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Abstract
Purpose of Review We review here recent original research and meta-analytic evidence on the associations of maternal hyper-
tensive pregnancy disorders and mental and behavioral disorders in the offspring.
Recent Findings Seven meta-analyses and 11 of 16 original research studies published since 2015 showed significant associa-
tions between maternal hypertensive pregnancy disorders and offspring mental and behavioral disorders. Evidence was most
consistent in meta-analyses and high-quality cohort studies. The associations, independent of familial confounding, were ob-
served on different mental and behavioral disorders in childhood and schizophrenia in adulthood. Preterm birth and small-for-
gestational age birth emerged as possible moderators and mediators of the associations. Cross-sectional and case-control studies
yielded inconsistent findings, but had lower methodological quality.
Summary Accumulating evidence from methodologically sound studies shows that maternal hypertensive pregnancy disorders
are associated with an increased risk of mental and behavioral disorders in the offspring in childhood. More studies on adult
mental disorders are needed.

Keywords Preeclampsia . Hypertension .Mental disorders . Prenatal . Etiology . Psychopathology

Introduction

Hypertensive pregnancy disorders, including chronic hyper-
tension, gestational hypertension, preeclampsia, and eclamp-
sia complicate up to 5–8% of all pregnancies [1]. Meta-
analytic evidence shows that hypertensive pregnancy disor-
ders predict an increased risk of cardiovascular disease and
premature mortality in the mother [2–4] and of preterm birth
[5, 6], small for gestational age (SGA) birth [5], stillbirth and

neonatal death [5], and higher systolic and diastolic blood
pressure and body mass index (BMI) [7] in the offspring.

Especially in recent years, an increasing amount of studies
have also assessed the effects of maternal hypertensive preg-
nancy disorders on offspring mental and behavioral disorders
[8–14]. In light of this and since earlier original research stud-
ies have been reviewed thoroughly in previous meta-analyses
[15•, 16, 17–22], we reviewed the recent evidence from meta-
analytic and new original research studies on maternal hyper-
tensive pregnancy disorders and offspring mental and behav-
ioral disorders published since 2015. We focus here on diag-
nosed mental and behavioral disorders, as classified in the
International Classification of Diseases and Related
Conditions, Tenth Revision (ICD-10) with diagnostic codes
F00-F99, as outcomes [23].

Methods

We searched Medline, Google Scholar, and Science Direct
databases on original research and review articles with the
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search words “hypertensive pregnancy disorder” or “pre-
eclampsia” or “gestational hypertension” and “mental disor-
der” or “psychiatric,” “schizophrenia” or “depression” or “bipo-
lar” or “anxiety” or “autism” or “eating disorder” or “substance
use disorder” or “ADHD” or “conduct disorder” or “personality
disorder”. We also examined reference lists of the identified ar-
ticles for additional references.We focused our search on articles
published since 2015. The corresponding author went through
the search results and excluded duplicates, narrative and system-
atic reviews, and other studies not providing any data on our
study question. We also excluded studies focusing solely on
the symptoms of mental and behavioral disorders.

Two authors (RR, MLP) conducted a quality of evidence
assessment of the new original findings according to the
Newcastle-Ottawa Scale (NOS) assessment criteria. The eval-
uated studies were cohort, cross-sectional, and case-control
studies, each rated according to the criteria appropriate for
the particular study type [24, 25]. The NOS scales for case-
control and cohort studies yield a maximum of nine stars and
the scale for cross-sectional studies a maximum of ten stars. A
higher number of stars indicate higher methodological quality.
In one cohort study, one evaluator, MLP, was an author, and
hence to avoid bias, RR conducted this NOS assessment to-
gether with AL. In cases of disagreement in assessment, we
reached consensus by discussion.

Supplementary Table 1, Supplementary Table 2, and
Supplementary Table 3 in the Online Data Supplement pro-
vide our specific assessment criteria for the study questions at
hand, which we predefined before the start of the assessment
and systematically applied in duplicate to all studies. To sum,
we assessed the statistical methods based onwhether the study
used sibling comparisons and whether the study accounted for
familial confounding by maternal and/or paternal mental dis-
orders, took into account cardiometabolic conditions of ma-
ternal prepregnancy overweight/obesity and/or diabetes disor-
ders, and considered the mediating or moderating effects of
preterm and/or SGA birth. Additional assessment criteria in-
cluded whether maternal hypertensive pregnancy disorder
and/or offspring mental and behavioral disorder diagnoses
were physician-diagnosed from structured interviews, medical
records, or health registers vs. retrospective self- or maternal
self-reports of diagnosis. We assessed the representativeness
of the exposed and selection of the non-exposed groups, attri-
tion bias, and the adequacy of the length of follow-up for the
child to develop the outcome in question.

Results

Meta-Analyses

Our literature search yielded seven meta-analyses on maternal
hypertensive pregnancy disorders and offspring mental and

behavioral disorders since 2015 [15•, 16, 17–21]. Table 1
summarizes their study designs, study questions, and key re-
sults. Five meta-analyses focused on autism spectrum disor-
ders (ASD), two on attention-deficit hyperactivity disorder
(ADHD), and one on schizophrenia. The five ASD meta-
analyses included three to 21 studies with 8000 to 7.5 million
participants [15•, 16, 18•, 19•, 21]. The two ADHD meta-
analyses included 8 and 10 studies with at most over a million
participants [15•, 20]. The preeclampsia and offspring schizo-
phrenia meta-analysis included 11 studies with 1.4 million
participants [17]. In all seven meta-analyses, maternal pre-
eclampsia was associated with increased risks of the assessed
neuropsychiatric disorders. Any maternal hypertensive preg-
nancy disorder and specifically gestational and/or chronic hy-
pertension was associated with increased ASD risk in two and
increased ADHD risk in one meta-analysis. All odds or risk
ratios for the effects of different maternal hypertensive preg-
nancy disorders on offspring ASD, ADHD, and schizophrenia
risk varied between 1.3- and 1.7-fold (95% confidence inter-
vals (CIs) varying from 1.0 to 2.2).

The meta-analyses also presented adjusted effect size esti-
mates. Most often, the effects of maternal hypertensive preg-
nancy disorders were independent of any assessed covariates
but in one meta-analysis, maternal preeclampsia but not
chronic or gestational hypertension independently predicted
increased offspring ASD risk [15•].

However, the meta-analyses could not comprehensively
assess the roles played by different potential confounders,
mediators, and/or moderators, as the covariates used varied
across studies [15•, 16, 17–20]. Possible key confounding
factors or moderators include familial confounding by
maternal/parental mental health, other genetic or shared famil-
ial environmental influences, and maternal metabolic disor-
ders during pregnancy (diabetes disorders and early pregnan-
cy overweight/obesity). All these factors are highly comorbid
with hypertensive pregnancy disorders [1, 11, 27–29] and
predict increased offspring risk of mental and behavioral dis-
orders [30–34]. Furthermore, hypertensive pregnancy disor-
ders increase the risk of preterm and SGA birth [5]. Preterm
and SGA birth predict an increased risk of mental disorders
[35, 36], and they may mediate or moderate the effects of
hypertensive pregnancy disorders on offspring mental and
behavioral disorders [19•]. Discussed next, some of the recent
original research studies examined these confounding factors,
mediators, and moderators more thoroughly.

Original Research Studies

Our literature search yielded 23 new peer-reviewed original
research studies on the associations between maternal hyper-
tensive pregnancy disorders and offspring mental disorders
since 2015 (Table 2). Seven [46–52] of which were included
in the meta-analyses described above and their individual
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study findings are not described in more detail to avoid dupli-
cate emphasis on the same studies.

The remaining 16 original research articles report data from
12 different study samples. Ten studies employed cohort and
two were cross-sectional and four case-control study designs.
Table 2 shows the study design, covariates, sample sizes, di-
agnostic methods, and results of the studies along with the
summary of the NOS assessment of the quality of evidence
in these studies. Supplementary Table 1, Supplementary
Table 2, and Supplementary Table 3 in the online Data
Supplement provide more information on these assessments.
Supplementary Table 4 in the Online Data Supplement spec-
ifies the diagnostic criteria and diagnostic methods used for
maternal hypertensive pregnancy disorders in the different
studies.

Cohort Studies

Of the ten cohort studies [8–14, 37–39], eight reported signif-
icant associations between maternal hypertensive pregnancy
disorders and increased offspring risk of mental and behavior-
al disorders and two reported null findings. All cohort studies
had many methodological strengths and received 5–9 stars in
the NOS assessment (Table 2 and Supplementary Table 1 in
the Online Data Supplement). They all used a prospective
study design and objective nationwide or statewide medical
or obstetric register data on physician-diagnosed maternal hy-
pertensive pregnancy disorders and diagnostic register or
structured interview-based data on offspring mental and be-
havioral disorders.

Two publications from a Swedish population-wide cohort
among over twomillion participants received the highest NOS
rating [9, 10]. These studies showed that maternal preeclamp-
sia predicted an increased, 1.1–1.2-fold (95% CIs=1.1–1.3)
risk of ADHD [9•] and 1.2–1.4-fold (95% CIs=1.1–1.4) risk
of ASD [10•] in the offspring. The findings also suggested that
familial confounding did not explain the associations, since
significant effects were observed in the whole population and
in comparisons of differentially exposed siblings. Neither did
parental mental disorders nor maternal early pregnancy BMI
explain the associations [9, 10]. However, maternal diabetes
was unaccounted for. In both the whole cohort and sibling
comparisons, preeclampsia predicted ASD and ADHD when
occurring together with or without SGA birth. The effects
were stronger if the mother had preeclampsia and the child
was born SGA. In the full cohort, preeclampsia was associated
with offspring ASD and ADHD in term-born and preterm
offspring. Additive effects of preeclampsia and preterm birth
were also observed. However, as a limitation, these studies did
not examine mediation or moderation by preterm birth in the
sibling comparisons [9, 10], although pregnancies with pre-
eclampsia more often lead to preterm births than pregnancies
without preeclampsia [5, 6].

Three large studies conducted in the prospective Avon
Longitudinal Study of Parents and Children (ALSPAC) co-
hort received eight, seven, and five stars in our NOS assess-
ment [8, 13•, 14]. They each showed significant effects of
maternal hypertensive pregnancy disorders on offspring men-
tal and behavioral disorders. Two ALSPAC studies among
6739 and 5231 mother-child dyads, respectively, showed that
maternal hypertensive pregnancy disorders, defined as either
gestational hypertension or preeclampsia, predicted 2.3-fold
(95% CI=1.2–4.5) risk of depression in 7-year-old children
[8] and 2.4-fold (95% CI=1.2–3.4) risk of anxiety disorders
in 15-year-old offspring [14]. The third study, with the highest
methodological quality, showed among 12,000 participants
that maternal preeclampsia predicted 2.7–3.8-fold (95%
CIs=1.2–8.5) risk of ADHD in 7- and 10-year-old offspring
[13•]. All three studies had representative study samples [8,
13•, 14]. The studies on anxiety and ADHD considered po-
tential confounders carefully, and the effects of hypertensive
pregnancy disorders or specifically preeclampsia were inde-
pendent of maternal diabetes, depression, and BMI in preg-
nancy and child gestational age [13•, 14]. The effects on anx-
iety disorders were also independent of maternal prenatal anx-
iety and child birth weight [14]. The study on depression con-
sidered fewer covariates, but the effect of maternal preeclamp-
sia or gestational hypertension on offspring depression was
independent of maternal prenatal depressive and anxiety
symptoms and partially mediated by low birth weight [8].
However, the generalizability of the findings of the depression
and anxiety studies is limited by noticeable follow-up attrition
[8, 14].

Three representative prospective cohort studies from
Norway [12], Canada [37], and Finland [11] each rated as
having good methodological quality received seven stars in
the NOS assessment. The Norwegian study among over one
million mother-child dyads showed 1.3–1.4-fold (95%
CIs=1.1–1.6) increased risk of ASD and 1.2–1.3-fold (95%
CIs=1.1–1.4) increased risk of ADHD in offspring exposed to
maternal preeclampsia [12]. Preeclampsia showed similar ef-
fects in the whole cohort and among term-born offspring.
While this study accounted for many sociodemographic fac-
tors, it did not control for parental mental disorders or mater-
nal metabolic disorders [12]. Contrastingly, the Canadian
study [37] of over 19,000 participants did control for parental
mental health, maternal metabolic disorders, and child preterm
and SGA birth. The study found no associations between ma-
ternal hypertensive disorders and offspring anxiety disorders
in early childhood. As a limitation, the study authors did not
specify whether maternal hypertensive disorders were present
before or during the index pregnancy [37]. In comparison, in
the Prediction and Prevention of Preeclampsia and
Intrauterine Growth Restriction (PREDO) cohort, we showed
among over 4700 participants that maternal chronic hyperten-
sion, gestational hypertension, and preeclampsia in the current
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pregnancy each predicted significantly increased 1.5–1.9 fold
(95% CIs=1.0–2.8) risks of any childhood mental disorder
and psychological development disorders in the offspring
[11]. Preeclampsia also predicted an increased risk of child-
hood emotional and behavioral disorders. All associations

were independent of maternal and paternal mental disorders
and paternal hypertensive disorders. However, only the effects
of maternal preeclampsia were independent of diabetes disor-
ders and overweight/obesity in early pregnancy. Furthermore,
preterm and SGA birth both partially mediated the effects of

Table 2 Study characteristics and quality of evidence assessment of the new original research studies on maternal hypertensive pregnancy disorders
and offspring mental and behavioral disorders

Study Study

Sample

Sample

Size 

Exposure  Diagnostic

Method for 

Hypertensive

Pregnancy 

Disorders

Number of

Women with 

Hypertensive

Pregnancy 

Disorders

Offspring 

Diagnosti

c 

Outcome

Number of 

Children

with

Mental and 

Behavioral 

Disorders 

Diagnostic

Method for 

Offspring

Mental and 

Behavioral 

Disorders

Child Age 

at Follow-

up

Covariates Key Results Newcastle-Ottawa Scale Quality of 

Evidence Assessment 

Selecti

on

(maxi

mum=

4)

Comp

arabilit

y 

(maxi

mum=

2) 

Outco

me

(maxi

mum=

3) 

Total 

(maxi

mum=

9)

Dachew

et al. [14]

ALSPAC 4956 Hypertensive

disorders of 

pregnancy 

(gestational 

hypertension

or

preeclampsia)

Obstetric 

records, data

extracted by 

midwives 

813 (16.4%) Anxiety 

disorders

101(1.9%) DAWBA 15 years Maternal

depression, anxiety,

pre-pregnancy

BMI, diabetes, age,

parity, education,

ethnicity, social

class, alcohol use, 

smoking, child sex,

gestational age and 

birth weight

Maternal hypertensive

disorders of pregnancy

were associated with

increased offspring risk of

anxiety disorders,

independently of all 

covariates (RR=2.0, 95% 

CI=1.2-3.4, aRR=2.4, 95% 

CI=1.4-4.2) 

4/4 1/1 2/3 7/9

Dachew

et al. [13•]
ALSPAC 12622 at

either

age;

6597 at 7 

years; 

6025 at

10 years 

Preeclampsia Obstetric

records, data

extracted by 

midwives

281 (2.1% of 

the whole 

sample); 156 

of the 7-year

sample; 125 of

the 10-year 

sample

ADHD 204 (1.6%)

at either

age; 117 

(1.8%) at

years; 87

(1.4%) at

10 years 

DAWBA 7 and 10

years 

Maternal age, pre-

pregnancy BMI,

pregnancy diabetes,

parity, depression, 

smoking and 

alcohol use during 

pregnancy and child

sex and gestational 

age.

Maternal preeclampsia was 

associated with an

increased risk of ADHD in

the offspring, 

independently of all 

covariates at either age 

(RR=3.3, 95%CI=1.7-6.4,

aRR=3.0, 1.3-7.0) and at

ages 7 (RR=3.0, 95% 

CI=1.3-6.6; aRR=2.7, 95%

CI=1.2-6.1) and 10

(RR=3.8, 95% CI=1.7-8.5, 

aRR=3.0, 95% CI=1.3-7.0) 

years 

4/4 1/2 3/3 8/9 

Dachew

et al. [8]

ALSPAC 6739 Hypertensive

disorders of 

pregnancy 

(preeclampsia 

or gestational 

hyper-tension) 

Obstetric 

records, data

extracted by 

midwives

15.5% Depressio

n 

(0.64%) DAWBA 7 years Adjusted for 

maternal

depression, anxiety,

age, parity, 

smoking and 

alcohol use.

Mediation via low

birth weight was 

also examined. 

Hypertensive disorders of

pregnancy independently 

predicted increased 

offspring risk of depression

(aRR=2.3, 95% CI=1.2-

4.5). This effect was 

partially mediated by low 

birth weight. 

4/4 0/2 1/3 5/9

Kingston

et al. [37]

Populatio

n-based 

cohort in

Manitoba

, Canada

19316;

18836 in

adjusted 

models

Hypertensive

disorder

before or

during current 

pregnancy 

Hospital 

discharge and 

physician visit 

register

diagnoses or

two 

medication

prescriptions 

for 

hypertension

drugs before

1924(10.0%) Anxiety 591(3.1%) Hospitaliza

tions, 

physician 

visits or

medication

prescriptio

ns for 

anxiety 

Birth to 5 

years 

Maternal age,

education, income

assistance, 

neighborhood 

income, 

relationship statue, 

parity, cesarean

delivery, 

antepartum

hemorrhage, social

isolation,

Maternal hypertensive

disorders were not

associated with childhood 

anxiety (OR=1.1, 95% CI

0.9-1.5; aOR=1.1, 95% 

CI=0.8-1.4).

4/4 1/2 1/3 6/9

or during

pregnancy 

from

prescription 

from

province-wide

health

registers 

relationship

distress, prenatal, 

postnatal and early 

childhood 

psychological 

distress, diabetes

and substance use 

during pregnancy,

child sex, Apgar 

score, prematurity 

status, SGA,

breastfeeding.

Lahti-

Pulkkinen

et al. [11]

PREDO 4743 Preeclampsia, 

gestational 

hypertension, 

and chronic 

hypertension

in current 

pregnancy, 

hypertension

in previous

pregnancy

Physician-

diagnosed 

hypertensive

disorders

identified 

from

nationwide 

health and 

birth registers 

and obstetric 

medical 

records

263 (5.5%)

with

gestational 

hypertension

209 (4.4%)

with

preeclampsia,

and 200 

(4.2%) with

chronic

hypertension

in current 

pregnancy.

Any 

childhood 

mental

disorder,

psycholog

ical

developm

ental 

disorders,

childhood 

emotional 

and 

behavioral 

disorders

412 (8.7%)

with any 

childhood 

mental

disorder,

256 (5.4%)

with

psychologi

cal 

developme

nt

disorders, 

200 (4.2%)

with

childhood 

emotional 

and 

behavioral

disorders

Nationwide

health care

register

data on

physician-

diagnosed 

childhood

mental

disorders

from all 

hospitalizat

ions in

Finland 

and all 

visits in

public 

specialized 

outpatient 

care in

Finland.

Birth to 6 to

10 years of

age 

Maternal mental

disorders, alcohol

use and smoking 

during pregnancy,

age, parity, 

education, mental

disorder, paternal

mental and 

hypertensive

disorders and child 

age and sex were 

examined as

covariates. 

Maternal BMI in

early pregnancy and 

diabetes disorders

were examined as

possible 

confounders and 

moderators.

Preterm birth, SGA 

birth and neonatal 

intensive care unit

admission were

examined as

mediators and 

moderators 

Independently of maternal

and paternal mental

disorders and paternal

hypertensive disorders,

maternal preeclampsia

(aHR=1.9, 95% CI=1.3-

2.8), gestational 

hypertension (aHR=1.5, 

95% CI=1.0-2.1), and 

chronic hypertension

(aHR=1.6, 95% CI=1.1-

2.4) in current pregnancy 

predicted increased risks of

any childhood mental

disorder in the offspring.

Each disorder also

predicted increased risk of

offspring psychological 

development disorders.

Preeclampsia also predicted 

increased risk of childhood 

behavioral and emotional 

disorders. However, only

the effects of preeclampsia

were independent of

maternal diabetes and BMI. 

Preterm birth and SGA 

birth and neonatal intensive

care unit admission

partially mediated the 

effects of preeclampsia on

offspring mental disorders. 

4/4 1/2 2/3 7/9
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Maher et

al. [10•]
Swedish 

populatio

n born

1982-

2010

2842530 Preeclampsia Swedish 

Medical Birth 

Register 

diagnosis

77600 (2.7%)

with

preeclampsia 

ASD 54071 

(1.9%)

Nationwide

healthcare

diagnostic

data on

ASD 

diagnosis 

from all 

hospitalizat

ions in

Sweden

since 1987 

and all 

outpatient 

visits since 

2001

From birth 

to 6 to 34 

years 

Parental depression, 

bipolar, and 

nonaffective

psychiatric 

disorders, maternal

BMI in early 

pregnancy, weight

gain in pregnancy,

smoking and age,

parental countries 

of birth and 

education, family

income, child birth 

year, birth order 

and sex. Analyses

conducted both in

the whole cohort

and by comparing

differentially

exposed siblings. 

Sensitivity analyses

in groups varying 

by SGA and 

prematurity status, 

cesarean section,

and child 

intellectual

disability. 

Preeclampsia was 

independently associated

with an increased risk of

ASD, both in the whole 

cohort (HR=1.4,

95%CI=1.3-1.4; aHR=1.3,

95% CI=1.2-1.3) and in

comparisons of

differentially exposed 

siblings (aHR=1.2; 95% 

CI=1.1-1.3). Significant

effects were found both for 

preeclampsia with and 

without SGA, although the 

latter had larger effect 

sizes. Preeclampsia also 

predicted increased risk of

ASD at different levels of

gestational age, although

the associations were

strongest for preeclampsia 

combined with preterm 

birth before 34 gestational 

weeks. Preeclampsia was 

associated with ASD with

and without intellectual

disability. 

4/4 2/2 3/3 9/9

Maher et

al. [9•]
Swedish 

populatio

n born

1990-

2010

2047619 Preeclampsia Swedish 

Medical Birth 

Register

diagnosis 

57493 (2.8%)

with

preeclampsia 

ADHD 114934

(5.6%)

101075

with

medication

prescriptio

n and 

94708 with

ADHD

diagnosis

Nationwide

healthcare

diagnostic 

data on

ASD 

diagnosis

from all 

hospitalizat

ions in

Sweden

since 1997 

and all 

outpatient 

visits since 

2001 and 

medication

prescriptio

ns for 

ADHD 

medication

since 2005 

From age 3 

years to

ages 6-26 

years 

Parental depression, 

bipolar, and 

nonaffective

psychiatric 

disorders, maternal

BMI in early 

pregnancy, weight

gain in pregnancy, 

age, parity, 

smoking status, 

parental countries 

of birth and levels

of education, family

income, child birth 

year and sex.

Analyses conducted 

both in the whole 

cohort and by

comparing

differentially 

exposed siblings. 

Subgroup and 

sensitivity analyses

in different groups 

of SGA status, and 

diffent levels of

prematurity.

Maternal preeclampsia was 

independently associated

with increased offspring 

risk of ADHD, both in the 

whole cohort (HR=1.2,

95% CI=1.2-1.3; aHR=1.2, 

95% CI=1.1-1.2) and in

comparisons of

differentially exposed 

siblings (aHR=1.1, 95% 

CI=1.1-1.2). Significant

associations were present

for preeclampsia with and 

without SGA but the 

former had larger effect

sizes. Significant 

associations were found at

different levels of gestation 

length. The effects were

strongest for preeclampsia 

combined with preterm 

birth before 34 gestational 

weeks. Associations were

similar for ADHD

diagnosis and medication

prescriptions. 

4/4 2/2 3/3 9/9

Nahum 

Sacks et

al. [38]

All births

in Soroka

Universit

y 

medical

center in

Israel in

1991-

2014

253808 Preeclampsia Perinatal 

database

coded by

obstetricians

immediately 

after delivery

10107 (4.0%)

with

preeclampsia)

ASD and 

eating 

disorder,

the main

outcome: 

neuropsyc

hiatric

hospitaliz

ation,

including

these and 

neurologic 

diagnosis

ASD n=33

(0.01%) 

eating

disorder

(n=502) 

Hospitaliza

tion 

diagnoses 

according

to ICD-9 

classificati

on

From birth 

to up to 18

years 

(varying

ages) 

For ASD and eating

disorders: None. 

Preeclampsia was not

significantly associated

with ASD (p=0.22) or 

eating disorders (p=0.86). 

4/4 0/2 2/3 6/9

Neuhaus 

et al. [39]

All births

in Soroka

Universit

y 

medical

center in

Israel in

1991-

2014

with

maternal 

BMI data

242342 Hypertensive

disorders of 

pregnancy 

(chronic 

hypertension, 

gestational 

hypertension, 

preeclampsia)

Perinatal 

database

coded by

obstetricians

immediately 

after delivery

12110 Any 

neuropsyc

hiatric 

morbidity 

(diagnoses

of

neurologic 

and 

mental

and 

behavioral

disorders) 

7543(3.1%

) 

Hospitaliza

tion 

diagnoses 

according

to ICD-9 

classificati

on

From birth 

to up to 18

years 

(varying

ages) 

Maternal obesity,

age, diabetes

mellitus, child birth 

weight, preterm 

birth, ethnicity 

Maternal hypertensive

disorders of pregnancy

were independently 

associated with an

increased risk of

neuropsychiatric morbidity 

(aHR=1.2, 95% CI=1.0-

1.3)

4/4 0/2 2/3 6/9

Sun et al.

[12]

All 

singleton

births in

Norway

between 

1991 and 

2009

1081423;

also

subgroup

analyses

in

980560

term-

born

offspring

Preeclampsia Birth register

diagnosis 

37938; Of

these 28068 

were term

born

ADHD

and ASD 

ADHD

=10150(0.9

%) 

ASD 

=4018(0.4

%)

National

Insurance 

Scheme

Registry

diagnosis 

From birth 

to a 

minimum

of five 

years,until 

the end of

2014

Maternal and 

paternal education,

maternal parity, 

age, marital status, 

child sex and year

of birth, parental

immigrant status. 

Analyses conducted 

both in the whole 

cohort and 

specifically among

term-born children. 

Maternal preeclampsia was 

associated with an

increased risk of ASD 

(OR=1.4, 95% CI=1.2-1.6; 

aOR=1.3, 95% CI=1.1-1.5) 

and ADHD OR=1.3, 95% 

CI=1.2-1.4; aOR=1.2, 95%

CI=1.1-1.4)  in the 

offspring. Similar 

associations were found

also in term-born children. 

4/4 0/2 3/3 7/9

Cross-Sectional Studies 

Study Study

Sample

Sample

Size 

Exposure  Diagnostic

Method for 

Hypertensive

Pregnancy 

Disorders

Number of

Women with

Hypertensive

Pregnancy 

Disorders

Offspring 

Diagnosti

c 

Outcome

Number of 

Children

with

Mental

Disorder

Diagnoses 

Diagnostic

Method for 

Offspring 

Mental

Disorders

Child age at

follow-up

Covariates Key Results Newcastle-Ottawa Scale Quality of 

Evidence Assessment

Selecti

on

(maxi

mum=

5)

Comp

arabilit

y 

(maxi

mum=

2) 

Outco

me

(maxi

mum=

3) 

Total 

(maxi

mum=

10) 

Pohlabeln

et al. [40]

IDEFICS 

study 

13200 Gestational, 

pregnancy

induced

hypertension

Retrospective 

maternal-self

report

question 

727 ADHD 155(1.2%) retrospecti

ve mother-

report 

question on

whether 

the child 

has been

diagnosed 

From birth 

to 2-11.9

years,

x̄=6.2, 

SD=1.9 

years 

Model 1: Child sex 

and age, parental

education, country; 

Model 2: also for 

maternal smoking,

alcohol use,

proteinuria and 

glycosuria in

Maternal gestational 

hypertension was 

associated with an

increased risk of ADHD in

the offspring (prevalence of

ADHD: 2.0% vs. 1.1%; 

Model 1 aOR=2.0 (95%

CI=1.2-3.5; Model 2 

2/5 0/2 1/3 3/10

Table 2 (continued)
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with 

ADHD

pregnancy and c-

section, maternal

age, preterm birth,

low birth weight 

breastfeeding, 

respiratory 

problems, 

infections 

aOR=2.0 (95% CI=1.1-3.5) 

Roigé-

Castellví 

et al. [41]

EPINED

study 

566 Pregnancy 

hypertension

(hypertension 

diagnosed 

during

gestation) 

Retrospective 

maternal-self

report

question 

25 ADHD Subclinical 

ADHD

n=88

(13.6%);

Clinical

ADHD

n=168(26.2

%)

K-SADS

diagnosis 

4-5 and 10-

11 years 

No adjustments for 

gestational 

hypertension. 

Factors considered

in other analyses: 

parental ADHD, 

child gestational 

age, birth weight, 

age and sex,

maternal diabetes, 

weight gain, 

tobacco exposure, 

type of delivery,

breastfeeding and 

perinatal hypoxia 

No association between 

maternal hypertension 

during pregnancy and 

offspring ADHD. 

Prevalence of maternal

hypertension 4.5% for no

ADHD, 4.5% for 

subclinical ADHD and 

4.2% for clinical ADHD

group 

1/5 0/2 1/3 2/10

Case-Control Studies 

Study Study

Sample

Sample

Size 

Exposure  Diagnostic

Method for 

Hypertensive

Pregnancy 

Disorders

Number of

Women with

Hypertensive 

Pregnancy 

Disorders 

Offspring

Diagnosti

c 

Outcome 

Number of 

Children 

with

Mental

Disorder

Diagnoses 

Diagnostic

Method for 

Offspring 

Mental

Disorders

Child age at

follow-up 

Covariates Key Results Newcastle-Ottawa Scale Quality of

Evidence Assessment

Selecti

on

(maxi

mum=

4)

Comp

arabilit

y 

(maxi

mum=

2) 

Expos

ure 

(maxi

mum=

3) 

Total 

(maxi

mum=

9)

Chien et

al. [42]
A study

in

Taiwan; 

cases 

from

psychiatr

y clinics,

typically 

developi

ng

children 

via 

advertise

ments or 

from

primary

or high

schools 

2084 Preeclampsia Mother-

reported in an

interview, 

with Maternal 

Health

Booklet on

perinatal 

diagnosis

available to

confirm 

diagnosis: 

open-ended

questions on 

perinatal 

events and 

continued with

specific 

questions

Altogether 18:

8 mothers of

children with

ASD, 2 

mothers of

siblings

without ASD 

and 8 mothers 

of typically 

developing 

children

ASD ASD 

n=323,

unaffected

siblings

n=257;

typically 

developing

controls 

n=1504 

ASD 

diagnosed 

by a 

psychiatrist 

and 

confirmed

by ADI-R:

healthy 

control 

status

confirmed

by

questionnai

re

screening 

ASD:

x̄=10.7 

years, SD 

3.5:

Siblings: 

x̄=11.7 

years,

SD=4.5, 

typically 

developing

children

x̄=8.9 years,

SD=1.6 

Maternal age, child 

sex 

Children with ASD had 

more often been exposed to 

maternal preeclampsia than

typically developing

children (2.48% vs. 0.58%,

aOR=5.4, 95% CI=1.8-

16.8). However, there were

no significant differences 

between differentially 

exposed siblings (2.48% vs.

0.78%, aOR=1.5, 95%

CI=0.7-3.1).

2/4 1/2 1/3 4/9 

Pugliese

et al. [43]
Patients

admitted 

for at

least a 

year

Catanzaro

333 Preeclampsia Medical 

Records 

Altogether 11; 

6 in SSD 

group, 3 in

BDD group, 1 

in MDD group 

and 1 in

SSD, BD, 

MDD

91 with

SSD; 74 

with BD; 

83 with

MDD; 85 

healthy 

SCID-I for 

cases;

controls

asked 

about 

lifetime

18-65 

years; no

specific

data given 

other than 

age of onset 

Unadjusted

analyses for 

preeclampsia. Data

available on

prenatal stress, 

diabetes, weight

No significant associations

between preeclampsia and 

diagnostic status

(prevalence n=6( 6.6%) in

SSD; n=3( 4.1%) in BD; 

n=1(1.2%) in MDD and 

1/4 0/2 2/3 3/9 

psychiatr

y clinic, 

Italy in

2014-16;

Controls

from

internet 

advertise

ments 

and 

university

staff 

healthy 

controls

controls presence of

the studied

disorders, 

no 

diagnostic

interview 

gain, birth weight, 

head circumference 

at birth, asphyxia, 

rhesus 

incompatibility, 

weight gain during

pregnancy,

bleeding, nutritional 

deficits, infections, 

delivery type; 

control group to 

reflect cases on age,

sex and social class 

n=1(1.1%) in healthy 

controls, p=.14) 

Tenconi 

et al. [44]
Women 

born

1969-97 

at two 

obstetric

wards in

Padova, 

Italy;

Cases

from

eating 

disorder 

ward,

volunteer 

controls 

996 Preeclampsia Hospital 

records 

9% in

anorexia

nervosa 

patients, 3% in 

healthy 

controls, BN

numbers not 

specified 

Anorexia

nervosa; 

bulimia

nervosa

Lifetime

diagnosis

of anorexia

nervosa 

264, 

bulimia

nervosa 

108, 

healthy 

controls 

624 

SCID-I Only age of

onset given:

x̄ 17.2= for 

anorexia

and x̄=16.5 

for bulimia 

Maternal age,

parity, 

socioeconomic

status, hospital 

ward, multiple

birth; no covariates

for analyses

specifically on

preeclampsia

Patients with anorexia

nervosa had more often 

mothers with preeclampsia

(9% vs 3%, OR=3.0, 95%

CI=1.4-6.1). There were no

significant differences 

between bulimia nervosa 

patients and healthy 

controls (data not shown). 

2/4 0/2 2/3 4/9 

Yousefian

et al. [45]
Cases

born in

2004-12 

in

Tehran, 

Iran and 

recruited 

from

ASD 

treatment

facilities; 

controls 

born in

Tehran

and 2-10 

years old,

recruited 

from

kinder-

garden

and 

school

522 Preeclampsia Maternal

retrospective 

questionnaire 

answer

1 with ASD 

9 among 

controls

ASD ASD 

n=134 

Controls 

n=388 

Physician-

diagnosed 

DSM-IV

diagnosis 

confirmed

by a center,

no further 

specificatio

n of

methods;

controls: 

no history 

of ASD 

2 to 10

years old 

None for

preeclampsia. Cases 

and controls

matched by child 

age and sex.

Factors considered

in main analyses on

air pollution; birth 

weight, family

history of ASD,

maternal and 

paternal prenatal

smoking, education 

and age, smoking at

home, cousin

marriage, 

prematurity, season

of birth, birth order,

type of delivery,

multiplicity, 

maternal

hypothyroidism and 

gestational diabetes

and paternal disease 

No significant association 

between preeclampsia and 

ASD (0.7% among cases,

2.3% among controls, 

p=.25). 

2/4 0/2 2/3 4/9

ADI-R Autism Diagnostic Interview-Revised; ADHD attention deficit hyperactivity disorder; ADOS Autism Diagnostic Observation Schedule; aHR
adjusted hazard ratio; ALSPAC Avon Longitudinal Study of Parents and Children; aOR adjusted odds ratio; aRR adjusted risk ratio; ASD autism
spectrum disorder; BD bipolar disorder; CI Confidence Interval; DAWBA Development and Well-being Assessment; DSM Diagnostic and Statistical
Manual for Mental Disorders; MDD major depressive disorder; EPINED Epidemiological Study of Neurodevelopmental Disorders; HR hazard ratio;
ICD International Classification of Diseases and Related Conditions;K-SADSKiddie Schedule for AffectiveDisorders and SchizophreniaOR odds ratio;
PREDO Prediction and Prevention of Preeclampsia and Intrauterine Growth Restriction; RR risk ratio; SD standard deviation; SCID Structured Clinical
Interview for DSM-IV; SGA small for gestational age; SSD schizophrenia spectrum disorder; x sample mean

Table 2 (continued)
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preeclampsia on offspring childhood mental disorders. No
effects were found for maternal hypertensive disorders present
before the current pregnancy, which included hypertensive
pregnancy disorders diagnosed in previous pregnancies and
chronic hypertension diagnosed only before the current preg-
nancy [11].

Two representative studies, each receiving six out of nine
NOS stars, reported data from an Israeli cohort of over 240,000
participants [38, 39]. The first [38] showed that maternal pre-
eclampsia was independently associated with an increased off-
spring risk of certain neurological disorders but not with the
assessed mental and behavioral disorders—ASD and eating dis-
orders. However, these two disorders had very low prevalence,
limiting statistical power to reliably assess them [38]. The other
Israeli study showed that maternal hypertensive pregnancy dis-
orders predicted 1.2-fold (95%CI=1.0–1.3) increased risk of any
neuropsychiatric disorder, defined as any mental, behavioral, or
neurological disorder in the offspring [39]. These effects were
independent of maternal obesity, diabetes, preterm birth, and
birth weight. The specific effects of maternal hypertensive preg-
nancy disorders on offspring mental and behavioral disorders
were, however, not reported [39]. These Israeli studies did not
control for familial confounding by parental mental disorders
[38, 39].

In general, the cohort studies since 2015 show a relatively
consistent pattern of maternal hypertensive pregnancy disorders
predicting increased offspringmental and behavioral disorders in
childhood and adolescence. As methodological strengths, in ad-
dition to the objective physician-diagnosed data on the exposures
(Table 2 and Supplementary Table 4 in the Online Data
Supplement) and outcomes (Table 2), all studies had good rep-
resentativeness, a longitudinal study design starting from the
pregnancy period, and the controls and cases with hypertensive
pregnancy disorders were recruited from the same populations.
There were also methodological limitations in all studies, as
discussed. Furthermore, the Israeli studies [38, 39], the
ALSPAC study on depression [8], the PREDO study [11], and
the Canadian study [37] each ended their follow-ups at ages
when many children had possibly not yet received their diagno-
sis. Further studies with longer follow-ups are needed. No cohort
studies reported findings on mental disorders in adulthood
(Table 2). When considering the width of the available evidence
base, it is of note that three cohorts reported two or three studies
on different mental and behavioral disorders, meaning that many
same individuals were included in multiple individual studies.

Case-Control and Cross-Sectional Studies

The findings of the studies using cross-sectional and case-control
study designs on maternal hypertensive pregnancy disorders and
offspringmental and behavioral disorders are mixed, and they all
had several methodological limitations (Table 2). In the larger
cross-sectional study among 13,200 participants, maternal

gestational hypertension was associated with a two-fold (95%
CIs=1.1–3.5) increased ADHD risk in children [40]. However,
since this study used maternal retrospective reports to identify
both child ADHD and maternal gestational hypertension, shared
method and recall bias may have influenced the findings [41, 46,
53]. The other cross-sectional study found no effects of maternal
hypertension diagnosed during pregnancy on offspring ADHD
at 3–4 or 11–12 years of age among 566 participants [41].
Although child ADHD was diagnosed with diagnostic inter-
views, maternal hypertensive disorder diagnosis was based on
maternal retrospective self-reports. Furthermore, neither cross-
sectional study adequately controlled for key covariates or attri-
tion effects. These and other methodological limitations resulted
in grading these studies with only two [41] and three [40] out of
possible ten NOS stars (Table 2 and Supplementary Table 2 in
the Online Data Supplement).

Of the four case-control studies, two found no associations
between maternal hypertensive pregnancy disorders and off-
spring mental and behavioral disorders, while two studies report-
ed mixed findings (Table 2). An Italian study among 333 partic-
ipants found no significant differences in the prevalence of ma-
ternal preeclampsia, identified from medical records, between
adult offspring with physician-diagnosed schizophrenia, major
depressive disorder, bipolar disorder, and healthy controls [43].
However, the low number of participants in each diagnostic
group limits the reliability of the findings [43]. Two case-
control studies [42, 45] on maternal preeclampsia and offspring
ASD used possibly biased retrospective self-reports of maternal
preeclampsia. Of these, a study in Iran among 522 participants
found no effects of maternal preeclampsia on child ASD [45].
While in a Taiwanese study among 2084 participants, children
with ASD more often had mothers with preeclampsia than typ-
ically developing children. However, the study showed no dif-
ferences between siblings with and without ASD, suggesting
familial confounding [42]. Nevertheless, both studies had high
likelihoods of false positive and false negative findings due to the
low number of women with preeclampsia. Finally, a study
among approximately 1000 mothers and their female offspring
showed a significant association between maternal preeclampsia
and increased offspring risk of anorexia nervosa, but not bulimia
nervosa [44]. This study used register and interview data for
maternal and child diagnoses [44].

However, all four case-control studies had methodological
limitations and received only three or four out of nine stars in
the NOS assessment (Table 2 and Supplementary Table 3 in the
Online Data Supplement). For example, while the case-control
study using sibling comparisons adjusted their analyses for ma-
ternal age and child sex [42], the three other studies did not
control for any covariates. Selection of cases and controls did
not follow the same methods in any case-control study: controls
were recruited from different communities than cases, and only
one study certified mental disorder diagnosis with the same
method for both cases and controls (Table 2). Also, two of the

Page 9 of 14     30Curr Hypertens Rep (2021) 23: 30



four case-control studies used maternal retrospective self-reports
to diagnosematernal hypertensive pregnancy disorders, and none
of them specified the diagnostic criteria used to classify these
maternal conditions (Supplementary Table 4 in the Online Data
Supplement). These factors limit the validity of the case-control
study findings [42–45].

Discussion

The findings of the recent meta-analyses and cohort studies con-
sistently point to the predisposing effects of maternal hypertensive
pregnancy disorders and especially preeclampsia on offspring
mental and behavioral disorders in childhood. The expanding ev-
idence base includes findings among altogether millions of partic-
ipants. Findings from cross-sectional and case-control studies, in
turn, are very inconsistent, but notably, the same studies have had
important limitations in methodological quality.

Hence, several cohort studies and meta-analyses yield a co-
herent picture of replicated associations between maternal hy-
pertensive pregnancy disorders and increased risk of mental
and behavioral disorders in children. The same increasing body
of evidence suggests that these effects of maternal hypertensive
pregnancy disorders are independent of maternal overweight/
obesity and diabetes disorders and familial confounding by
maternal or paternal mental disorders. However, only the
Swedish population-wide studies on ASD and ADHD and the
case-control study in Iran on ASD assessed familial confound-
ing more soundly via comparisons of differentially exposed
siblings [9, 10, 42], and no sibling comparison data exists on
other mental and behavioral disorders than ASD or ADHD.
Furthermore, while preterm and SGA birth have emerged as
possible moderators or partial mediators of the effects of hyper-
tensive pregnancy disorders on offspring mental and behavioral
disorders [8–11], mediation or moderation by preterm birth was
not addressed in any of the sibling comparisons [9, 10, 42].
Although maternal hypertensive pregnancy disorders consis-
tently predicted increased risks of ASD and ADHD, the effect
sizes for thesemost commonly studied disorders were relatively
small in the most representative studies. Maternal hypertensive
pregnancy disorders thus constitute one of many risk factors for
these neuropsychiatric disorders, with small but significant ef-
fect sizes. Interestingly, the authors of the Swedish cohort stud-
ies later showed that offspring risks of ASD and ADHD were
even higher if both the grandmother and mother had had pre-
eclampsia, suggestingmultigenerational effects [54], and a nov-
el avenue for research.

While there are numerous studies on mental and behavioral
disorders in childhood and adolescence, and meta-analytic ev-
idence of associations between maternal preeclampsia on off-
spring schizophrenia in adulthood, very few studies have ex-
amined the effects on other adulthood mental disorders. An
early cohort study showed that maternal gestational

hypertension but not preeclampsia predicted an increased risk
of severe mental disorders in adult offspring [55]. Two case-
control studies reviewed here had adulthood follow-ups, one on
major depression, schizophrenia, and bipolar disorder [43] and
the other on eating disorders [44]. These studies produced
mixed findings in a restricted number of exposed individuals
[43, 44]. Hence, no clear conclusions can be made of effects on
other adult mental disorders. Also regarding child and adoles-
cent mental disorders, the studies have either focused on
ADHD, ASD, anymental disorder, psychological development
disorders, childhood behavioral and emotional disorders, anxi-
ety, and depression as outcomes. In contrast, our literature
search yielded no studies specifically on conduct disorders,
personality disorders, or substance use disorders. Thus further
research needs to examine how widespread the effects of ma-
ternal hypertensive pregnancy disorders are on different mental
and behavioral disorders, particularly on externalizing
disorders.

An additional question of the effects of hypertensive pregnan-
cy disorders on offspring mental and behavioral disorders is
whether dose-response associations exist, i.e., the effects become
more evident when the hypertensive pregnancy disorder is more
severe. According to the ICD-10, preeclampsia can be classified
according to its severity to mild/moderate and severe subtypes
[23]. Some of the international guidelines for the treatment of
hypertensive pregnancy disorders do not recommend the use of
the severity classification in clinical practice as all preeclampsia
cases can have dire consequences for the mother and her child
[56]. However, the severity classification, dose-response effects,
may provide important insights on potential causality. Three
studies since 2015 assessed preeclampsia severity effects on off-
spring mental and behavioral disorders [11, 38, 46]. In PREDO,
the more severe the maternal preeclampsia, the higher the off-
spring risk for childhood mental disorders [11]. Also, severe but
not mild/moderate preeclampsia had effects that were indepen-
dent of maternal early pregnancy BMI and diabetes disorders
[11]. One study included in the meta-analyses on ASD defined
severe preeclampsia as either a note of severe preeclampsia on a
medical record, presence of HELLP syndrome, or preeclampsia
combined with placental insufficiency [46]. This exposure was
associated with strong effects on ASD and developmental delay
[46]. In contrast, in the Israeli cohort study, preeclampsia severity
was not associated with offspring ASD or eating disorders [38].

While maternal hypertensive pregnancy disorders have now
repeatedly shown effects on offspring mental and behavioral
disorders that are independent of maternal diabetes and/or
prepregnancy obesity, only one study assessed additive effects
of these three types of cardiometabolic conditions [11]. In that
study, maternal hypertensive pregnancy disorders, diabetes dis-
orders, and overweight/obesity in current pregnancy additively
increased the risk of mental and behavioral disorders in children.
While the cumulative incidence of childhood mental disorders
was 7% among offspring of women with no maternal adverse
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cardiometabolic conditions in pregnancy, it was over 22%
among offspring of women with all of these conditions [11].
Further studies are needed to replicate these findings.

The evidence of preterm birth, SGA birth, and low birth
weight partially mediating the effects of preeclampsia on off-
spring mental and behavioral disorders [8, 11] suggests partially
shared biological pathways underlying the effects of these con-
ditions and maternal hypertensive pregnancy disorders on off-
spring mental health. Preeclampsia is a placental disorder char-
acterized by placental insufficiency and SGA is often used in
research as a proxy for placental insufficiency [9, 10, 46].
Placental insufficiency and structural changes are associated with
offspring psychopathology risk [46, 57] and these placental mod-
ifications may be among the biological pathways leading from
hypertensive pregnancy disorders, particularly preeclampsia, to
offspring psychopathology risk. Furthermore, preterm birth pre-
dicts an increased risk of mental and behavioral disorders [11,
35], possibly via structural and functional alterations in brain
development [58, 59]. Such neurodevelopmental alterations
may contribute to the effects of maternal hypertensive pregnancy
disorders on offspring mental and behavioral disorders [60].

Maternal hypertensive pregnancy disorders may also increase
the risk of offspring mental disorders via maternal and offspring
changes in the inflammatory system and hypothalamus-pituitary-
adrenal axis functioning. Such changes have been shown as a
consequence of maternal hypertensive pregnancy disorders and
in offspring withmental disorders [60–63]. On amolecular level,
there may be pleiotropic genetic effects between maternal hyper-
tensive pregnancy disorders and offspring mental and behavioral
disorders and epigenetic changesmaymediate these associations.
The genetic risk factors for mental disorders and hypertension
partially overlap [64] and epigenetic DNAmethylation and gene
expression changes are seen in offspring of women with hyper-
tensive pregnancy disorders [65] and patients with mental disor-
ders [62].

The findings reviewed here suggest a possible independent
role for maternal hypertensive pregnancy disorders in the etiol-
ogy of offspring mental and behavioral disorders. Considering
the marked effects maternal hypertensive pregnancy disorders
also have on maternal and offspring cardiovascular and neona-
tal morbidity and mortality, the public health impact of these
common conditions is marked and widespread. Together, these
findings indicate that the pharmaceutical and lifestyle interven-
tions that have either proven effective or show promise on the
treatment of maternal hypertensive pregnancy disorders [56]
also may have buffering effects on the somatic and mental
health of the mother and her offspring.

The limitations of the available evidence include the case-
control and cross-sectional studies not fulfilling most criteria
to ensure unbiased reporting related to the definitions of ex-
posures and outcomes, comparability of selection of cases and
controls, and controlling for key covariates. In contrast to the
cohort studies, which classified hypertensive pregnancy

disorders according to standardized international diagnostic
guidelines, the case-control and cross-sectional studies most
often used retrospective maternal self-report questionnaires
and did not specify the diagnostic criteria they used for hyper-
tensive disorders (Table 2 and Supplementary Table 4 in the
Online Data Supplement). The retrospective self-reports are
prone to bias, which may limit the validity of the diagnostic
categories and the generalizability of the findings of these
studies. However, in the current review, the method of expo-
sure assessment was accounted for in the NOS Quality of
Evidence assessment (Table 2 and Supplementary Table 1,
Supplementary Table 2, and Supplementary Table 3 in the
Online Data Supplement). Furthermore, the large-scale stud-
ies on maternal hypertensive pregnancy disorders and off-
spring mental and behavioral disorders have been conducted
in relatively affluent societies, and it remains uncertain how
generalizable the findings are to different populations with
varying healthcare coverage and guidelines [66]. The guide-
lines for the treatment of hypertensive pregnancy disorders
vary across countries [66], and how this affects the prognosis
of offspring born from pregnancies complicated by hyperten-
sive pregnancy disorders remains unknown. For example, the
US treatment guidelines suggest induced delivery after 34
gestational weeks in pregnancies complicated by preeclamp-
sia, while there is no such recommendation in Europe [1].
Studies on the similarities and differences of the associations
of hypertensive pregnancy disorders with offspring mental
and behavioral disorders in different countries are needed.

Furthermore, ethical reasons prohibit randomized controlled
trials on the effects of maternal hypertensive pregnancy disor-
ders on offspring mental and behavioral disorders. It is impor-
tant to note that causality cannot be directly inferred from the
epidemiological studies reviewed here. The prospective cohort
studies nevertheless yield preliminary answers about the direc-
tion of associations. Future studies may approximate a causal
design by examining in randomized clinical trials whether in-
terventions that have proven effective for maternal hypertensive
pregnancy disorders also prevent mental and behavioral disor-
ders in the offspring. It also remains unknown whether the
effects of maternal hypertensive pregnancy disorders on off-
spring mental and behavioral disorders are modified by familial
risk for psychopathology. To our knowledge, no studies have
examined interaction effects of polygenic risk scores or parental
mental disorders with maternal hypertensive pregnancy disor-
ders on offspring mental disorders. Studies using sibling com-
parisons while simultaneously taking into account all key con-
founders, mediators, and moderators will shed important
new light on possible familial confounding. Furthermore,
while two meta-analyses [15•, 19•] and one original re-
search study [11] examined the specific effects of maternal
gestational hypertension, chronic hypertension, and pre-
eclampsia on offspring mental and behavioral disorders,
most of the new research studies have focused either on
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preeclampsia as a sole exposure or on the combined effects
of gestational hypertension and preeclampsia on offspring
mental and behavioral disorders. More research is needed
on the roles played by other maternal hypertensive preg-
nancy disorders. Finally, further studies should examine
more thoroughly the effects of maternal hypertensive preg-
nancy disorders on offspring mental and behavioral disor-
ders in adulthood and externalizing disorders at any age.

Conclusions

A large amount of recent research has focused on the associ-
ations of maternal hypertensive pregnancy disorders on off-
spring mental disorders. The evidence from cohort studies and
meta-analyses is increasingly consistent in suggesting that
maternal hypertensive pregnancy disorders are associated
with increased risks of a wide range of different mental and
behavioral disorders in childhood and adolescence, and
schizophrenia in adulthood. Particularly consistent and con-
vincing evidence exists on ASD and ADHD. While similar
findings have been observed on other offspring mental and
behavioral disorders especially in childhood, these findings
warrant replication. Furthermore, studies on externalizing dis-
orders and common adult mental disorders are scarce.
Compared to other maternal hypertensive pregnancy disor-
ders, the evidence is most consistent for maternal preeclamp-
sia as a risk factor for offspring mental and behavioral disor-
ders, and the available evidence suggests that the effects are
independent of familial confounding. Maternal hypertensive
pregnancy disorders are associated with an increased risk of
mental and behavioral disorders in the offspring.
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