registry to exam-
ine cumulative hazard curves for suicide among individuals
who were exposed during fetal life to a maternal infection
during hospitalization. As the National Death Registry is
inclusive of the entire Swedish population, it is not vulner-
able to bias from loss to follow-up like the inpatient registry.
The cumulative hazard for death by suicide among adults
exposed to infection during fetal life was significantly
greater compared with unexposed individuals starting at age
21 years, which mirrored the results from the inpatient regis-
try for depression (Figure 2E). Although the Cox propor-
tional hazards regression models for depression using inpa-
tient data were vulnerable to a misclassification of outcome
bias, descriptive suicide data supported the results and were
not subject to the same bias.
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Table 2. Hazard Ratios for Development of Psychopathology
by Infection Type in Pregnancy®

Psychopathologic
Condition

Adjusted Hazard Ratio

Infection Type (95% CI)®

Any maternal infection Autism 1.79 (1.34-2.40)
Depression 1.24(1.08-1.42)
Psychosis 1.14 (0.83-1.57)

Bipolar disorder® 0.99(0.71-1.38)

Severe maternal Autism 1.81(1.18-2.78)
el Depression 1.24 (0.88-1.73)
Maternal urinary tract Autism 1.89 (1.23-2.90)
L7352 Depression 1.30(1.04-1.61)

2 All models included maternal age, maternal asthma, maternal diabetes,
premature rupture of membranes, maternal tobacco status, and robust
sandwich variance estimators for lack of independence among sibling births.
For all models, stratification was used for 10-year epoch of birth and maternal
tobacco status to avoid violating the proportional hazard assumption.

®Bonferroni correction was used to adjust 95% Cls for 8 prespecified
comparisons shown in the table.

¢ Stratification was used for premature rupture of membranes and maternal age
because of proportional hazards assumption violations.

Finally, we did a series of analyses to examine whether our
results were sensitive to a misclassification of exposure bias,
which may occur when maternal infection is misdiagnosed or
miscoded during pregnancy. We found that the risk ratios cor-
rected for misdiagnosis or miscoding were larger than the origi-
nal effect estimates for maternal infection on autism and de-
pression, severe maternal infection (autism only), or maternal
UTI (eTables 15-19 in the Supplement). This finding suggests
that our results are robust to possible bias from misclassifica-
tion of exposure.

|
Discussion

The effect of infection during pregnancy on the fetal brain and
risk for subsequent development of neuropsychiatric disor-
ders is understudied. In the Swedish population, we found
compelling evidence that fetal exposure to infection (or in-
flammation) when the mother was hospitalized increased the
risk for the child of hospital admission with autism during
childhood and adulthood. These effects were observed irre-
spective of whether the exposure was a maternal severe in-
fection (sepsis, influenza, pneumonia, meningitis or encepha-
litis, chorioamnionitis, and pyelonephritis) or UTI during
pregnancy. Bias analyses revealed that autism results were ro-
bust to adjustment for a moderate unknown confounder, but
that the depression results were vulnerable to bias from our
inability to capture diagnoses among those who were never
admitted to the hospital after birth (loss to follow-up). How-
ever, separate descriptive data from the National Death Reg-
istry, which was not subject to loss to follow-up, supported the
depression results by demonstrating an increased risk of sui-
cide among adults who were exposed to infection during fe-
tal life. We did not find convincing evidence that maternal in-
fection during gestation increased the lifetime risk of bipolar
disorder or psychosis, including schizophrenia. Overall, our
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findings provide evidence for a fetal origin of some portion of
autism and depression across a spectrum of maternal infec-
tions in pregnancy.

The earliest evidence for a fetal origin of psychiatric dis-
ease came from correlations of birth season with the inci-
dence of schizophrenia and later through associations with ma-
ternal influenza infection.? Subsequent studies have yielded
mixed results*®->° and recent evidence suggests that the rela-
tionship with inflammatory exposures in pregnancy may be
complicated by genetic susceptibility for both schizophrenia
and autism.?:49-42 Unlike prior epidemiologic studies, our work
used a literature-based variable framework (DAG models) and
descriptive cumulative hazard curves to demonstrate that ma-
ternal infection during pregnancy increased the risk not only
for autism but also possibly for depression. A few studies
have investigated the lifetime risk of depression for the child
after exposure to particular infections, but they have yielded
mixed results.**>4* Although vulnerable to possible loss to
follow-up bias, our study provides suggestive evidence for a
fetal origin for depression, with separate support using sui-
cide data from the Swedish National Death Registry. Al-
though little is known about the scientific basis to link
aberrant fetal neurodevelopment with subsequent risk for de-
pression, infection and inflammation in the pregnant mouse
lead to alterations in placental serotonin production and dys-
genesis of serotonergic neurons in the fetal brain.?” These new
findings suggest an important possible biological basis for a fe-
tal origin for depression and suicide.

Our results of increased risk of autism after fetal expo-
sure to infection are consistent with other epidemiologic and
animal studies, which suggest that inflammation during ges-
tation alters brain architecture or transcriptional programs.&1
Similar to results from another study from Sweden, we found
no evidence that maternal infection increased the lifetime risk
of psychosis or bipolar disorder.*> However, the descriptive cu-
mulative hazard curve for admission with psychosis suggests
that infection may increase the risk earlier, but not later, in the
child’s lifetime. Our results cannot exclude the possibility of
increased risk for psychopathologic conditions as a result of
a dual “hit”: an inflammatory fetal brain injury on a back-
ground of genetic susceptibility.

Although we expected that fetal exposure to severe infec-
tion would increase the risk for psychopathologic conditions
compared with limited infections such as UTIs, we did not find
adifference in these models. The effect of UTIs on uterine and
placental inflammation during pregnancy is unknown but may
be sufficient to alter neuropsychiatric risk for the fetus. A few
studies of UTIs in pregnancy have found increased risk of fe-
tal morbidity and developmental delay.*® Although it is pos-
sible that the diagnosis of a UTI in hospitalized women may
have reflected a more severe infection (eg, pyelonephritis), our
findings suggest that further study is warranted to quantify the
inflammatory effects of a UTI in pregnancy on the fetus.

Strengths and Limitations

A clear strength of the study was the conservative nature of
our analysis and use of mechanistic DAG models to specify a
priori the complicated relationships among maternal, pater-

jamapsychiatry.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 03/02/2020


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2019.0029&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2019.0029
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2019.0029

Neuropsychiatric Disease After Exposure to Infection In Utero

nal, perinatal, and psychiatric outcome variables. We also
interrogated the sensitivity of our results to potential biases.
Directed acyclic graph modeling is limited by the degree
to which variables are included and relationships appropri-
ately specified. Although the DAGs did not indicate that
adjustment for socioeconomic status was required, further
analysis adjusting for occupation, educational level, or
income would have enriched the study; however, income
variables were incomplete in our data set. As our study
was restricted to pregnancies in Swedish women, it is
possible that findings may not be generalizable to other
populations. Finally, we acknowledge that data on maternal
infection and psychiatric outcomes from birth and health
registries were derived only from inpatient hospitalizations.
Our results may not translate to infections diagnosed in
the outpatient setting. Bias analyses and suicide data
from the death registry suggest that our results are some-
what robust to the probable underestimate of psychia-

Original Investigation Research

tric disorders in our study, which occurred when partici-
pants were not admitted to the hospital after birth (lost to
follow-up).

. |
Conclusions

Overall, we found evidence that exposure to maternal infec-
tion during fetal life increased the risk of autism and possibly
of depression in the child within our DAG model assump-
tions. Although the individual risk appears to be small, the
population effects are potentially large. Our findings amplify
the urgency to better understand the role of maternal infec-
tion during pregnancy on fetal brain development and sug-
gest that prevention of infection (eg, influenza vaccination) or
anti-inflammatory therapies*”*® may be important strate-
gies for the primary prevention of some portion of autism and
depression.
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