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Impact of maternal hypertensive disorders on offspring’s
neurodevelopment: a longitudinal prospective cohort
study in China
Zhong Chen1, Ruizhen Li1, Hua Liu1, Junyu Duan1, Cong Yao1, Rong Yang1, Yaqi Zhang1, Lin Qiu1, Chao Xiong1, Jieqiong Zhou1 and
Bin Zhang1

BACKGROUND: Maternal hypertensive disorders of pregnancy (HDP) are the major causes of maternal mortality. However, the
association between HDP and offspring’s neurodevelopment remains unclear.
METHOD: Participants were 4031 singleton live births from a prospective cohort study in Wuhan, China, during October 2013 to
October 2014. Neurodevelopment of infant was evaluated by using Chinese version of Gesell Developmental Schedules at 0.5 year
of age. Maternal HDP and potential confounders were ascertained by healthcare records at baseline.
RESULTS: Generalized linear model analysis indicated that maternal chronic hypertension were significantly associated with
development quotient on fine motor (β=−3.32, 95% CI: −6.33 to −0.31), adaptability (β=−2.87, 95% CI: −5.31 to −0.43),
language (β=−1.23, 95% CI: −2.12 to −0.34) and social behavior (β=−2.53, 95% CI: −4.69 to −0.37), and gestational
hypertension was significantly associated with development quotient on social behavior (β=−1.42, 95% CI: −2.03 to −0.81), even
after adjustment of major confounders. Multivariable logistic regression analysis showed that maternal chronic hypertension also
increased the risk of diagnosis of “neurodevelopmental delay” on fine motor (OR= 1.85, 95% CI: 1.19−2.89), adaptability (OR= 2.32,
95% CI: 1.42−3.78), language (OR= 2.86, 95% CI: 1.74−4.70), and social behavior (OR= 2.13, 95% CI: 1.73−2.59).
CONCLUSION: This study suggests that exposure to HDP is associated with an increased risk of neurodevelopment impairment in
the offspring at the age of 0.5 year.
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INTRODUCTION
The concept of developmental origins of health and disease
pointed out that adversity during pregnancy will not only affect
the fetal outcome, but also affect many aspects of long-term
health.1 Maternal hypertensive disorders of pregnancy (HDP) are
the common adversities, accounting for 10% of all pregnancies,
including four categories based on gestational age at the time of
presentation: gestational hypertension, preeclampsia−eclampsia,
chronic hypertension, and preeclampsia superimposed upon
underlying hypertension.2 Maternal HDP are responsible for
10−15% of the maternal death and is the most common cause
of perinatal death.3,4 The adversities also increase risk of adverse
pregnancy events and outcomes, such as prematurity, restricted
fetal growth,5 which lead to developmental disorders and diseases
for their offspring. There is evidence that offspring of mothers with
gestational hypertension and preeclampsia are more prone to
fetal growth restriction and small head circumference at birth,6

which is associated with numerous adverse neurodevelopmental
consequences.7

There are increasing number of researches around develop-
mental origins of health and disease theory during recent years,3–8

but the association between maternal HDP and neurodevelop-
ment of the offspring at preschool age has not been well

investigated. It is difficult to infer and explain a causal association
of maternal HDP with offspring’s neurodevelopment at preschool
age based on the existing literatures. Firstly, although several
studies have examined the associations of maternal hypertensive
diseases with offspring neurodevelopment at preschool age, the
results are not consistently reported in these studies.9–16 For
example, Krakowiak et al.16 found maternal hypertension was not
significantly associated with development delays (OR= 3.58, 95%
CI: 0.93−13.78), while Girchenko et al.15 found that preeclampsia
was associated with an increased risk of developmental delay.
Secondly, although most of those studies were designed as cohort
study, the sample size was generally small, and only two studies
have adjusted for postnatal factors known to influence early
neurodevelopment,12,15 both of which reduced the reliability of
the conclusion greatly. Thirdly, all the previous studies were
focused on gestational hypertension and/or preeclampsia; no
study has examined the association of other types of maternal
hypertensive diseases with neurodevelopment of offspring at
preschool age. What’s more, all these studies were derived from
high-income countries and regions; the findings could not be
generalized to the whole world.
China has the largest population in the world, and had

implemented one child policy for nearly 40 years.17 China’s
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progress in maternal and child healthcare during the past 20 years
has been impressive.18 In this paper, we examined the data of
longitudinal prospective cohort to assess the impacts of maternal
HDP on neurodevelopment of offspring in the early age. We
investigated whether maternal HDP increased the risk of poorer
neurodevelopment, and the different impacts among different
types of hypertensive diseases. We hypothesize that maternal HDP
increase the risk for neurodevelopmental delay and/or poorer
neurodevelopment, and different types of hypertensive diseases
have different impacts on neurodevelopment at infant period.

METHODS
Study population and data sources
The participants were derived from the Wuhan Health Baby
cohort, which was designed to determine the impact of maternal
exposures on child health and was conducted in Wuhan, China.19

Pregnant women who lived in Wuhan and without a plan to
migrate, and had no communicable diseases were recruited when
they had pregnancy examination for the first time at 12 weeks of
gestation. The present study was restricted to a subset of women
who delivered during October 10, 2013 and October 10, 2014,
who had a singleton live birth in Wuhan Maternal and Child
Healthcare Hospital, and who had complete medical records on
antenatal care, labor care and postnatal care. Healthcare records
for their offspring within 0.5 year after birth were also a necessary
condition. The final analysis included 4031 mother−infant pairs
after excluding 279 pairs who had incomplete medical records
(with missing data of >15%), 117 pregnant women with
gestational diabetes and 18 infants with birth defect. The response
rate in the sample was 90.7%.
We linked records of those mothers and their offspring in the

medical information system of Wuhan Maternal and Child
Healthcare Hospital. The unambiguous linkage of individual
records is feasible because of the unique identifier assigned at
birth and is used in the medical information system of the
hospital.

Ethics statement
The study protocol was approved by the Ethical Committee of
Huazhong University of Science and Technology and Wuhan
Maternal and Child Healthcare Hospital. All the participants were
asked to sign written informed consent when they came to the
hospital for the first time for pregnancy examination.

Definition of maternal hypertensive disorders of pregnancy
According to the diagnostic criteria of American College of
Obstetricians and Gynecologists and Task Force on Hypertension
in Pregnancy,3 gestational hypertension was defined as having a
blood pressure greater than 140/90 mmHg, measured on two
occasions at least 4 h apart in a woman who was normotensive
before 20th week of gestation and whose blood pressure returned
to normal postpartum. A diagnosis of preeclampsia−eclampsia
additionally required de novo proteinuria (>300 mg/24 h). A
diagnosis of preeclampsia superimposed on chronic hypertension
required hypertension be presented before pregnancy or
diagnosed before 20th week of gestation with new onset of
proteinuria (>300 mg/24 h). A diagnosis of chronic hypertension
was defined as having a blood pressure greater than 140/90 mm
Hg that presented before pregnancy or diagnosed before 20th
week of gestation or did not resolve postpartum.
Diagnosis of maternal HDP in the medical information system of

Wuhan Maternal and Child Healthcare Hospital was coded by
using the International Classification of Disease, Tenth Revision
(ICD-10). We ascertained the following diagnosis: gestational
hypertension (code O13.X51), preeclampsia−eclampsia (code
O13.X52), preeclampsia superimposed on chronic hypertension
(code O11.X53), and chronic hypertension (code O010.951). We

also ascertained maternal HDP based on the related test data
recorded in the medical information system.

Assessment of neurodevelopment
The Gesell Developmental Schedules were designed to provide a
neurologic and intellectual evaluation of infant or child at the time
of testing.20 The Chinese version of Gesell Developmental
Schedules for 0−3-year-old child was modified by the Chinese
Pediatric Association, with a good validation against Chinese
reference population.21 It has been widely used to evaluate infant
or child neurodevelopment,22 and to diagnose neurodevelop-
mental delay in clinic.23,24 The items of Chinese version of Gesell
Developmental Schedules are grouped into five neurodevelop-
ment domains: gross motor, fine motor, adaptability, language
and social behavior. Specifically, the gross motor includes raising
head, standing and walking; fine motor includes hand control and
balance; adaptability includes imitation, discriminative perfor-
mance, and perception; language is assessed by means of
vocabulary, word comprehension, and conversation; and social
behavior includes reactions to persons, personal habits, and
acquired information.
According to the test items, the evaluators estimated a maturity

age of neurodevelopment for each of the five domains. The
maturity age can be used to calculate a development quotient,
which is the maturity age divided by the chronologic age,
multiplied by 100. Child can be classified as normal (with
development quotient ≥ 85 on all domains), moderate delay (with
development quotient between 70 and 85 on one or more
domains), or severe delay (with development quotient < 70 on
one or more domains).25 In the present study, as there were only
13 infants diagnosed as “severe delay”, therefore, we merged
“moderate delay” and “severe delay” into one group.
Neurodevelopment of the offspring was assessed at the

Developmental Neuropsychology Laboratory, Wuhan Maternal
and Child Healthcare Hospital, by four trained pediatricians. To
minimize the variability of the assessment, every effort was made
to maximize reliability in scoring by performing standardized
training procedures and regular self-checking.26 The evaluators
were “blind” to the prenatal and perinatal backgrounds of the
offspring.

Covariables
We measured covariables, including numerous prenatal and
perinatal factors, which were known to have effects on
neurodevelopment of child, including gestational age (divided
into four categories: <34 weeks, 34−37 weeks, 37−40 weeks,
40−42 weeks), model of delivery (natural or cesarean delivery),
asphyxia neonatorum (yes or no, defined as Apgar scores ≤ 7 at 1
or 5 min), maternal active or passive smoking (yes or no), drinking
(yes or no), folic acid supplementation (yes or no), birth weight,
sex of child (boy or girl), maternal age at conception, maternal and
father’s education level.

Statistical analysis
Mean standard deviation or percentages of variables were used to
describe the characteristics of the study participants and compare
for outcomes, predictors and control variables. We calculated
development quotient and made a neurodevelopmental diag-
nosis for the five domains for each infant, and both development
quotient and diagnosis were examined as the outcomes. Infants
who were diagnosed for delay at least on one domain were
defined as “neurodevelopment delay” when analyzing the
associations between outcomes and demographic characteristics.
The associations between development quotient and HDP were

examined in two ways. First, we compared the mean of
development quotient among different types of maternal
hypertensive diseases by using one-way ANOVA. Then, the
association of maternal HDP and infants’ development quotient
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was evaluated by the generalized linear model with adjustment
for other covariables.
The associations between the diagnosis of neurodevelopmental

domains and maternal HDP were also examined in two ways. First,
chi-square tests were used to compare the incidences of
neurodevelopmental delay among different types of hypertensive
diseases. Then, binary logistic regression models were used to
examine the associations between the diagnosis of neurodevelop-
mental domains and maternal hypertensive disorders under
multivariable context. Odds ratios (OR) and its 95% confidence
intervals were calculated for the associations between diagnosis of
neurodevelopment domains and different types of maternal
hypertensive diseases.
To examine the robustness of our findings, we preformed

sensitivity analysis for both the association of maternal hyperten-
sive disorders with offspring’s neurodevelopment quotient and
diagnosis by merging gestational hypertension and preeclampsia

into one group. In the modeling analysis, we used the multiple
imputation technique to deal with missing data.27 In the models,
we adjusted for maternal demographic factors (maternal age,
gestational weeks, education level of father and mother), prenatal
factors (maternal smoking and drinking, folic acid supplementa-
tion) and perinatal factors (delivery model, asphyxia neonatorum,
birth weight). The significance level was set at 0.05, and all the
tests were two-sided, and statistical analyses were conducted
using SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL).

RESULTS
Overview
The sociodemographic and clinical characteristics of the partici-
pants were shown in Table 1. Of 4031 pairs of mother−infants,
362(9.0%) of the mothers had HDP, of which 88, 233 and 41 were
chronic hypertension, gestational hypertension and preeclampsia

Table 1. Characteristics and related variables of the study participants.

Variables Total (n= 4031) Offspring neurodevelopment P

Delay (n= 500)a Normal (n= 3531)

Maternal age (years) 26.8 ± 3.5 27.4 ± 3.3 26.6 ± 3.7 <0.001

Maternal education

Middle school and below 377 (9.4) 65 (13.0) 312 (8.8) 0.008

High school 392 (9.7) 43 (8.6) 349 (9.9)

University and above 3184 (79.0) 379 (75.8) 2805 (79.4)

Missing# 78 (1.9) 13 (2.6) 65 (1.9)

Father’s education

Middle school and below 375 (9.3) 72 (14.4) 303 (8.6) <0.001

High school 449 (11.1) 66 (13.2) 383 (10.8)

University and above 3104 (77.0) 345 (69.9) 2759 (78.1)

Missing# 103 (2.6) 17 (3.4) 86 (2.5)

Gestation week (weeks) 38.8 ± 1.3 37.8 ± 2.1 38.9 ± 1.1 <0.001

Maternal hypertensive disorders

None 3669 (91.0) 432 (86.4) 3237 (91.7) 0.001

Chronic hypertension 88 (2.2) 19 (3.8) 69 (2.0)

Gestational hypertension 233 (5.8) 40 (8.0) 193 (5.4)

Preeclampsia−eclampsia 41 (1.0) 9 (1.8) 32 (0.9)

Maternal active or passive smoking

No 3835 (95.1) 465 (97.7) 3370 (98.2) 0.418

Yes 72 (1.8) 11 (2.3) 61 (1.8)

Missing# 124 (3.1) 24 (4.8) 100 (2.8)

Folic acid supplementation

Yes 2185 (54.2) 275 (55.0) 1910 (54.1) 0.703

No 1846 (45.8) 225 (45.0) 1621 (45.9)

Birth weight (g) 3300.4 ± 456.9 3024.6 ± 586.5 3339.5 ± 421.2 <0.001

Sex of child (n, %)

Male 2246 (55.7) 275 (55.0) 1971 (55.8) 0.730

Female 1785 (44.3) 225 (45.0) 1560 (44.2)

Model of delivery

Natural 989 (24.5) 127 (25.4) 862 (24.4) 0.631

Cesarean 3042 (75.5) 373 (74.6) 2669 (75.6)

Asphyxia neonatorum

Yes 9 (0.2) 4 (0.8) 5 (0.1) 0.004

No 4022 (99.8) 496 (99.2) 3526 (99.9)

#P values chi-square test are calculated based on available data, not including “Missing” data.
aNeurodevelopmental delay was defined as the delay at least on one domain. Of the 500 neurodevelopment delay, 487 infants with development quotient
between 70 and 85, and 13 infants below 70 on one domain or more domains.
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−eclampsia. Mean value of mothers’ age was 26.8 ± 3.5 years,
while 79.0% of the mothers’ and 77.0% of the fathers’ education
level was university and above, 54.2% of the mother had folic acid
supplementation before pregnancy, 1.8% of the mother had
passive smoking exposure during the pregnancy. The mean
gestation week of the infants was 38.8 ± 1.3, 55.7% of the infants
were male and 75.5% were delivery by cesarean, the birth weight
was 3300.4 ± 456.9 g; 99.8% of them had no asphyxia neonatorum.
According to the diagnosis criteria for the Chinese version of
Gesell Developmental Schedule, 500 (12.4%) infants were
classified into neurodevelopmental delay. There were significant
associations of neurodevelopmental delay with maternal age,
gestation week, father and mother’s educational level, birth
weight, asphyxia neonatorum, and maternal hypertensive
disorders.

Development quotient and maternal hypertensive disorders
Tables 2 and 3 showed the infant’s developmental quotient and
its associations with maternal HDP and its different types. One-
way ANOVA found significant differences in development
quotient on fine motor (F= 9.226, p < 0.001), adaptability

(F= 6.767, p < 0.001), language (F= 2.819, p= 0.038) and social
behavior (F= 7.651, p < 0.001) among different types of
hypertensive diseases. Generalized linear model analyses
demonstrated a negative linear relationship between chronic
hypertension and development quotient on fine motor
(β=−3.32, 95% CI: −6.33 to −0.31), adaptability (β=−2.87,
95% CI: −5.31 to −0.43), language (β=−1.23, 95% CI: −2.12
to −0.34) and social behavior (β=−2.53, 95% CI: −4.96
to −0.37). But gestational hypertension was only significantly
associated with decreasing development quotient on social
behavior (β=−1.42, 95% CI: −2.03 to −0.81). T test also found
significant differences in development quotient on fine motor,
adaptability, language and social behavior between infants
whose mother had or not had maternal hypertensive disorders.
However, negative linear relationship was only found between
maternal hypertensive disorders and social behavior (β=−1.76,
95% CI: −2.43 to −1.09). In the sensitivity analysis in which
gestational hypertension and preeclampsia were merged as a
group (Table 3), maternal hypertensive disorders were only
found associated with decreasing development quotient on
social behavior (β=−1.27, 95% CI: −1.91 to −0.63).

Table 2. Association between maternal hypertensive disorders and offspring’s development quotient.

Neurodevelopment assessment dimensions M ± SD P* β1a (95% CI) P β2b (95% CI) P

Gross motor development quotient

None 95.6 ± 22.3 0.548 Reference Reference

Maternal hypertensive disorders 93.8 ± 25.8 −1.79 (−3.65 to 0.07) 0.089 −1.39 (−2.96 to 0.18) 0.112

Chronic hypertension 93.2 ± 21.6 0.452 −2.43 (−3.19 to −1.67) <0.001 −1.73 (−3.66 to 0.21) 0.263

Gestational hypertension 94.1 ± 27.8 −1.51 (−3.69 to 0.69) 0.102 −1.51 (−3.98 to 0.97) 0.093

Preeclampsia−eclampsia 98.6 ± 25.4 3.04 (0.46−5.62) <0.001 1.27 (−1.79 to 4.33) 0.156

Fine motor development quotient

None 108.4 ± 35.5 <0.001 Reference Reference

Maternal hypertensive disorders 101.5 ± 28.9 −6.89 (−9.93 to 3.85) <0.001 −1.42 (−3.07 to 0.23) 0.812

Chronic hypertension 91.4 ± 20.5 <0.001 −16.67 (−26.58 to −6.76) <0.001 −3.32 (−6.33 to −0.31) 0.019

Gestational hypertension 103.4 ± 29.9 −4.98 (−8.32 to −1.64) <0.001 −0.67 (−3.13 to 1.79) 0.815

Preeclampsia−eclampsia 99.8 ± 26.8 −8.59 (−14.36 to −2.82) <0.001 −1.19 (−3.15 to 0.77) 0.109

Adaptability development quotient

None 104.1 ± 27.8 <0.001 Reference Reference

Maternal hypertensive disorders 93.6 ± 22.9 −10.48 (−17.45 to −3.51) <0.001 −1.38 (−2.92 to 0.16) 0.086

Chronic hypertension 83.8 ± 24.7 <0.001 −20.33 (−33.21 to −7.45) <0.001 −2.87 (−5.31 to −0.43) 0.026

Gestational hypertension 94.7 ± 21.9 −9.43 (−13.89 to −4.97) <0.001 −1.14 (−3.26 to 0.98) 0.102

Preeclampsia−eclampsia 86.7 ± 21.3 −17.37 (−30.57 to −4.17) <0.001 −2.13 (−4.53 to 0.37) 0.116

Language development quotient

None 94.7 ± 21.9 <0.001 Reference Reference

Maternal hypertensive disorders 83.9 ± 22.7 −10.78 (−16.49 to −5.07) <0.001 −1.12 (−3.43 to 1.19) 0.577

Chronic hypertension 82.9 ± 25.7 0.038 −11.84 (−16.42 to −7.26) <0.001 −1.23 (−2.12 to −0.34) 0.023

Gestational hypertension 85.8 ± 22.5 −8.87 (−13.52 to −4.22) <0.001 −1.08 (−2.38 to 0.22) 0.649

Preeclampsia−eclampsia 82.6 ± 26.4 −12.06 (−19.63 to −4.49) <0.001 −1.29 (−3.16 to 0.58) 0.473

Social behavior development quotient

None 91.9 ± 23.3 <0.001 Reference Reference

Maternal hypertensive disorders 84.6 ± 21.7 −7.28 (−12.86 to −1.71) <0.001 −1.76 (−2.43 to −1.09) <0.001

Chronic hypertension 70.7 ± 18.8 <0.001 −21.18 (−30.43 to −11.93) <0.001 −2.53 (−4.69 to −0.37) <0.001

Gestational hypertension 87.9 ± 22.3 −4.04 (−5.69 to −2.39) <0.001 −1.42 (−2.03 to −0.81) 0.006

Preeclampsia−eclampsia 89.3 ± 13.6 −2.58 (−4.17 to −0.99) <0.001 −1.31 (−3.66 to 1.04) 0.334

*There are a t test and an ANOVA; we use maternal hypertensive disorders as entity variable in t test.
aTwo generalized linear models for each domain, one of them use maternal hypertensive disorders as entity variable. Unadjusted model.
bTwo generalized linear models for each domain, one of them use maternal hypertensive disorders as entity variable. Adjusted for maternal demographic
factors (maternal age, gestational weeks, education level of parents), prenatal factors (maternal smoking and drinking, folic acid supplementation) and
perinatal factors (delivery model, asphyxia neonatorum, birth weight) in all generalized linear model analysis.
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Neurodevelopmental diagnosis and maternal hypertensive
disorders
The impact of maternal HDP and its different types on
neurodevelopmental diagnosis is shown in Tables 4 and 5. The
infants whose mothers had maternal hypertensive diseases were
more likely to be diagnosed as neurodevelopmental delay;
significant differences were found in fine motor (χ2= 15.770,
p= 0.001), adaptability (χ2= 34.865, p < 0.001), language (χ2=
32.819, p < 0.001) and social behavior (χ2= 8.868, p= 0.031). After
controlling for maternal demographic factors, prenatal factors,
perinatal factors, chronic hypertension remained to have
increased the risk of neurodevelopmental delay on fine motor
(OR= 1.85, 95% CI: 1.19−2.89), adaptability (OR= 2.32, 95% CI:
1.42−3.78), language (OR= 2.86, 95% CI: 1.74−4.70), and social
behavior (OR= 2.13, 95% CI: 1.73−2.59). However, the impact of
gestational hypertension and preeclampsia−eclampsia on neuro-
developmental delay was not significant. Sensitivity analysis also
indicated that the impact of maternal hypertensive disorders on
neurodevelopmental delay was not significant when we merged
gestational hypertension and preeclampsia−eclampsia as a group.

DISCUSSION
Main findings
The present study examined a large-scale cohort data of mother
−infant in China to investigate the association of maternal
HDP with offspring’s neurodevelopment at an early age. The
findings indicated that maternal chronic hypertension was
significantly associated with development quotient and neurode-
velopmental diagnosis on fine motor, adaptability, language and
social behavior, while gestational hypertension was only
significantly associated with development quotient on social
behavior. Our study findings are different from those in previous
studies.9–14

Interpretation
It has been widely reported that maternal hypertensive disorders
may result in inadequate fetal nutrition, hypoxia, systemic
inflammation, or overexposure to maternal glucocorticoids.28,29

However, the impact of maternal HDP on neurodevelopment at an
early age has been poorly understood.9–16 Although several
studies have examined the impact of maternal HDP on
neurodevelopment at preschool age child,9–16 their findings were
not consistently reported and had various limitations. Four studies
have reported that preeclampsia have negative effect on offspring
neurodevelopment,9–11,15 and two of them without adjust-
ment.9,11 However, some studies reported there was no associa-
tion of HDP with offspring’s neurodevelopment at preschool
age.12,13,16 For example, Krakowiak et al. found that maternal
hypertension was not associated with developmental delay of
preschool-aged child (OR= 3.58, 95% CI: 0.93−13.78), although
maternal metabolic conditions may be broadly associated with
developmental delay in children compared with maternal
who were free of metabolic conditions (OR= 2.35, 95% CI:
1.43−3.88).16 Two other studies conducted in Australia also
reported that maternal HDP have no impacts on children’s neuro
and behavior development at an early age,12,13 although both of
these two studies failed to define the cases clearly, which may
lead to underestimating of the impacts of maternal hypertensive
disorders. In the present study, we found that not all types of
maternal hypertensive diseases had impacts on offspring’s
neurodevelopment at early age, which indicated that maternal
hypertensive diseases have different impacts and/or mechanisms
model on offspring’s neurodevelopment.
Clinicians and the masses have been deeply aware that chronic

hypertension contributes to both development and progression of
cerebrovascular disease and cognitive decline.30 However, no
study, to date, has explored the impacts of maternal chronic
hypertension on offspring’s neurodevelopment at an early age. As

Table 3. Sensitivity analysis of association between maternal hypertensive disorders and offspring’s development quotient (adjusted for maternal
demographic factors (maternal age, gestational weeks, education level of parents), prenatal factors (maternal smoking, folic acid supplementation)
and perinatal factors (delivery model, asphyxia neonatorum, birth weight)).

Neurodevelopment assessment dimensions M ± SD P βa 95% CIs P

Gross motor development quotient

None 95.6 ± 22.3 0.606 Reference

Chronic hypertension 93.2 ± 21.6 −1.73 −3.66 to 0.21 0.263

Gestational hypertension and preeclampsia−eclampsia 95.3 ± 26.1 −0.49 −1.34 to 0.36 0.227

Fine motor development quotient

None 108.4 ± 35.5 <0.001 Reference

Chronic hypertension 91.4 ± 20.5 −3.32 −6.33 to −0.31 0.019

Gestational hypertension and preeclampsia−eclampsia 101.3 ± 27.6 −1.28 −2.78 to 0.22 0.145

Adaptability development quotient

None 104.1 ± 27.8 <0.001 Reference

Chronic hypertension 83.8 ± 24.7 −2.87 −5.31 to −0.43 0.026

Gestational hypertension and preeclampsia−eclampsia 92.4 ± 21.6 −1.48 –3.14 to 0.18 0.077

Language development quotient

None 94.7 ± 21.9 <0.001 Reference

Chronic hypertension 82.9 ± 25.7 −1.23 −2.12 to −0.34 0.023

Gestational hypertension and preeclampsia−eclampsia 84.6 ± 24.3 −1.15 −2.54 to 0.24 0.064

Social behavior development quotient

None 91.9 ± 23.3 <0.001 Reference

Chronic hypertension 70.7 ± 8.85 −2.53 −4.69 to −0.37 <0.001

Gestational hypertension and preeclampsia−eclampsia 88.5 ± 20.5 −1.27 −1.91 to −0.63 0.019

aAdjusted for maternal demographic factors (maternal age, gestational weeks, education level of parents), prenatal factors (maternal smoking, folic acid
supplementation) and perinatal factors (delivery model, asphyxia neonatorum, birth weight).
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far as we are concerned, the present study is the first to provide
evidences on the impact of maternal chronic hypertension on the
intelligence developmental outcomes of offspring at infancy. The
most striking finding of this study was that maternal chronic
hypertension mainly effected the development of fine motor,
adaptability, language and social behavior at infancy, which
suggested that the long-term and specific effects of maternal
hypertensive disease could be more pronounced. This evidence
was supported by some long-term follow-up studies; for example,
Robinson and colleagues have conducted a prospective study
which followed up the children at age 2, 5, 8, 10, and 14 years, and
found that children of women with gestational hypertension were
shown to have poorer behavior from 8 years on. Additionally,
maternal chronic hypertension has an earlier and more lasting
effect on neurodevelopment on children’s fine motor, adaptability,
language and social behavior, which was similar with the previous
study.31

The present study had not found significant associations
between gestational hypertension and/or preeclampsia and
offspring’s neurodevelopment except for social behaviors, which

was similar with some previous studies but contradicted with
other studies. Five studies have examined the association between
gestational hypertension and cognitive outcomes of the offspring
in child during 2012−2014; three of them reported associations
but one reported lack of association.9,15,32–34 Some reasons may
contribute to those inconsistent conclusions.
First, it is reported that gestational hypertension and pre-

eclampsia−eclampsia may affect fetal brain development, speci-
fically the development of behavior inhibition.31 However, this
kind of effect may be latent to the age when most children have
established more firm behavioral control. As such, the time of
assessing neurodevelopment can effect this association, although
effect of gestational hypertension and preeclampsia may start
from the fetal period.35 Robinson et al. also reported that a
significant relationship between gestational hypertension and
behavior was not observed until the age of 8 years.31

Second, gestational hypertension and preeclampsia−eclampsia
may lead to premature delivery and even abortion; thus, the
recruited offspring may be hardly representative. The results
may be also associated with the number of gestational

Table 4. Association between maternal hypertensive disorders and offspring’s neurodevelopmental diagnosis.

Neurodevelopment assessment dimensions Neurodevelopment (N, %) Pa ORsb 95% CIs P

Delay Normal

Gross motor development

None 301 (8.2) 3368 (91.8) 0.336 Reference

Maternal hypertensive disorders 35 (9.7) 327 (90.3) 0.94 (0.78−1.11) 0.312

Chronic hypertension 8 (9.1) 80 (90.9) 0.490 0.97 (0.58−1.62) 0.903

Gestational hypertension 21 (9.0) 212 (91.0) 0.88 (0.64−1.21) 0.422

Preeclampsia−eclampsia 6 (14.6) 35 (85.4) 1.63 (0.84−3.16) 0.149

Fine motor development

None 314 (8.6) 3355 (91.4) 0.001 Reference

Maternal hypertensive disorders 50 (13.8) 312 (86.2) 1.32 (0.97−1.67) 0.174

Chronic hypertension 15 (17.0) 73 (83.0) 0.002 1.85 (1.19−2.89) 0.007

Gestational hypertension 27 (11.6) 206 (88.4) 1.19 (0.89−1.59) 0.246

Preeclampsia−eclampsia 8 (19.5) 33 (80.5) 1.62 (0.85−3.09) 0.141

Adaptability development

None 368 (10.0) 3301 (90.0) <0.001 Reference

Maternal hypertensive disorders 63 (16.8) 299 (83.2) 0.95 (0.73−1.17) 0.142

Chronic hypertension 18 (20.5) 70 (79.5) <0.001 2.32 (1.42−3.78) 0.001

Gestational hypertension 38 (16.3) 195 (83.7) 0.87 (0.66−1.13) 0.295

Preeclampsia−eclampsia 7 (17.1) 34 (82.9) 0.86 (0.32−1.12) 0.109

Language development

None 328 (8.9) 3341 (91.1) <0.001 reference

Maternal hypertensive disorders 54 (14.9) 308 (85.1) 1.03 (0.82−1.22) 0.227

Chronic hypertension 16 (18.2) 72 (81.8) 0.001 2.86 (1.74−4.70) <0.001

Gestational hypertension 30 (12.9) 203 (87.1) 0.87 (0.67−1.14) 0.309

Preeclampsia−eclampsia 8 (19.5) 33 (80.5) 0.88 (0.81−1.10) 0.146

Social behavior development

None 313 (8.5) 3356 (91.5) <0.001 Reference

Maternal hypertensive disorders 52 (14.4) 310 (85.6) 1.21 (0.92−1.51) 0.133

Chronic hypertension 18 (20.5) 70 (79.5) <0.001 2.13 (1.73−2.59) <0.001

Gestational hypertension 28 (12.0) 205 (88.0) 0.90 (0.86−1.05) 0.272

Preeclampsia−eclampsia 6 (14.6) 35 (85.4) 0.89 (0.84−1.06) 0.165

aThere are two chi-square tests in each domain; one of them use maternal hypertensive disorders as entity variable.
bTwo binary logistic regression models for each domain; one of them use maternal hypertensive disorders as entity variable. Adjusted for maternal
demographic factors (maternal age, gestational weeks, education level of parents), prenatal factors (maternal smoking, folic acid supplementation) and
perinatal factors (delivery model, asphyxia neonatorum, birth weight) in all binary logistic regression model analysis.
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hypertension/preeclampsia−eclampsia cases, which may draw a
conclusion by chance if the number is small.36

Third, results from other studies have also suggested that in
relation to neurodevelopment, gestational hypertension and
preeclampsia may be conceptually dissimilar predictors,37 as the
latter is a disease driven by immunological maladaptation with
vascular and genetic components,38 while the former is a milder
transient condition that may be operated through other mechan-
isms, which may include maternal mental health status or
maternal obesity.39 Additionally, antihypertensive agents pre-
scribed to the mother may also impact offspring’s neurodevelop-
ment, although a number of agents have been shown to have no
significant adverse fetal outcomes.40

Strength and limitations
The main strength of this study was the use of a large cohort that
provided detailed data collected from 12 weeks of gestation and
prospectively throughout 0.5-year-old newborn, thus allowing for
multiple analysis of risk factors of offspring’s neurodevelopment.
Additionally, in this study, it is possible to distinguish different
subtypes of maternal hypertensive disorders such as maternal
chronic hypertension, gestational hypertension and preeclampsia,
so that their different effects on neurodevelopment can be
evaluated. What is more, we are able to adjust the potential
confounding factors that may influence infants’ neurodevelop-
ment, which make the results of our study more reliable. However,
several limitations also need to be addressed. First, neurodevelop-
ment is a long-term process and neurodevelopmental delay could
not be discovered when the follow-up time is not long enough;
therefore, we assessed neurodevelopment at 0.5 year of age may
underestimate the association between maternal hypertensive
disorders and offspring’s neurodevelopment. Additionally, this
study was conducted in the biggest tertiary hospital for women

and children in Wuhan, where the cesarean delivery rate and the
maternal educational level were relatively high, both of which
might limit the generalization of our findings. The other limitation
is that data on medication for maternal hypertension disorders
were not collected in the present study, which may overestimate
or underestimate the strength of the association between
maternal hypertension disorders and the offspring’s neurodeve-
lopment.39,40 As noted above, continued follow-up of the present
cohort and the collection of more related information will
determine whether maternal HDP is a risk factor for offspring’s
neurodevelopment.

CONCLUSION
Different types of maternal HDP have different effects on
offspring’s neurodevelopment; distinguishing different types of
maternal HDP is essential for pregnancy and child healthcare.
Maternal chronic hypertension has greater effect on neurodeve-
lopment in the offspring at the age of 0.5 year. Longer follow-up
and study on pathogenic mechanism are essential to provide
more evidence on how maternal HDP affect offspring’s neurode-
velopment. These findings also highlight the need for greater
pediatric surveillance of infants whose mother are exposed to
HDP, to allow early intervention that may help to improve
neurodevelopmental outcome.
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