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Context: Maternal hypertensive disorders during pregnancy are suggested to affect obesity risk in
offspring. However, little is known about the prospective association of rise in maternal blood
pressure within normal range during pregnancy with this risk for obesity.

Objective: To clarify the associations of diastolic and systolic blood pressure during pregnancy
among normotensive women with the risk for obesity in offspring.

Design: Prospective cohort study.

Setting: Southeast China.

Participants:Up to 2013, a total of 88,406mother-child pairs with anthropometric measurements of
offspring age 4 to 7 years were included in the present analysis.

Main Outcome Measures: Overweight/obesity risk in offspring.

Results:Amongnormotensivewomen, second- and third-trimester diastolic and systolic bloodpressures
werepositively associatedwith risk foroverweight/obesity inoffspring: odds ratiosper10–mmHghigher
second- and third-trimester diastolic bloodpressurewere 1.05 [95%confidence interval (CI), 1.01 to 1.09]
and 1.05 (95% CI, 1.02 to 1.10), respectively, and for systolic blood pressure were 1.08 (95% CI, 1.05 to
1.11) and 1.06 (95% CI, 1.03 to 1.09). Each 10–mm Hg greater rise in blood pressure between first and
third trimesterswasassociatedwithahigher risk foroffspringoverweight/obesity: diastolic, 1.06 (95%CI,
1.01 to 1.10); systolic, 1.05 (95% CI, 1.02 to 1.07). Among all women (combining normotensive and
hypertensive women), maternal hypertension in the second and third trimesters was associated with
49% and 14% higher risks for overweight/obesity in offspring, respectively.

Conclusions: These results suggest that rise in maternal blood pressure during pregnancy and
hypertension during pregnancy, independent of maternal body size before pregnancy, are risk
factors for offspring childhood obesity. (J Clin Endocrinol Metab 102: 4315–4322, 2017)
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The prevalence of childhood obesity has increased
globally during the past 2 decades, especially among

developing countries, such as China. In 2010, the age-
adjusted prevalence of obesity and overweight/obesity
was 8.1% and 19.2%, respectively (by percentage
weight-for-height standards), among Chinese children
age 7 to 18 years in the Chinese National Surveys on
Students’ Constitution and Health (1). There is strong
evidence that childhood obesity is associated with many
related health problems in adulthood, including obesity,
type 2 diabetes, and cardiovascular disease (2). In ad-
dition, childhood obesity leads to many childhood and
adolescent comorbidities, such as hypertension, early
puberty, menstrual irregularities, polycystic ovary syn-
drome, and asthma (3). To curb the epidemic of the
childhood obesity, it is crucial to identify its potential risk
factors as potential targets for prevention. Thus far, a
variety of risk factors for childhood obesity have been
identified, including parental obesity, birthweight, rapid
weight gain during infancy, breastfeeding, short sleeping
duration of the children, and genetic variations (3, 4).
However, little is known about the role of maternal
pregnancy blood pressure (BP) in the development of
offspring overweight and obesity in childhood.

Hypertensive disorders during pregnancy (including
preeclampsia and gestational hypertension) are associ-
ated with impaired fetal growth and higher risk for
multiple adverse birth outcomes (5, 6) and are weakly
associated with higher offspring body mass index (BMI)
or obesity risk in later life (7, 8). Although a few studies
have reported the association of pregnancy BP with ad-
verse birth outcomes (5, 9–11), to the best of our
knowledge no studies have examined the prospective
association of maternal BP in a general population of
pregnant women with risk for obesity in offspring. In
addition, little is known about the association of change
in BP during pregnancy with this risk. Because hyper-
tensive disorders of pregnancy affect only ,10% of
pregnancies (12), investigation of the influence of BP
during pregnancy on the risk for obesity in offspring
among most pregnant women without hypertensive
disorders is potentially of greater impact. Given the in-
creasing public health concerns about childhood obesity,
it is of interest to examine whether maternal pregnancy
BP is an independent risk factor for offspring obesity. If
established, it may further our understanding of the
etiology of childhood obesity and inform relevant pre-
vention strategies.

Therefore, the primary aim of the current study was to
investigate the association between repeated measures of
maternal BP during pregnancy (in the first, second, and
third trimesters) with risk for offspring overweight/obesity

at preschool ages among normotensive women in the
Jiaxing Birth Cohort, China.

Participants and Methods

Study design and participants
The Jiaxing Birth Cohort (JBC) (1999 to 2013) was initiated

in 1999 based on an existing routine health monitoring system
in the Jiaxing area (a middle-income area in southeast China),
involving .0.3 million live mother-child pairs with extensive
follow-up information of the children up to age 6 to 7 years
before they started school (13).Women living at one of the seven
divisions/counties in the Jiaxing area came to register at local
clinics before pregnancy or at any stage of pregnancy. There-
after, participants came to visit the local clinics regularly until
the birth (16 to 28 gestational weeks: once every 4 weeks; 29 to
36 gestational weeks: once every 2 weeks; .36 gestational
weeks: once per week). Up to 2013, a total of 338,413 live
mother-child pairs were enrolled in the JBC study. For partic-
ipants who registered in the JBC study during pregnancy, their
prepregnancy anthropometric measurements were retrieved by
linking to a premarriage health check database held by the
Jiaxing Maternity and Child Health Care Hospital.

Children enrolled in the JBC study visited (with their parents)
the local clinics for health checks and anthropometric mea-
surements at ages 1 to 2months, 3 months, 6months, 9months,
and 12 months during infancy. In the following stage, children
visited the local clinics every 6 months (18, 24, 30, and
36 months) until age 36 months. Thereafter, children were
asked to visit the clinics once per year before they started school
(age 6 to 7 years).

Between 1999 and 2006, a total of 134,680 mother-child
(singleton) pairs were enrolled in the JBC study. Mother-child
pairs were excluded if they had extreme offspring birthweight
(,1500 g or.5000 g; n = 85) or preterm birth (,37 gestational
weeks; n = 4425), or no maternal BP record at any of the first,
second, or third trimesters (n = 426). Therefore, at baseline,
129,744 mother-child pairs were included in the current study.
Up to 2013, 89,185 children had follow-up information be-
tween ages 4 to 7 years (68.7% follow-up rate). For children
with multiple follow-ups between 4 and 7 years of age, the later
follow-up visit data were used to maximize the follow-up du-
ration. Children were excluded if they had any missing data on
anthropometric measurements (height or weight) at the follow-
up visit at ages 4 to 7 years (n = 779). Finally, 88,406 mother-
child pairs were included in the statistical analyses. The study
protocol was approved by the ethics committee of the College of
Biosystem Engineering & Food Science at Zhejiang University
in China. All participants provided oral informed consent.

Measurement of maternal BP and other
key variables

At each clinic visit, seated maternal BP was measured by
manual BPmonitors in the right arm on a single occasion after 5
to 10minutes of resting. At each of the three trimesters,maternal
pregnancy hypertension was defined as diastolic BP (DBP)
$90mmHg and/or systolic blood pressure (SBP)$140mmHg.
Because we could not separate different hypertensive disorders
of pregnancy, such as gestational hypertension or preeclampsia
(14), this definition (maternal pregnancy hypertension) represents
a combination of hypertensive disorders of pregnancy. BP
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measurements at the first health check (0 to 12 gestational
weeks) were considered as first-trimester BP. BPmeasurements
at a later health check between 13 and 28 gestational weeks were
considered as second-trimester BP. BP measurements at a health
check around 37 gestational weeks ($29 gestational weeks) was
considered as third-trimester BP.

At the first health check/recruitment of the participants,
maternal demographic characteristics were collected by inter-
view. Maternal anthropometric measurements (weight, height)
were taken on site by trained nurses. Maternal BMI was based
on prepregnancy (n = 43,831) or first-trimester measurements
(n = 36,491).

Offspring anthropometric assessment
Body weight and height of the children were measured by

trained nurses to the nearest 0.1 kg and 0.1 cm, respectively, at
each o follow-up clinic visit. Childhood overweight and obesity
were defined according to the international BMI cutoff points
by age and sex, as established by the International Obesity Task
Force (15).

Statistical analyses
All statistical analyses were performed using Stata software,

version 14 (Stata Corp., College Station, TX). Initially, logistic
regression was used to examine the odds ratio (OR) and 95%
confidence interval (CI) of offspring overweight/obesity per
10–mm Hg higher maternal DBP and SBP at first, second, and
third trimesters among normotensive women in three statistical
models: model 1, crude model without adjustment; model 2,
adjusted for maternal age (continuous), menarcheal age
(,14 years, 14 to 15 years, .15 years), education level (less
than high school, high school, more than high school), occu-
pation (farm work/house work, routine job, others), parity
(primiparous ormultiparous), offspring sex and offspring age at
examination (continuous); and model 3, model 2 plus maternal
BMI (continuous) and maternal height (continuous). We in-
cluded maternal BMI and height in model 3 to examine the
influence of maternal body size on the results in addition to
other covariates. Sensitivity analyses were conducted under
model 3 by adopting further potential confounders or inclusion
criteria: model 3a used additional covariates: maternal baseline
self-reported smoking and drinking status, and family history of
hypertension; model 3b included only women with prepreg-
nancy BMI data; and model 3c included all women with and
without hypertensive disorders.

Consequently, we examined (based on model 3) the fol-
lowing: (1) the association between change in BP (per 10–mm
Hg rise) during pregnancy with childhood overweight/obesity
risk among normotensive women and among all women,
adjusting for potential confounders; (2) the association between
maternal hypertension during pregnancy at each of the three
trimesters with risk for offspring overweight/obesity, adjusting
for potential confounders; and (3) fetal growth as a potential
mediator, for which we explored the association of maternal BP
(per 10–mm Hg increase) with offspring birthweight (contin-
uous) among normotensive women, and the difference in
birthweight between hypertensive and normotensive women.

To explore potential nonlinear relationships, we examined
the association (based on model 3) of maternal DBP and
SBP at each trimester with overweight/obesity risk, or off-
spring birthweight, using restricted cubic spline models [four
knots, according to Harrell’s recommendation (16)] among all

participants, including both hypertensive and normotensive
women. Four knots offer an adequate fit of the model and are a
good compromise between flexibility and loss of precision
caused by overfitting (16). There was no substantial difference
in the shape or nonlinear association when we selected three or
five knots.

Interaction between different pregnancy BP and different
maternal/infant characteristics (maternal age, BMI, menarcheal
age, and offspring sex) on risk for offspring overweight/obesity
was examined by adding relevant interaction terms to model 3.
We further examined potential meditation by birthweight, and
the proportion (% of total effect) mediated by birthweight using
the method proposed by Kenny (17). The binary_mediation
command in Stata was used to estimate the mediation effect
for our dichotomous outcome (overweight/obesity compared
with normal weight), and bias-corrected 95% CI was cal-
culated via bootstrapping with 500 replications (18). A two-
tailed P value, 0.05 was considered to indicate a statistically
significant difference.

Results

Population characteristics
The mean maternal age at birth of offspring was

25 years [standard deviation (SD), 3.7] andmeanmaternal
BMI was 20.5 kg/m2 (SD, 2.6). Mean maternal DBP in-
creased from 68.4 to 69.1 to 75.3 mm Hg in the first,
second, and third trimesters, respectively; similarly, SBP
increased from 105.9 to 108.7 to 115.2 mm Hg (Sup-
plemental Fig. 1). Mean gestational age at BP measure-
ment in the first, second, and third trimesters was
9.3 weeks (SD, 2.8), 26.4 weeks (SD, 1.8), and 38.7 weeks
(SD, 1.1), respectively. Among the children who were
followed up at age 4 to 7 years [mean age, 5.9 years (SD,
0.7)], 9.1%were overweight (6.6%) or obese (2.5%). The
proportion of children who were overweight/obese was
higher amongmothers who had younger age, higher BMI,
earlier menarcheal age, higher education levels, a routine
job, a first pregnancy, or caesarean delivery and in male
offspring (Table 1).

Maternal BP during pregnancy and offspring
overweight/obesity at childhood

Among normotensive women, apparent positive
associations between first-trimester BP and risk for
overweight/obesity in offspring were attenuated on ad-
justment for mother’s BMI and height (model 3). By
contrast, second- and third-trimester maternal DBP and
SBP were positively associated with risk for offspring
overweight/obesity: third-trimester DBP: OR per 10–mm
Hg increase, 1.05 (95% CI, 1.01 to 1.10); third-trimester
SBP: OR, 1.06 (95%CI, 1.03 to 1.09) in adjusted models
(model 3) (Fig. 1, Table 2). Similarly, maternal hyper-
tension in first trimester was not associated with offspring
risk for overweight/obesity, whereas hypertension in the
second (OR, 1.49; 95% CI, 1.18 to 1.89) and third (OR,
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1.14; 95% CI, 1.05 to 1.25) trimesters was associated
with higher risk for offspring overweight/obesity (Fig. 2).
Across both normotensive and hypertensive women, the
associations betweenmaternal BP and offspring overweight/
obesity risk appeared to be largely linear or J-shaped
(Supplemental Fig. 2). In sensitivity analyses, excluding
women without prepregnancy BMI slightly attenuated the
association only with third-trimester DBP (Supplemental

Table 1). No interaction was observed between DBP and
SBP with any maternal characteristic.

Changes in DBP and SBP from the first to the
third trimester among normotensive women were posi-
tively associated with risk for offspring overweight/
obesity: DBP: OR per 10– mm Hg rise: 1.06 (95%
CI, 1.02 to 1.10); SBP: OR, 1.05 (95% CI, 1.02 to
1.07) (Fig. 3). Across adjacent trimesters, BP changes

Table 1. Maternal and Offspring Characteristics by Offspring Adiposity Status at Age 4 to 7 Years in the
JBC (n = 88,450)

Characteristic Participants (n)
Offspring Without

Overweight/Obesity (n = 80,366)
Offspring With

Overweight/Obesity (n = 8084)

Maternal age
#25 y 54,427 90.7 9.3
26–30 y 23,146 90.5 9.5
31–35 y 9987 92.3 7.7
$36 y 857 92.0 8.0

Maternal BMI
,18.5 kg/m2 16,362 94.7 5.3
18.5–24.9 kg/m2 60,057 90.5 9.5
25–29.9 kg/m2 3421 81.4 18.6
$30 kg/m2 482 80.1 19.9

Maternal menarcheal age
,14 y 12,286 88.3 11.7
14–15 y 51,556 90.8 9.2
.15 y 24,275 92.3 7.7

Maternal education
,high school 66,928 91.5 8.5
High school 15,637 88.7 11.3
.high school 5813 88.9 11.1

Maternal occupation
Farm work/housework 59,539 91.6 8.4
Routine job 23,134 89.7 10.3
Others 5703 88.1 11.9

Maternal parity
Primiparous 72,959 90.4 9.6
Multiparous 15,491 93.1 6.9

Cesarean delivery
No 23,758 92.8 7.2
Yes 64,432 90.1 9.2

Offspring sex
Boy 45,654 89.9 10.1
Girl 42,763 91.9 8.1

High BP in first trimester
No 74,175 90.9 9.1
Yes 506 87.4 12.6

High BP in second trimester
No 85,601 90.9 9.1
Yes 704 83.2 16.8

High BP in third trimester
No 80,179 91.1 8.9
Yes 7818 89.0 11.0

Gestational wk 88,273 39.3 (1.12) 39.2 (1.10)
BP (mm Hg)
DBP in first trimester 74,683 68.4 (7.2) 68.9 (7.4)
SBP in first trimester 74,710 105.8 (10) 106.6 (10.3)
DBP in second trimester 86,320 69.0 (7.1) 69.6 (7.4)
SBP in second trimester 86,323 108.6 (10) 109.9 (10.4)
DBP in third trimester 87,993 75.2 (8.6) 76.0 (9.0)
SBP in third trimester 88,002 115.1 (11.4) 116.5 (11.6)

Infant birthweight (g) 88,312 3328.9 (400.6) 3443 (423.8)

High BP was defined as SBP $ 140 mm Hg or DBP $ 90 mm Hg.
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from the second to the third trimesters were positively
associated with risk for offspring overweight/obesity, but
surprisingly, no association was seen with BP change from
the first to the second trimester. In sensitivity analyses,
results were similar in the larger sample that included
hypertensive women (Supplemental Fig. 3).

Potential mediation by birthweight
Among normotensive women, in adjustedmodels, first-

trimester DBP and SBP were inversely associated with
birthweight. By contrast, second- and third-trimester
SBP (Supplemental Fig. 4) and change in SBP between the
first and third trimesters were positively associated with

birthweight (Supplemental Fig. 5). Conversely, maternal
hypertension at each of the three trimesters was associated
with lower birthweight (Supplemental Fig. 6).

Across both normotensive and hypertensive women,
the associations between second- and third-trimester
DBP and SBP and offspring birthweight were nonlinear
(Supplemental Fig. 7). In mediation analyses among
normotensive women, birthweight explained 24.2%,
9.2%, and 5.9% of the associations between second-
trimester SBP, third-trimester SBP, and change in SBP
from first to third trimesters with risk for offspring
overweight/obesity, respectively (Supplemental Table 2).

Discussion

In this large prospective cohort study,we found that higher
second- and third-trimester (but not first-trimester) DBP
and SBP among normotensive women were positively
associated with risk for offspring overweight/obesity. In
addition, changes in DBP and SBP between the first and the
third trimesters were positively associated with risk for
offspring overweight/obesity among normotensive women.
These associations were independent of maternal body size
and were only partially mediated by higher offspring
birthweight. Maternal hypertension in the second and third
trimesters (but not the first trimester) was also positively
associated with risk for offspring overweight/obesity yet
was associated with lower offspring birthweight.

To the best of our knowledge, only a few studies have
examined the prospective association of maternal hy-
pertensive status with risk for offspring overweight/
obesity (7, 8). In the Avon Longitudinal Study of Par-
ents and Children study in the United Kingdom, gesta-
tional hypertension, compared with normotension, was

Figure 1. ORs for offspring overweight/obesity per 10–mm Hg
increase in maternal BP at different pregnancy stages among
normotensive women. Logistic regression was performed, adjusting
for maternal characteristics (age, menarcheal age, education level,
occupation, parity status, corresponding DBP or SBP in the previous
trimesters), offspring sex, age at examination, maternal BMI, and
height.

Table 2. Association Between Maternal BP (per 10–mm Hg Increase) in Each Pregnancy Trimester Among
Normotensive Women With Risk for Offspring Overweight/Obesity at Age 4 to 7 Years

Pregnancy Stages/Model

DBP SBP

Participants (n) OR (95% CI) P Value Participants (n) OR (95% CI) P Value

First trimester
Model 1 74,141 1.10 (1.06–1.14) ,0.001 74,141 1.07 (1.05–1.10) ,0.001
Model 2 73,754 1.12 (1.08–1.16) ,0.001 73,754 1.09 (1.06–1.12) ,0.001
Model 3 73,524 1.03 (0.99–1.07) 0.109 73,524 1.02 (1.00–1.05) 0.106

Second trimester
Model 1 85,559 1.11 (1.08–1.15) ,0.001 85,559 1.13 (1.10–1.16) ,0.001
Model 2 72,898 1.10 (1.06–1.14) ,0.001 72,923 1.12 (1.09–1.16) ,0.001
Model 3 72,675 1.05 (1.01–1.09) 0.02 72,699 1.08 (1.05–1.11) ,0.001

Third trimester
Model 1 80,142 1.11 (1.07–1.15) ,0.001 80,142 1.12 (1.10–1.15) ,0.001
Model 2 66,726 1.08 (1.04–1.13) ,0.001 66,746 1.08 (1.05–1.11) ,0.001
Model 3 66,520 1.05 (1.01–1.10) 0.011 66,539 1.06 (1.03–1.09) ,0.001

The analyses were based onwomenwithout hypertension at each corresponding trimester.Model 1: crudemodel without adjustment.Model 2: adjusted
for maternal characteristics (age, menarcheal age, education level, occupation, parity status, and corresponding DBP or SBP at previous trimesters),
offspring sex, and age at examination. Model 3: model 2 plus maternal BMI and height.
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associated with a 41% (OR, 1.41; 95% CI, 1.02 to 1.95)
higher relative risk for offspring obesity at age 9 years (7).
In addition, a recent meta-analysis and systematic review
suggested that hypertensive disorders of pregnancy were
associated with higher adult offspring BMI and risk for
overweight/obesity (8).

Results from our present study confirm those previous
reports (7, 8), and add evidence that maternal second-
and third-trimester BP are positively associated with risk
for offspring overweight/obesity in women without hy-
pertension. The apparent positive association of first-
trimester BP with childhood overweight/obesity was
explained by confounding due to larger maternal size. In
particular, change in BP during pregnancy, especially
between the second and third trimesters, was positively
associated with offspring adiposity risk. Taken together,
our findings suggest that monitoring and control of the
BP rise from middle to late pregnancy might be impor-
tant, not only for pregnancy outcomes but also for the
prevention of childhood obesity.

There is accumulating evidence that high maternal BP
or hypertensive disorders of pregnancy are associated
with offspring BP (7, 8, 19–21). Epidemiologic studies
unequivocally support the positive association between
body weight and BP and between obesity and hyper-
tension (22). It was hypothesized that adiposity is along
the causal pathway of maternal gestational hypertensive
disorders with high BP in offspring (7). This speculation
needs confirmation in future studies.

The potential effects of pregnancy hypertensive dis-
orders and normal range BP during pregnancy on higher
risk for offspring obesity may involve quite different
mechanisms. Hypertensive disorders of pregnancy are

well-known causes of intrauterine growth restriction (5,
23, 24), and DBP .90 mm Hg (a threshold commonly
used to define hypertensive disorders) is inversely asso-
ciated with birthweight (9). Higher third-trimester um-
bilical artery vascular resistance, a parameter reflecting
the placental dysfunction (25, 26), has been associated
with slower fetal growth and a smaller size at birth but
higher childhood BMI (27). The mechanism linking in-
trauterine growth restriction with later adiposity may in-
clude change in fetal adipose tissue morphology and
metabolism, altered pathway regulating appetite, and
modification of hormone and epigenome in fetus (28).
Therefore, we postulated that hypertensive disorders during
pregnancy may promote childhood overweight/obesity
through its effect on intrauterine growth restriction.

High birthweight is also a well-known risk factor for
of childhood obesity (29). Therefore, we postulated that
among normotensive women, higher birthweight might
mediate the positive association between maternal SBP
and childhood overweight/obesity. However, the re-
lationship between maternal BP and offspring birth-
weight is complex. Our findings that first-trimester BP
was inversely associated with birthweight are consistent
with a recent genetic Mendelian randomization study
indicating a causal fetal growth-restricting effect of ma-
ternal SBP (30). First-trimester BP may be more strongly
correlated with prepregnancy BP and common genetic
determinants of nonpregnancy BP thanmid-pregnancy to
late pregnancy BP. In contrast to first-trimester BP and
hypertensive disorders, normal range maternal BP during
mid-pregnancy to late pregnancy is associated not with

Figure 3. ORs for offspring overweight/obesity per 10–mm Hg
increase in maternal BP during pregnancy among normotensive
women. Logistic regression was performed, adjusting for maternal
characteristics (age, menarcheal age, education level, occupation,
parity status, corresponding DBP or SBP at previous trimesters and
change in DBP or SBP between the previous trimesters (only for the
outcome of change in BP between second and third trimesters),
offspring sex, age at examination, maternal BMI, and height.

Figure 2. Association between maternal hypertension (compared
with normotensive women) at each pregnancy trimester with risk
for offspring overweight/obesity. Logistic regression was performed,
adjusting for maternal characteristics (age, menarcheal age,
education level, occupation, parity status, corresponding
hypertensive status at the previous trimesters), offspring sex,
age at examination, maternal BMI, and height.
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intrauterine growth restriction but with higher offspring
birthweight. Our findings are supported by a previous
large study of 210,814 mother-infant pairs: Maternal
DBP after 34 weeks’ gestation (but not earlier in preg-
nancy) showed an inverted U-shaped relation with
birthweight and perinatal survival, with a maximum
birthweight at a DBP of ~80 mm Hg (9).

Themechanismbehind the positive association between
normal-range BP and higher birth weight is unclear. In
the absence of placental vasculature resistance, increas-
ing maternal BP may be advantageous for placental
blood flow and fetal growth. However, late pregnancy
DBP.80 mmHg appears to be disadvantageous for both
short- and long-termhealth outcomes.That previous study
did not have data on SBP (8). We found that second-
trimester SBP was positively associated with birthweight,
even at above-normal range SBP, and birthweight medi-
ated 24% of the effect of the second-trimester SBP on
childhood overweight/obesity in our analysis. These re-
sults suggested that higher maternal second-trimester
SBP affected risk for offspring overweight/obesity, partly
through increasing birthweight of the children.

The strengths of this study include its large sample size,
prospective design, and high follow-up rate. In addition,
the JBC study has repeated BP measurements at different
stages of pregnancy, and both maternal and offspring
demographic characteristics and lifestyle are well docu-
mented at each visit by trained nurses or doctors. Fur-
thermore, the results of the current study are robust, as
suggested by a variety of sensitivity analyses.

The study has several limitations. First, maternal BP data
are based on a single measurement at each visit. Second, we
were unable to distinguish between gestational hyperten-
sion and preeclampsia due to lack of information on urine
protein. However, our primary aim was to examine BP
among normotensivewomen,with pregnancy hypertension
as a secondary exposure. Third, the JBC study is based on a
single region in southeast China and may not necessarily be
more broadly representative, althoughmany of our findings
are consistent with those seen in other populations. Fourth,
we did not adjust for excess weight gain during pregnancy
due to the heterogeneity of gestational weeks for the weight
measurement among different participants. Fifth, both
birthweight and postnatal weight gain might potentially
mediate the association between maternal BP and offspring
obesity. However, because of limited availability of post-
natal weight data up to 4 years, the mediation analysis
focused only on birthweight. Finally, there may be other
potential confounders in this observational study.

In conclusion, among normotensive women, greater
gestational rises in DBP and SBP were associated with
higher risk for offspring childhood overweight/obesity.
This association was partially mediated by higher

offspring birthweight. These findings provide insights
into the biologic mechanisms linking to childhood obe-
sity. The 5% to 8% increment in the odds of childhood
overweight/obesity corresponding to the higher maternal
BP in the second or third trimester might have important
public health implications for the prevention of child-
hood obesity, given the increasing prevalence of child-
hood obesity in the past decades in China. These findings
also added to the rationale to monitor and limit the BP
rise in mid-pregnancy to late pregnancy.

Acknowledgments

We thank all the participants involved in the Jiaxing Birth
Cohort and all the staff working on the project.

Financial Support: This work is supported by the Na-
tional Basic Research Program of China (973 Program:
2015CB553604), by theNationalNatural Science Foundation of
China (81273054), and by the Ph.D. Programs Foundation of
Ministry of Education of China (20120101110107). J.-S.Z. is
supported by theMarie Skłodowska-Curie Fellowships (701708,
RG82205, SJAI/051). K.K.O. is supported by the Medical Re-
search Council (Unit Programme number MC_UU_12015/2).
The funders have no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Author Contributions: The authors’ responsibilities were
as follows: J.-S.Z., H.L., Y.G., and D.L. contributed to the
research design. J.-S.Z., K.K.O., and D.L. wrote the paper, and
J.-S.Z. performed the statistical analysis for the manuscript.
T.H., Y.H., and F.W. contributed to the interpretation and
revision of the report. All authors contributed toward critical
review of the manuscript during the writing process. All authors
approved the final version of the report.

Current Affiliation: B. Yang’s current affiliation is School
of Public Health, Wenzhou Medical University, Wenzhou
325035, China.

Correspondence and Reprint Requests: Duo Li, PhD, In-
stitute of Nutrition&Health, Qingdao University, 308Ningxia
Road, Qingdao 266071, China. E-mail: duoli@qdu.edu.cn.

Disclosure Summary: The authors have nothing to disclose.

References

1. Sun H, Ma Y, Han D, Pan CW, Xu Y. Prevalence and trends in
obesity among China’s children and adolescents, 1985-2010. PLoS
One. 2014;9(8):e105469.

2. Singh AS, Mulder C, Twisk JW, van Mechelen W, Chinapaw MJ.
Tracking of childhood overweight into adulthood: a systematic
review of the literature. Obes Rev. 2008;9(5):474–488.

3. Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation.
2012;126(14):1770–1779.

4. Reilly JJ, Armstrong J, Dorosty AR, Emmett PM, Ness A, Rogers I,
Steer C, Sherriff A; Avon Longitudinal Study of Parents and
Children Study Team. Early life risk factors for obesity in child-
hood: cohort study. BMJ. 2005;330(7504):1357.

5. Bakker R, Steegers EA, Hofman A, Jaddoe VW. Blood pressure in
different gestational trimesters, fetal growth, and the risk of adverse
birth outcomes: the generation R study. Am J Epidemiol. 2011;
174(7):797–806.

doi: 10.1210/jc.2017-01500 https://academic.oup.com/jcem 4321

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/11/4315/4259054 by guest on 21 August 2022

mailto:duoli@qdu.edu.cn
http://dx.doi.org/10.1210/jc.2017-01500
https://academic.oup.com/jcem


6. Bramham K, Parnell B, Nelson-Piercy C, Seed PT, Poston L,
Chappell LC. Chronic hypertension and pregnancy outcomes:
systematic review and meta-analysis. BMJ. 2014;348:g2301.

7. Geelhoed JJ, Fraser A, Tilling K, Benfield L, Davey Smith G, Sattar
N, Nelson SM, Lawlor DA. Preeclampsia and gestational hyper-
tension are associatedwith childhoodblood pressure independently
of family adiposity measures: the Avon Longitudinal Study of
Parents and Children. Circulation. 2010;122(12):1192–1199.

8. Thoulass JC, Robertson L, Denadai L, Black C, CrillyM, Iversen L,
Scott NW, Hannaford PC. Hypertensive disorders of pregnancy
and adult offspring cardiometabolic outcomes: a systematic review
of the literature andmeta-analysis. J EpidemiolCommunityHealth.
2016;70(4):414–422.

9. Steer PJ, Little MP, Kold-Jensen T, Chapple J, Elliott P. Maternal
blood pressure in pregnancy, birth weight, and perinatal mortality
in first births: prospective study. BMJ. 2004;329(7478):1312.

10. Lim WY, Lee YS, Tan CS, Kwek K, Chong YS, Gluckman PD,
Godfrey KM, Saw SM, Pan A. The association between maternal
blood pressures and offspring size at birth in Southeast Asian
women. BMC Pregnancy Childbirth. 2014;14:403.

11. Macdonald-Wallis C, Tilling K, Fraser A, Nelson SM, Lawlor DA.
Associations of blood pressure change in pregnancy with fetal
growth and gestational age at delivery: findings from a prospective
cohort. Hypertension. 2014;64(1):36–44.

12. Hutcheon JA, Lisonkova S, Joseph KS. Epidemiology of pre-
eclampsia and the other hypertensive disorders of pregnancy.
Best Pract Res Clin Obstet Gynaecol. 2011;25(4):391–403.

13. Zheng JS, Liu H, Jiang J, Huang T, Wang F, Guan Y, Li D. Cohort
profile: The Jiaxing Birth Cohort in China. Int J Epidemiol. 2016;
dyw203.

14. Mammaro A, Carrara S, Cavaliere A, Ermito S, Dinatale A,
Pappalardo EM, Militello M, Pedata R. Hypertensive disorders of
pregnancy. J Prenat Med. 2009;3(1):1–5.

15. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a stan-
dard definition for child overweight and obesity worldwide: in-
ternational survey. BMJ. 2000;320(7244):1240–1243.

16. Harrell FE. Regression Modeling Strategies: with Applications to
Linear Models, Logistic Regression, and Survival Analysis. New
York: Springer; 2001.

17. Kenny DA. Mediation. Available at: http://davidakenny.Net/cm/
mediate.htm. Accessed July 2016.

18. Mooney CZ, Duval RD. Bootstrapping: A Nonparametric Ap-
proach to Statistical Inference. Newbury Park, CA: Sage; 1993.

19. Davis EF, Lazdam M, Lewandowski AJ, Worton SA, Kelly B,
Kenworthy Y, Adwani S, Wilkinson AR, McCormick K, Sargent I,
Redman C, Leeson P. Cardiovascular risk factors in children and
young adults born to preeclamptic pregnancies: a systematic re-
view. Pediatrics. 2012;129(6):e1552–e1561.

20. Fraser A, Nelson SM, Macdonald-Wallis C, Sattar N, Lawlor DA.
Hypertensive disorders of pregnancy and cardiometabolic health in
adolescent offspring. Hypertension. 2013;62(3):614–620.

21. Staley JR, Bradley J, Silverwood RJ, Howe LD, Tilling K, Lawlor
DA, Macdonald-Wallis C. Associations of blood pressure in
pregnancy with offspring blood pressure trajectories during
childhood and adolescence: findings from a prospective study. J Am
Heart Assoc. 2015;4(5):4.

22. Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, Lloyd-Jones D,
Sowers J. Obesity-related hypertension: pathogenesis, cardiovas-
cular risk, and treatment: a position paper of The Obesity Society
and the American Society of Hypertension. J Clin Hypertens
(Greenwich). 2013;15(1):14–33.

23. Ananth CV, Peedicayil A, Savitz DA. Effect of hypertensive diseases
in pregnancy on birthweight, gestational duration, and small-for-
gestational-age births. Epidemiology. 1995;6(4):391–395.

24. Xiong X, Demianczuk NN, Saunders LD, Wang FL, Fraser WD.
Impact of preeclampsia and gestational hypertension on birth
weight by gestational age. Am J Epidemiol. 2002;155(3):203–209.

25. Gagnon R. Placental insufficiency and its consequences. Eur J
Obstet Gynecol Reprod Biol. 2003;110(Suppl 1):S99–S107.

26. Baschat AA, Hecher K. Fetal growth restriction due to placental
disease. Semin Perinatol. 2004;28(1):67–80.

27. Gaillard R, Steegers EA, Tiemeier H, Hofman A, Jaddoe VW.
Placental vascular dysfunction, fetal and childhood growth, and
cardiovascular development: the generation R study. Circulation.
2013;128(20):2202–2210.

28. SarrO,YangK,Regnault TR. In utero programmingof later adiposity:
the role of fetal growth restriction. J Pregnancy. 2012;2012:134758.

29. Yu ZB, Han SP, Zhu GZ, Zhu C, Wang XJ, Cao XG, Guo XR.
Birthweight and subsequent risk of obesity: a systematic review and
meta-analysis. Obes Rev. 2011;12(7):525–542.

30. Tyrrell J, Richmond RC, Palmer TM, Feenstra B, Rangarajan J,
Metrustry S, Cavadino A, Paternoster L, Armstrong LL, De Silva
NMG, Wood AR, Horikoshi M, Geller F, Myhre R, Bradfield JP,
Kreiner-Møller E, Huikari V, Painter JN, Hottenga JJ, Allard C,
Berry DJ, Bouchard L, Das S, Evans DM, Hakonarson H, Hayes
MG, Heikkinen J, Hofman A, Knight B, Lind PA, McCarthy MI,
McMahon G, Medland SE, Melbye M, Morris AP, Nodzenski M,
Reichetzeder C, Ring SM, Sebert S, Sengpiel V, Sørensen TIA,
Willemsen G, de Geus EJC, Martin NG, Spector TD, Power C,
Järvelin MR, Bisgaard H, Grant SFA, Nohr EA, Jaddoe VW,
Jacobsson B, Murray JC, Hocher B, Hattersley AT, Scholtens DM,
Davey Smith G, Hivert MF, Felix JF, Hyppönen E, Lowe WL Jr,
Frayling TM, Lawlor DA, Freathy RM; Early Growth Genetics
(EGG) Consortium. Genetic evidence for causal relationships be-
tween maternal obesity-related traits and birth weight. JAMA.
2016;315(11):1129–1140.

4322 Zheng et al Pregnancy Blood Pressure and Offspring Obesity J Clin Endocrinol Metab, November 2017, 102(11):4315–4322

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/102/11/4315/4259054 by guest on 21 August 2022

http://davidakenny.Net/cm/mediate.htm
http://davidakenny.Net/cm/mediate.htm

