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Abstract: Objective: To investigate the prevalence and risk factors for pregnancy-induced hypertension (PIH) in
Shaanxi Province of Northwest China. A stratified multistage random sampling method was applied to recruit wom-
en of childbearing age (15-49 years) living in Shaanxi Province who gave birth from 2010-2013. The participants’
characteristics were recorded using a structured questionnaire. A multilevel model was employed to evaluate the
effect of the possible risk factors on PIH. Of the 29,184 women surveyed, the prevalence of PIH was 1.60% (95% Cl:
1.46%-1.75%). A multilevel model analysis indicated that maternal age >35 years (OR=2.05, 95% Cl: 1.55-2.70),
unstable mental status (OR=1.49, 95% Cl: 1.04-2.15 ), multiple pregnancies (OR=3.14, 95% CI: 1.82-5.45), gesta-
tional diabetes mellitus (OR=5.84, 95% Cl: 2.42-14.11), and fetal malformation (OR=2.52, 95% Cl: 1.61-3.92) were
significantly associated with an increased risk of PIH. Healthcare professionals should strengthen their monitoring
of high-risk pregnant women with these risk factors for PIH. Our findings provide clues about the etiology of PIH and
useful evidence for formulating effective policies and health care programs for PIH intervention in northwest China.
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Introduction

Hypertensive disorders complicating pregnan-
cy, also known as pregnancy-induced hyperten-
sion (PIH) syndrome [1-3], constitute a world-
wide problem requiring prompt attention. PIH is
classified into eclampsia, pre-eclampsia, ges-
tational hypertension, pre-eclampsia compli-
cated by chronic hypertension, and chronic
hypertension complicating pregnancy [4, 5].
PIH is one of the main causes of death during
the peripartum period worldwide and is particu-
larly devastating in developing countries [6, 7].
Recent studies have reported that PIH is one of
the main causes of maternal mortality in China
[8, 9]. Furthermore, PIH is a risk factor for the
development of coronary heart disease, stroke,
kidney disease, diabetes, and chronic hyper-
tension in pregnant women [10-15].

PIH is also associated with poor neonatal out-
comes. Several articles have demonstrated the
influence of PIH on preterm birth [16, 17].
Preterm birth is a key factor in neonatal mortal-
ity or morbidity over the past 20 years [18]. It is
associated with an increased incidence of neo-
natal respiratory distress syndrome, sepsis,
bronchopulmonary dysplasia, neurodevelop-
mental disorders, and intraventricular hemor-
rhage [19]. Recent systematic reviews and me-
ta-analyses revealed that PIH was related to a
reduced adjusted odds ratio of mortality, hear-
ing loss, vision loss, and cerebral palsy among
preterm infants [20]. Moreover, PIH is a predic-
tor of low birth weight [21].

Despite extensive hospital-based research on
the prevalence and risk factors for PIH [9], there
is a lack of large community-based investiga-
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tions among Chinese women in recent years.
Moreover, some risk factors for PIH remain con-
troversial [22], including gestational diabetes
mellitus (GDM) and fetal malformation that
have been insufficiently studied. Thus, the aim
of this cross-sectional study was to present the
epidemiologic and prevalence data of PIH and
to investigate the controllable and relevant risk
factors using a large population of women in
Shaanxi Province. This research will provide
useful evidence for formulating effective poli-
cies and health care programs for PIH interven-
tion in northwest China.

Methods
Data sources and participants

The data in this current research was derived
from a large population-based cross-sectional
study aiming to investigate the prevalence and
risk factors of birth defects which was executed
in  Shaanxi Province of northwest China
between August and December 2013. We
recruited women aged 15-49 from Shaanxi
Province who gave birth from 2010-2013 with
recorded pregnancy outcomes were enrolled in
this study. A stratified, multistage, random
sampling method was used. The study design
used was based on the study by Liu et al. [23].
Based on the current fertility rates and popula-
tion density, approximately 32,400 participants
were expected to be included in this research.

The sample size estimation was based on the
2

Z; 1-
w * deff, where d=20%p,
a=0.05 (za/2=1.96), and deff=2. Considering
that the prevalence of PIH was 4.20% among
the pregnant women [17], the estimated sam-
ple size for the study was about 4,382.

formula: N=

Data collection

After the written informed consent was signed,
trained skilled investigators personally con-
ducted interviews with the participants using a
structured questionnaire to collect demograph-
ic information, including their places of resi-
dence, dates of birth, educational levels, occu-
pations, family economic statuses, pregnancy
histories, prenatal care, lifestyles, and health
statuses. Data about their offspring were also
obtained, including sex, numbers of births, and
fetal malformations. Xi'an Jiaotong University
Health Science Center designed all the ques-
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tionnaires, which were validated by the institu-
tion’s supervisors to ensure completeness of
the values and to minimize the logical errors to
ensure the accuracy of the collected data.

Study outcomes

The primary outcome of this study was the
presence of PIH. We defined PIH as a combina-
tion of clinical presentations in a patient with
hypertension during pregnancy. The main clini-
cal manifestations of PIH include hypertension,
which may occasionally present with protein-
uria, and even convulsions in severe cases. In
each case, PIH was considered based on the
self-reported symptoms of the pregnant woman
combined with the diagnosis of her doctor from
a local maternal and child health hospital.

Covariates

Information regarding the maternal socio-
demographic characteristics including (1)
maternal age (<35 or >35 years); (2) the moth-
er's highest educational attainment (primary
school and below, junior high school, or senior
high school and above); (3) monthly household
income (<2000, 2000-4000, or 24000 yuan);
(4) household classification (urban or rural); (5)
region (southern Shaanxi, central Shaanxi, or
northern Shaanxi); (6) lifestyle factors including
second-hand smoke exposure (yes or no), and
alcohol drinking (yes or no); (7) comorbidities
including GDM (yes or no), and unstable mental
status (yes or no); (8) healthcare utilization,
including frequency of prenatal checkups (<5 or
>5); (9) reproductive history including parity (1
or >2); and (10) neonatal characteristics includ-
ing numbers of births (single gestation or mul-
tiple gestation), sex of the infant (boy or girl),
and fetal malformation (yes or no) were evalu-
ated as potential risk factors for PIH. The
regional and household classifications in the
research were defined according to China’s
household registration system. Passive smok-
ing exposure was defined as inhaling tobacco
smoke from others for more than 15 min/d
[24].

Statistical analysis

EpiData3.1 was adopted to design the data-
base and all the data entry was duplicated to
ensure accuracy. The continuous variables
were described using the mean + standard
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Assessed for eligibility (n=32400)

Ethics statement

The study was carried out
in accordance with the De-

excluded

Refused(n=2373)

claration of Helsinki, and the
Ethics Committee of Xi'an
Jiaotong University Health

Women participating in the cross-
sectional survey (n=30027)

Science Center approved all
the procedures involving hu-
man subjects (No. 20120-
008). The investigators read
and explained the consent

excluded

Unknown PIH (n=843)

form to each of the partici-
pants and obtained a written
informed consent from each

Women included in this survey
(n=29184)

Figure 1. Flow diagram of the sampling strategy.

deviation (SD), and t-tests were used to com-
pare the differences between groups. Counts
and proportions were employed to show the
characteristic of the categorical variables, and
X? tests were used to compare the different
groups.

The intra-class correlation (ICC) was found to
be 0.015 (P<0.001) after running the empty
models, which indicated that there was homo-
geneity in PIH. Studies have shown that even a
small ICC can cause large Type | errors, which
may erroneously reject a true statistical hypoth-
esis. The traditional linear regression based on
the ordinary least square method (OLS)
assumes that observations are independent of
each other, rendering it unsuitable for the anal-
ysis of this multi-layer data. Thus, compared
with traditional linear regression, the multilevel
model was more appropriate. A multilevel logis-
tic regression was established to access the
odds ratio (OR) and a 95% confidence interval
(95% CI) was used to establish the relationship
between PIH and the potential influencing fac-
tors, with districts set to level 2 and individuals
set to level 1 using the PROC GLIMMIX proce-
dure in the SAS 9.4 software. SAS software
(version 9.4; SAS Institute Inc.) was applied
to perform the statistical analysis. Statistical
significance was defined as a two-tailed
P<0.05.
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one before conducting each
in-person survey.

Results

Study subjects and demo-
graphic characteristics

In this large population study, 30,027 subjects
agreed to participate in the survey, with a
response rate of 92.68% (30027/32400). We
removed 843 subjects due to unverified PIH
statuses. Ultimately, a total of 29,184 women
made up the study cohort (Figure 1). This sam-
ple size was sufficient for the data analysis.

Of the 29,184 women surveyed, the reproduc-
tive age was 28.04+4.86 years and those who
were <35 years old accounted for 88.70%. In
most cases, the highest educational levels
attained by the participants were junior high
school and senior high school and above
(87.83%). The average monthly household
income of the respondents was mainly concen-
trated in the >4000 yuan range (39.98%). Most
of the participants (67.23%) resided in the rural
areas. The subjects from the south, central,
and north of Shaanxi accounted for 20.52%,
53.83%, and 25.64%, respectively. During
pregnancy, 0.27% had GDM, and 5.68% suf-
fered from an unstable mental status. Of the
infants, 1.20% were multiple gestations,
54.79% were boys, and 2.18% had a malforma-
tion. Other demographic characteristics are
presented in Table 1.

Prevalence of PIH

PIH was noted in 467 (1.60% [95% CI: 1.46%,
1.75%]) pregnant women. Older women (=35
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Table 1. Demographic characteristics of the

participants

Baseline characteristics

Percent n (%)

Socio-demographic characteristics

Maternal age, year”
<35
>35

25479 (88.70)
3245 (11.30)

Mother’s highest educational attainment”

Primary school and below
junior school
Senior school and above

3543 (12.17)
14448 (49.62)
11127 (38.21)

Monthly household income, yuan™

<2000
2000-4000
>4000
Household classification”
Urban
Rural
Region”
Southern Shaanxi
Central Shaanxi
Northern Shaanxi
Lifestyles
Second-hand smoke exposure”
No
Yes
Alcohol drinking”
No
Yes
Comorbidities
Gestational diabetes mellitus”
No
Yes
Unstable mental status”
No
Yes
Healthcare utilization

6582 (24.53)
9519 (35.48)
10726 (39.98)

9565 (32.77)
19619 (67.23)

5990 (20.52)
15710 (53.83)
7484 (25.64)

28542 (99.74)

77 (0.26)

28810 (98.86)

332 (1.14)

29104 (99.73)

80 (0.27)

27505 (94.32)
1656 (5.68)

Frequencies of prenatal checkups™

<5
>5
Reproductive history”
Parity
1
>2
Neonatal characteristics
Number of births”
Single gestation
Multiple gestation
Sex of the infant”

1481

13544 (47.22)
15136 (52.78)

16673 (58.90)
11632 (41.10)

28833 (98.80)
351 (1.20)

years) had a higher risk of PIH (Figure 2). The
prevalence of PIH among the participants from
rural areas was lower than it was among the
participants from urban areas (1.46% [95% ClI:
1.29%-1.64%] vs. 1.89% [95% Cl: 1.63%-
2.19%], P<0.001). The prevalence of PIH was
highest in women from southern Shaanxi, fol-
lowed by central Shaanxi, then northern
Shaanxi (1.97% [95% Cl: 1.63-2.32%)] vs. 1.63%
[95% Cl: 1.44-1.84] vs. 1.24% [95% Cl: 1.00-
1.52], P<0.001) (Figure 3).

Determinants of PIH

A univariate analysis showed that maternal
age, household classification, region, GDM,
unstable mental status, frequency of prenatal
checkups, parity, multiple gestation, and fetal
malformations were strong predictors of PIH
(Table 2).

In the multilevel model, the PIH and the charac-
teristics of the mothers and their infants during
pregnancy were used as the independent and
the dependent variables, respectively. Older
women had a higher risk of PIH (OR=2.05, 95%
Cl: 1.55-2.70). Women with GDM or an unsta-
ble mental status were more likely to suffer
from PIH (OR=5.84, 95% CI: 2.42-14.11; vs.
OR=1.49, 95% CI: 1.04-2.15, respectively).
Participants with multiple gestations or fetal
malformations were associated with a higher
risk of PIH (OR=3.14, 95% Cl: 1.82-5.45; vs.
OR=2.52, 95% Cl: 1.61-3.92) (Table 3).

Discussion

This study aimed to present the epidemiologic
and prevalence data of PIH and its associated
risk factors from a large population of pregnant
women in Shaanxi Province. We found that the
prevalence of PIH in women from Shaanxi
Province is 1.67%. We noted that the risk fac-
tors for PIH include older age, GDM, unstable
mental status, multiple gestation, and fetal
malformation.

Despite the publication of several studies
involving Chinese women, there remains a lack
of large sample community-based investiga-
tions analyzing this topic. A multicenter cross-
sectional retrospective study from China in
2011 indicated that the rate of PIH syndrome
was 5.22% [25]. Another cross-sectional study
of 16,954 mothers analyzed from 2006-2008
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Boy 15984 (54.79)

Girl 13187 (45.21)
Fetal malformation”

No 28549 (97.82)

Yes 635 (2.18)

*: Pvalues <0.001.

in five Chinese cities showed a prevalence rate
of 16.1 per 10000 [26]. A population-based
study from America noted that the prevalence
of PIH increased from 3.0% in 1990 to 3.9% in
2004 [27]. In Japan, PIH prevalence was
reported to be 3.1% according to a cross-sec-
tional study of 2,348 women [28]. Another
cross-sectional study conducted in Zimbabwe
reported a PIH prevalence of 19.4% [29]. Thus,
our study observed that the prevalence of PIH
was similar to studies from China, but the prev-
alence was lower than it was in the United
States, Japan, and Zimbabwe. A possible rea-
son for this discrepancy may be due to a recall
bias secondary to the limited amount of time,
manpower, material, and financial resources
that hindered an exhaustive review of the dis-
ease history or medical records available. Our
questionnaires relied on the recall memory of
the participating women, inevitably underdiag-
nosing some women with PIH. In addition, most
of the investigated population were from the
rural areas, with low medical resources and a
consequently low detection rate. All of these
could result in an underestimated prevalence
rate of PIH.

The results of this research indicated that older
age, GDM, unstable mental status, multiple
gestation, and fetal malformation were risk fac-
tors for PIH. Bener et al. [30] reported that a
higher maternal age >30 years was positively
associated with an increased risk for PIH in
Arab subjects. Owiredu et al. [22] revealed that
Ghanaian women aged 35-39 years were more
likely to suffer from PIH compared to women
aged 25-29 years (OR=9.2, 95% Cl: 2.5-34.7).
Similarly, our study showed that women aged
>35 years had a higher risk of PIH compared
with women aged <35 years (OR=2.05, 95% Cl:
1.55-2.70). The association between higher
maternal age and hypertensive disorders of
pregnancy (HDP) was also evident in Chinese
women aged 35-39 years with a 1.84-fold high-
er risk of HDP, and those aged >40 years had a
2.39-fold higher risk than those aged 25-29
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years [25]. Further, they found that the preva-
lence rate of PIH increased proportionately with
maternal age. Our study has similar results.
However, Umesawa et al. reported no associa-
tion between maternal age and the risk of PIH,
pre-eclampsia (PE), or HDP; and a study con-
ducted in America reported no association
between older age and the prevalence of PE
[22]. Confounding factors owing to the relation-
ship of lower maternal age with nulliparity [31]
and the variation between the study popula-
tion’s characteristics in both groups might
explain the discrepancy.

Our study also found a link between adverse
mental state and PIH. Pregnant women are sus-
ceptible to external stimuli or negative events,
making them prone to suffer from stress, anxi-
ety, mood swings, depression, and other
extreme emotions, causing an increase in cat-
echolamines and other substances. These neu-
roendocrine substances are closely related to
PIH [32].

The results of our study reported that fetal mal-
formation was closely related to an increased
risk of PIH. Although PIH is common during
pregnancy, there are few published studies on
the relationship between PIH and fetal malfor-
mation. One study [33] reported that Latin
American and Caribbean women who delivered
infants with fetal malformation had a positive
correlated with PE risk. Nelson et al. [34] also
found that preeclampsia, but not gestational
hypertension, was related to an increased inci-
dence of malformation compared with normo-
tensive women. The underlying pathogenetic
mechanism of this association remains
unknown. Impaired placental perfusion was
proposed to be the common etiology for fetal
malformation and PIH [33].

We found that the participants with multiple
pregnancies were more likely to suffer from
PIH, which was consistent with previous
research. Chun et al. [25] reported that preg-
nant Chinese women with multiple gestations
were more likely to suffer from HDP (OR=3.68,
95% CI: 3.26-4.16). Rui et al. also reported that
multiple gestations had a 3.31 times higher
risk of PIH than singleton pregnancies [35].
Another study found an association between
PE and multiple pregnancies [36]. The underly-
ing mechanism for the increased incidence of
PIH in multiple pregnancies may be due to a
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Strengths and limitations

Our research has several
strengths. First, this investiga-
tion provided updated informa-
tion on the status of PIH in the
Shaanxi Province of northwest
China. Additionally, our large
sample size, which accounted
for 9% of all the newborns in
Shaanxi province, provided suf-
ficient power to evaluate the
association between maternal

Figure 2. The prevalence rate of PIH by age group.

250% -

2.00% -

prevalence rate

<25 25~29 30~34 35~39

1.50% -
a low prevalence, including
. second-hand smoke exposure,
1.00% ~ alcohol drinking, multiple ges-
tation, GDM, and fetal malfor-
0.50% - mations.
Our study has several limita-
0.00% tions. First, our questionnaire-

240 and fetal characteristics and
PIH. This study was the largest
representative study in Shaanxi
Province that provides the cur-
rent status and potential risk
factors for PIH in this geographi-
cal region. Several variables
were analyzed that allowed us to
control the effects of several
possible risk factors and even
analyze those risk factors with

southern central
murban rural

Figure 3. The prevalence rate of PIH by region and household classifica-

tion.

greater demand of the multiple fetuses com-
peting for oxygen and blood supply, but the
exact pathology remains unclear [37].

GDM is one of the most common diseases to
occur during pregnancy, and it often occurs in
combination with PIH. Our study demonstrated
that GDM is strongly related to an increased
risk of PIH, corroborating findings from earlier
reports. GDM is associated with an 87%
increase in the risk of gestational hypertension
in Australian women [38], a 148% increase in
the risk of HDP in Chinese women [25], and a
93% increase in the risk of PE in the Latin
American and Caribbean populations [33].
Increasingly, evidence indicates that insulin
resistance is the common pathway of GDM and
PIH [39].
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northern based research, which relied on

self-reported parameters to
diagnose PIH may have resulted
in a recall bias. We have taken a
series of measures to reduce
this bias, such as uniform train-
ing before the investigation and a pilot study.
Second, most of the subjects were from rural
areas that may have resulted in a low PIH detec-
tion rate. Third, other factors affecting PIH that
were previously reported in the literature, such
as pre-pregnancy BMI, maternal physical activ-
ity during pregnancy, or a familial history of PIH,
were not included in this study. Medical histo-
ries were also not included in the question-
naire, such as histories of hypertension or dia-
betes, that may affect the correlation. A history
of hypertension has been proved to be an
important risk factor for PIH [22]. Although the
mechanism between diabetes mellitus and PIH
is unclear, women with diabetes mellitus seem
to have a higher risk of PIH [22]. The relation-
ship between medical history and PIH and its
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Table 2. Univariate analysis of the determinants of PIH in Shaanxi Province

Baseline characteristics NO-PIH n (%) PIH n (%) X P Values
Socio-demographic characteristics
Maternal age, year 39.54 <0.001
<35 25115 (88.85) 364 (79.48)
>35 3151 (11.15) 94 (20.52)
Mother’s highest educational attainment 0.75 0.686
Primary school and below 3481 (12.15) 62 (13.30)
junior school 14224 (49.64) 224 (48.07)
Senior school and above 10947 (38.21) 180 (38.63)
Monthly household income, yuan 5.64 0.060
<2000 6469 (24.51) 13 (26.16)
2000-4000 9349 (35.42) 170 (39.35)
>4000 10577 (40.07) 149 (34.49)
Household classification 7.71 0.005
Urban 9384 (32.68) 181 (38.76)
Rural 19333 (67.32) 286 (61.24)
Region 11.36 0.003
Southern Shaanxi 5872 (20.45) 118 (25.27)
Central Shaanxi 15454 (53.81) 256 (54.82)
Northern Shaanxi 7391 (25.74) 93 (19.91)
Lifestyles
Second-hand smoke exposure 1.000"
No 28542 (99.73) 464 (99.78)
Yes 76 (0.27) 1(0.22)
Alcohol drinking 1.40 0.236
No 28352 (98.87) 458 (98.28)
Yes 324 (1.13) 8(1.72)
Comorbidities
Gestational diabetes mellitus 0.000"
No 28646 (99.75) 458 (98.1)
Yes 71 (0.25) 9 (1.93)
Unstable mental status 11.13 0.001
No 27082 (94.38) 423 (90.77)
Yes 1613 (5.62) 43 (9.23)
Healthcare utilization
Frequencies of prenatal checkups 5.60 0.018
<5 13351 (47.31) 193 (41.77)
>5 14867 (52.69) 269 (58.23)
Reproductive history
Parity 4.01 0.045
1 16423 (58.98) 250 (54.35)
>2 11422 (41.02) 210 (45.65)
Neonatal characteristics
Number of births 28.08 0.000
Single gestation 28384 (98.84) 449 (96.15)
Multiple gestation 333 (1.16) 18 (3.85)
Sex of the infant 0.21 0.647
Boy 15733 (54.81) 251 (53.75)
1484 Int J Clin Exp Med 2021;14(3):1478-1488
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Girl 12971 (45.19) 216 (46.25)

Fetal malformation 32.54 0.000
No 28110 (97.89) 439 (94.00)
Yes 607 (2.11) 28 (6.00)

“analyzed using Fisher’s exact probability test. PIH: pregnancy-induced hypertension.

Table 3. Predictors of PIH in Shaanxi Province using a multilevel model

Predictors B Sx t P Values OR (95% ClI)

Socio-demographic characteristics
Maternal age, year

<35 1.00
>35 0.72 0.14 5.27 <0.001 2.05 (1.55~2.70)
Mother’s highest educational attainment
Primary school and below 1.00
junior school 0.02 0.16 0.10 0.92 1.02 (0.73~1.41)
Senior school and above 0.03 0.19 0.17 0.87 1.03 (0.71~1.50)
Monthly household income, yuan
<2000 1.00
2000-4000 0.09 0.13 0.73 0.47 1.10 (0.85~1.42)
>4000 -0.22 0.14 -1.51 0.14 0.81 (0.61~1.07)
Household classification
Urban 1.00
Rural -0.36 0.18 -1.98 0.06 0.70 (0.48~1.01)
Region
Southern Shaanxi 1.00
Central Shaanxi -0.24 0.21 -1.15 0.26 0.79 (0.51~1.21)
Northern Shaanxi -0.35 0.25 -1.40 0.17 0.71(0.42~1.18)
Lifestyles
Second-hand smoke exposure
No 1.00
Yes -0.37 1.03 -0.36 0.72 0.69 (0.08~5.88)
Alcohol drinking
No 1.00
Yes 0.15 0.43 0.34 0.74 1.16 (0.48~2.77)

Comorbidities
Gestational diabetes mellitus

No 1.00

Yes 1.77 0.42 4.24 <0.001 5.84 (2.42~14.11)
Unstable mental status

No 1.00

Yes 0.40 0.18 2.24 0.03 1.49 (1.04~2.15)

Healthcare utilization
Frequencies of prenatal checkups

<5 1.00
>5 0.07 0.12 0.56 0.58 1.07 (0.84~1.36)
Reproductive history
Parity
1 1.00

1485 Int J Clin Exp Med 2021;14(3):1478-1488
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=2 -0.01

Neonatal characteristics
Number of births
Single gestation

Multiple gestation 1.15

Sex of the infant
Boy

Girl 0.05

Fetal malformation
No

Yes 0.92

0.12 -0.06 0.95

0.27 4.27 <0.001

0.10 0.47 0.64

0.22 4.25 <0.001

0.99 (0.78~1.26)

1.00

3.14 (1.82~5.45)

1.00
1.05 (0.85~1.29)

1.00
2.52(1.61~3.92)

PIH: pregnancy-induced hypertension. OR: odds ratio, 95% Cl: 95% confidence interval.

mechanism should be analyzed in future
studies.

Conclusion

Our findings reveal that there is a significant
correlation between PIH and GDM, unstable
mental status, maternal age, multiple gesta-
tion, and fetal malformations. Our study empha-
sizes that healthcare professionals should
strengthen the monitoring of high-risk pregnant
women with these risk factors for PIH. Our find-
ings provide valuable clues about the etiology
of PIH based on data from community-based
populations and useful evidence to formulate
effective policies and health care programs for
PIH interventions in northwest China.

Acknowledgements

The authors would like to thank all the partici-
pants in this survey, especially, the local hospi-
tals and health administrative departments, as
well as the Ministry of Health in Shaanxi
Province, for their support to data collection.
We are also grateful to the families who partici-
pated in the study. This study was funded by
the National Natural Science Foundation of
China (no. 81230016), the National Key R&D
Program of China (nos. 2017YFC0907200 and
2017YFC0907201) and the Project of birth
defect control and prevention in Shaanxi
(Sxwsjswzfcght 2016-013). The funders had no
role in the study design, data collection, and
analysis, or the decision to submit the manu-
script for publication.

Disclosure of conflict of interest

None.

1486

Address correspondence to: Shaonong Dang and
Hong Yan, School of Public Health, Xi'an Jiaotong
University Health Science Center, No. 76 Yanta West
Road, Xi'an, Shaanxi, People’s Republic of China.
Fax: +86-29-82655104; E-mail: tjdshn@mail.xjtu.
edu.cn (SND); xjtu_yhpaper@126.com (HY)

References

[1] Dominguez JE, Habib AS and Krystal AD. A re-
view of the associations between obstructive
sleep apnea and hypertensive disorders of
pregnancy and possible mechanisms of dis-
ease. Sleep Med Rev 2018; 42: 37-46.

[2] LeiF, LiuD, ShenY, ZhangL, Li S, Liu X, Shi G,
Li J, Zhao Y, Kang Y, Dang S and Yan H. Study
on the influence of pregnancy-induced hyper-
tension on neonatal birth weight. J Investig
Med 2018; 66: 1008-1014.

[3] Witvrouwen |, Mannaerts D, Van Berendoncks
AM, Jacquemyn Y and Van Craenenbroeck EM.
The effect of exercise training during pregnan-
cy to improve maternal vascular health: focus
on gestational hypertensive disorders. Front
Physiol 2020; 11: 450.

[4] Suranyi A, Altorjay A, Kaiser L, Nyari T
and Németh G. Evaluation of placental vascu-
larization by three-dimensional ultrasound ex-
amination in second and third trimester of
pregnancies complicated by chronic hyperten-
sion, gestational hypertension or pre-eclamp-
sia. Pregnancy Hypertens 2017; 8: 51-59.

[5] Witcher PM, Chez BF and Baird SM. Multi-
system effects of hypertensive disorders of
pregnancy: a comprehensive review. J Perinat
Neonatal Nurs 2015; 29: 229-239.

[6] Say L, Chou D, Gemmill A, Tuncalp O, Moller
AB, Daniels J, Gilmezoglu AM, Temmerman M
and Alkema L. Global causes of maternal
death: a WHO systematic analysis. Lancet Glob
Health 2014; 2: e323-333.

[71 Berhe AK, llesanmi AO, Aimakhu CO and
Mulugeta A. Effect of pregnancy induced hy-

Int J Clin Exp Med 2021;14(3):1478-1488



(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

(16]

(17]

(18]

1487

Epidemiology and determinants of PIH

pertension on adverse perinatal outcomes in
Tigray regional state, Ethiopia: a prospective
cohort study. BMC Pregnancy Childbirth 2019;
20: 7.

LiY, Zhangy, FangS, Liu S, Liu X, Li M, Liang H
and Fu H. Analysis of inequality in maternal
and child health outcomes and mortality from
2000 to 2013 in China. Int J Equity Health
2017; 16: 66.

Zhuang C, Gao J, Liu J, Wang X, He J, Sun J, Liu
Xand Liao S. Risk factors and potential protec-
tive factors of pregnancy-induced hyperten-
sion in China: a cross-sectional study. J Clin
Hypertens 2019; 21: 618-623.

Covella B, Vinturache AE, Cabiddu G, Attini R,
Gesualdo L, Versino E and Piccoli GB. A sys-
tematic review and meta-analysis indicates
long-term risk of chronic and end-stage kidney
disease after preeclampsia. Kidney Int 2019;
96: 711-727.

Cunningham MW Jr and LaMarca B. Risk of
cardiovascular disease, end-stage renal dis-
ease, and stroke in postpartum women and
their fetuses after a hypertensive pregnancy.
Am J Physiol Regul Integr Comp Physiol 2018;
315: 521-528.

McKenzie-Sampson S, Paradis G, Healy-
Profit6s J, St-Pierre F and Auger N. Gestational
diabetes and risk of cardiovascular disease up
to 25 years after pregnancy: a retrospective
cohort study. Acta Diabetol 2018; 55: 315-
322.

Watanabe M and Sairenchi T. Gestational hy-
pertension as risk factor of hypertension in
middle-aged and older women. Int J Environ
Res Public Health 2020; 17: 4052.

Wu P, Haththotuwa R, Kwok CS, Babu A,
Kotronias RA, Rushton C, Zaman A, Fryer AA,
Kadam U, Chew-Graham CA and Mamas MA.
Preeclampsia and future cardiovascular
health: a systematic review and meta-analysis.
Circ Cardiovasc Qual Outcomes 2017; 10:
e003497.

Bokslag A, van Weissenbruch M, Mol BW and
de Groot CJ. Preeclampsia; short and long-
term consequences for mother and neonate.
Early Hum Dev 2016; 102: 47-50.

Wagura P, Wasunna A, Laving A, Wamalwa D
and Ng'ang’a P. Prevalence and factors associ-
ated with preterm birth at kenyatta national
hospital. BMC Pregnancy Childbirth 2018; 18:
107.

Li FY, Yan SQ, Huang K, Mao LJ, Pan WJ, Ge X,
Han Y, Hao JH and Tao FB. Relations between
hypertensive disorders in pregnancy and sub-
sequent risk of early-term birth: a birth cohort
study. Zhonghua Liu Xing Bing Xue Za Zhi
2017; 38: 1603-1606.

Beck S, Wojdyla D, Say L, Betran AP, Merialdi
M, Requejo JH, Rubens C, Menon R and Van

(19]

[20]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Look PF. The worldwide incidence of preterm
birth: a systematic review of maternal mortali-
ty and morbidity. Bull World Health Organ
2010; 88: 31-38.

Saigal S and Doyle LW. An overview of mortality
and sequelae of preterm birth from infancy to
adulthood. Lancet 2008; 371: 261-269.
Razak A, Florendo-Chin A, Banfield L, Abdul
Wahab MG, McDonald S, Shah PS and Mukerji
A. Pregnancy-induced hypertension and neo-
natal outcomes: a systematic review and me-
ta-analysis. J Perinatol 2018; 38: 46-53.

Li X, Zhang W, Lin J, Liu H, Yang Z, Teng Y, Duan
S, LiY, XieY, Lin X, Xie L, Peng Q, Huang J, Chen
J, Duan W, Luo J and Zhang J. Preterm birth,
low birthweight, and small for gestational age
among women with preeclampsia: does mater-
nal age matter? Pregnancy Hypertens 2018;
13: 260-266.

Umesawa M and Kobashi G. Epidemiology of
hypertensive disorders in pregnancy: preva-
lence, risk factors, predictors and prognosis.
Hypertens Res 2017; 40: 213-220.

Liu D, Li S, Lei F, Zhao Y, ChengY, Dang S, Zeng
L, Mi B, Qu P, Zhang B, Liu A, Li M, Shi G and
Yan H. Associations between maternal calcium
intake from diet and supplements during preg-
nancy and the risk of preterm birth in a Chinese
population. Eur J Clin Nutr 2021; 75: 141-150.
Wu L, Yang S, He Y, Liu M, Wang Y, Wang J and
Jiang B. Association between passive smoking
and hypertension in Chinese non-smoking el-
derly women. Hypertens Res 2017; 40: 399-
404.

Ye C, Ruan Y, Zou L, Li G, Li C, Chen Y, lJia C,
Megson IL, Wei J and Zhang W. The 2011 sur-
vey on hypertensive disorders of pregnancy
(HDP) in China: prevalence, risk factors, com-
plications, pregnancy and perinatal outcomes.
PLoS One 2014; 9: €100180.

Zhang Q, Li Z and Ananth CV. Prevalence and
risk factors for anaemia in pregnant women: a
population-based prospective cohort study in
China. Paediatr Perinat Epidemiol 2009; 23:
282-291.

Ananth CV and Basso O. Impact of pregnancy-
induced hypertension on stillbirth and neona-
tal mortality. Epidemiology 2010; 21: 118-
123.

Iwama N, Metoki H, Nishigori H, Mizuno S,
Takahashi F, Tanaka K, Watanabe Z, Saito M,
Sakurai K, Ishikuro M, Obara T, Tatsuta N,
Nishijima I, Sugiyama T, Fujiwara |, Kuriyama S,
Arima T, Nakai K and Yaegashi N. Association
between alcohol consumption during pregnan-
¢y and hypertensive disorders of pregnancy in
Japan: the Japan Environment and Children’s
Study. Hypertens Res 2019; 42: 85-94.

Muti M, Tshimanga M, Notion GT, Bangure D
and Chonzi P. Prevalence of pregnancy in-

Int J Clin Exp Med 2021;14(3):1478-1488



[30]

(31]

(32]

(33]

(34]

Epidemiology and determinants of PIH

duced hypertension and pregnancy outcomes
among women seeking maternity services in
Harare, Zimbabwe. BMC Cardiovasc Disord
2015; 15: 111.

Bener A and Saleh NM. The impact of socio-
economic, lifestyle habits, and obesity in devel-
oping of pregnancy-induced hypertension in
fast-growing country: global comparisons. Clin
Exp Obstet Gynecol 2013; 40: 52-57.

Kahveci B and Melekoglu R. The effect of
advanced maternal age on perinatal outcomes
in nulliparous singleton pregnancies. BMC
Pregnancy Childbirth 2018; 18: 343.
Woldetsadik AM, Ayele AN, Roba AE, Haile GF
and Mubashir K. Prevalence of common men-
tal disorder and associated factors among
pregnant women in South-East Ethiopia, 2017:
a community based cross-sectional study.
Reprod Health 2019; 16: 173.

Conde-Agudelo A and Belizan JM. Risk factors
for pre-eclampsia in a large cohort of Latin
American and Caribbean women. BJOG 2000;
107: 75-83.

Nelson DB, Chalak LF, Mclintire DD and Leveno
KJ. Is preeclampsia associated with fetal mal-
formation? A review and report of original re-
search. J Matern Fetal Neonatal Med 2015;
28:2135-2140.

1488

(35]

(36]

(37]

(38]

[39]

Ma R, Liu JM, Li S, Ye RW, Chen H, Xue MJ,
Wang TM, Cheng LC, Zheng JC, Wu LM, Pan YJ,
Chen H and Li Z. Study on the descriptive epi-
demiology of pregnancy-induced hypertension
from 1995 - 2000 in Jiaxing of Zhejiang prov-
ince, China. Zhonghua Liu Xing Bing Xue Za Zhi
2005; 26: 960-963.

Catov JM, Ness RB, Kip KE and Olsen J. Risk of
early or severe pre-eclampsia related to pre-
existing conditions. Int J Epidemiol 2007; 36:
412-419.

Laine K, Murzakanova G, Sole KB, Pay AD,
Heradstveit S and Raisénen S. Prevalence and
risk of pre-eclampsia and gestational hyper-
tension in twin pregnancies: a population-
based register study. BMJ Open 2019; 9:
e029908.

Jacobs DJ, Vreeburg SA, Dekker GA, Heard AR,
Priest KR and Chan A. Risk factors for hyper-
tension during pregnancy in South Australia.
Aust N Z J Obstet Gynaecol 2003; 43: 421-
428.

Mastrogiannis DS, Spiliopoulos M, Mulla W
and Homko CJ. Insulin resistance: the possible
link between gestational diabetes mellitus and
hypertensive disorders of pregnancy. Curr Diab
Rep 2009; 9: 296-302.

Int J Clin Exp Med 2021;14(3):1478-1488



