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Abstract
Studies have shown that maternal blood pressure level is associated with neonatal 
birthweight, but the results are not exactly consistent. As the most common hyper-
tensive disorders during pregnancy, the mechanism of gestational hypertension and 
pre-eclampsia that affect fetal growth remain unclear. Our objective was to examine 
the association of gestational hypertension and pre-eclampsia with the risk of low 
birthweight (LBW) and small-for-gestational-age (SGA). Data were obtained from the 
China–US Collaborative Project for Neural Tube Defects Prevention, a large popula-
tion-based cohort study. We selected participants who were registered in two south-
ern provinces, had exact information on gestational blood pressure and pregnancy 
outcomes, and were not affected by chronic hypertension. Logistic regression was 
used to adjust for the effects of the main potential confounders, including age, body 
mass index, education, occupation, ethnicity, folic acid use, and parity. The overall 
incidences of LBW and SGA were 2.25% and 5.86%, respectively. The incidences of 
LBW/SGA were 3.58%/7.58% and 6.02%/10.67% for gestational hypertension and 
pre-eclampsia group, relative to 2.11%/5.68% and 2.16%/5.74% for normal group. The 
adjusted odds ratios associated with gestational hypertension/pre-eclampsia were 
1.77 (95% CI: 1.63, 1.92)/3.01 (95% CI: 2.67, 3.40) for LBW and 1.40 (95% CI: 1.32, 
1.48)/2.02 (95% CI: 1.84, 2.22) for SGA, respectively. The early onset of gestational 
hypertension/pre-eclampsia appeared to be a relatively more detrimental exposure 
window for both LBW and SGA. Our results support an association between gesta-
tional hypertension or pre-eclampsia and the increased risk of LBW and SGA.
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1  |  INTRODUC TION

Low birthweight (LBW) remains an important global public health 
problem, and it plays a vital role in determining the survival of new-
borns in a vulnerable condition.1 LBW is associated with offspring's 
morbidity and mortality, growth disorders, and also chronic diseases 
in later life.2 It is estimated that more than 20 million babies are 
born with LBW worldwide annually.3 The global incidence of LBW 
has been reported as 15.5%, and Asia accounts for 75% of these 
infants.4,5 LBW infants delivered at term usually exhibit inadequate 
growth for gestational age, whereas those delivered pre-term in-
clude those with normal growth for gestational age and those with 
inadequate growth for gestational age. Abnormal blood pressure 
levels of pregnant women may be closely related to these adverse 
pregnancy outcomes.6,7

Gestational hypertension and pre-eclampsia are the most com-
mon hypertensive disorders of pregnancy, and they refer to women 
who develop novel hypertension after 20 weeks of gestation with/
without proteinuria.8 There have been conflicting results between 
gestational hypertension/pre-eclampsia and poor fetal growth.9–11 
Many epidemiologic findings suggested that women with both ges-
tational hypertension and pre-eclampsia would contribute to a high 
occurrence of LBW or small-for-gestational-age (SGA),12-14 some 
studies even found women with pre-eclampsia have a greater risk 
than gestational hypertension.15,16 Xiong et al17 investigated the ef-
fect of different types of hypertensive disorders of pregnancy on 
fetal growth with a retrospective cohort study in southern China. 
Their results showed that both pre-eclampsia and gestational hy-
pertension increased the risk of SGA after controlling for poten-
tial confounders. However, neither gestational hypertension nor 
pre-eclampsia was associated with LBW. The different clinical man-
ifestations, different spectrums of gestational hypertension/pre-ec-
lampsia,18 the definition of LBW/SGA,19,20 and whether important 
confounders have been accounted for17,21 may all affect the consis-
tency of diverse researches.

Therefore, we used the data from a large prospective popula-
tion-based cohort study to investigate whether gestational hyper-
tension or pre-eclampsia has any impact on the risk of LBW and 
SGA in China. In addition, we also assessed whether the impact of 
disease-onset time (early- or late-onset hypertensive disorders of 
pregnancy) on LBW and SGA is the same.

2  |  METHODS

2.1  |  Background and original cohort

The methods of the original study have been described previ-
ously.22,23 Beginning in 1993, the Chinese Ministry of Health has 
conducted a public health campaign to prevent neural tube defects 
in 21 counties among women in two southern provinces (Zhejiang 
and Jiangsu) and one northern province (Hebei). During this cam-
paign, all female residents who were planning to get married, or 

who became pregnant in the project counties, were registered in a 
pregnancy monitoring system. This system was used as the principal 
record of antenatal care and the source of demographic informa-
tion. All women were advised to take a pill solely containing 400 μg 
of folic acid every day, starting at the time of registration on the 
pregnancy monitoring system, and continuing until completion of 
the first trimester of pregnancy. The pills were distributed at the 
time of registration if the woman agreed to take folic acid. At the 
end of each month, health care workers recorded the dates of all 
menstrual periods and how many pills remained in each bottle (if the 
subject was taking pills). All births at 20 complete gestational weeks, 
including live births, stillbirths and pregnancy terminations, and all 
structural congenital anomalies, regardless of gestational week, 
were recorded. The original cohort included 247 831 women who 
registered with the pregnancy monitoring system between October 
1993 and September 1995 and who delivered by 31 December 
1996. The project was approved by the institutional review boards 
of the US Centers for Disease Control and Prevention and the 
Peking University Health Science Center. Since rural women in the 
study area were mostly illiterate in the early 1990s, all women who 
took pills provided oral informed consent.

3  |  SELEC TION OF STUDY SUBJEC TS

We selected the participants who were registered in two south-
ern provinces (Jiangsu Province and Zhejiang Province). These two 
neighboring provinces had detailed records about hypertensive 
disorders of pregnancy in their pregnancy monitoring system. Of 
215 871 women from the selected provinces, we excluded: 3247 
(1.50%) with outcomes of major external birth defects, neonatal 
death or stillbirth; 2155 (1.00%) for whom gestational age was un-
known, <28 weeks, or >45 weeks24; 8749 (4.05%) with multifetal 
gestation; 5711 (2.65%) women whose gestational hypertension 
diagnosis was unknown; and 8525 (3.95%) with unknown or out-
lier infant birthweight. After these exclusions, 201 484 participants 
(93.34% of the targeted population) were included in the final analy-
sis. Information regarding formation of the target recruitment popu-
lation, and derivation of the population used in the final analysis, is 
shown in Figure 1.

3.1  |  Diagnosis of gestational hypertension and 
pre-eclampsia

Appropriate cuff bladder size was determined at each visit based 
on arm circumference. Blood pressure was measured in the right 
arm with a mercury sphygmomanometer and was observed 
on two or more consecutive occasions with an interval of ≥6 h. 
Gestational hypertension was defined as an absolute blood pres-
sure ≥140/90 mm Hg after 20 weeks of gestation, or as a blood 
pressure increment of ≥30/15 mm Hg after 20 weeks of gestation 
as compared with the first trimester.25 Pre-eclampsia (including 
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F I G U R E  1  Flowchart of participants

Characteristics

Gestational hypertension 
group (n = 19 267)

Non-gestational 
hypertension group 
(n = 182 217)

pna  %b  na  %b 

Age at pregnancy
(years, mean [SD])

25.03 (3.35) 24.86 (3.19) <.001

Body mass index
(kg/m2, mean [SD])

20.78 (2.25) 20.50 (2.09) <.001

Primiparous 16 393 85.08 151 015 82.88 <.001

Han ethnic group 19 123 99.25 180 887 99.27 .786

Folic acid use 10 313 53.53 95 246 52.27 .001

Anemia during 
pregnancy

12 714 80.45 116 494 79.56 .009

Education

High school or higher 2019 10.48 20 126 11.05 .055

Junior high school 11 490 59.64 108 184 59.37

Primary school or 
lower

5758 29.89 53 907 29.58

Occupation

Farmer 11 039 57.29 108 008 59.27 <.001

Factory worker 5477 28.43 49 702 27.28

Other 2751 14.28 24 507 13.45

Abbreviation: SD, standard deviation.
aValues for some characteristics may not be equal to total numbers of gestational hypertension or 
non-gestational hypertension groups because of missing values. 
bValues for some characteristics may not be equal to 100 because of rounding. 

TA B L E  1  Characteristics of women 
who enrolled in the pregnancy monitoring 
system according to gestational 
hypertension, China, 1993 to 1996
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eclampsia) was defined as a blood pressure of ≥140/90 mm Hg or a 
blood pressure increment of 30/15 mm Hg after 20 weeks of ges-
tation, with concurrent proteinuria (a single random urine speci-
men containing at least 1+ protein by dipstick test) after 20 weeks 
of gestation.

3.2  |  Statistical analysis

We compared the mean age and body mass index (BMI), and dis-
tributions of folic acid use, parity, ethnic origin, education, and oc-
cupation between gestational hypertension and non-gestational 

TA B L E  2  Incidence and crude ORs of low birthweight (LBW) and small-for-gestational-age (SGA) according to gestational hypertension, 
pre-eclampsia, and other women's characteristics, China, 1993 to 1996

Characteristics No.

LBW SGA

Incidence (%) OR 95% CI Incidence (%) OR 95% CI

Age, year

<20 922 4.66 2.03 1.49, 2.77 8.35 1.36 1.08, 1.73

20–25 115 995 2.35 1 — 6.26 1 —

25–30 60 323 2.24 0.95 0.89, 1.02 5.65 0.90 0.86, 0.94

≥30 24 244 1.74 0.74 0.67, 0.82 4.36 0.68 0.64, 0.73

Body mass index, kg/m2

<18.5 28 695 2.94 1.37 1.27, 1.48 8.10 1.49 1.43, 1.57

18.5–23.9 161 069 2.17 1 — 5.57 1 —

24–27.9 10 765 1.71 0.78 0.68, 0.91 4.37 0.77 0.70, 0.85

≥28 955 1.88 0.87 0.54, 1.38 3.77 0.66 0.48, 0.93

Education

High school or higher 22 145 1.83 1 — 4.75 1 —

Junior high school 119 674 2.19 1.20 1.08, 1.33 5.70 1.21 1.13, 1.30

Primary school or 
lower

59 665 2.55 1.40 1.26, 1.57 6.60 1.42 1.32, 1.52

Occupation

Farmer 119 047 2.24 1 — 5.86 1 —

Factory worker 55 179 2.41 1.08 1.01, 1.15 6.29 1.08 1.03, 1.12

Other 27 258 2.02 0.90 0.82, 0.99 5.01 0.85 0.80, 0.90

Parity

Multiparous 34 076 1.92 1 — 4.21 1 —

Primiparous 167 408 2.32 1.21 1.12, 1.32 6.20 1.50 1.42, 1.59

Ethnicity

Han 200 010 2.24 1 — 5.85 1 —

Other 1474 3.53 1.59 1.21, 2.10 7.46 1.30 1.07, 1.58

Folic acid use

None 95 925 2.37 1 — 5.80 1 —

Use 105 559 2.14 0.90 0.85, 0.96 5.92 1.02 0.99, 1.06

Anemia during pregnancy

No 33 016 2.19 1 — 5.96 1 —

Yes 129 208 2.16 0.98 0.91, 1.07 5.79 0.97 0.92, 1.02

Gestational Hypertension

No 182 217 2.11 1 — 5.68 1 —

Yes 19 267 3.58 1.72 1.58, 1.87 7.58 1.36 1.29, 1.44

Pre-eclampsia

No 196 583 2.16 1 — 5.74 1 —

Yes 4901 6.02 2.90 2.57, 3.28 10.67 1.96 1.79, 2.15

Abbreviation: CI, confidence interval; and OR, odds ratio.
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hypertension subjects. Missing values of occupation and education 
were imputed using multiple imputation method (five repetitions). 
For the basic characteristics of different groups, we use Student's t 
test for quantitative variables and the chi-square test for categorical 
variables. We calculated the incidences of LBW or SGA in differ-
ent characteristic groups, respectively. Logistic regression models 
were used to calculate odds ratios (ORs) after adjusting for the main 
underlying confounders such as maternal age (continuous), BMI 
(continuous), education, occupation, parity, ethnicity, folic acid use, 
and anemia during pregnancy. The method we used was backward 
in multivariate logistic regression. Considering the different herit-
ability, clinical manifestations, and prognosis of early- and late-onset 
gestational hypertension and pre-eclampsia,8,26 we classified gesta-
tional hypertension and pre-eclampsia into two types: early-onset 
(onset at <28th week of gestation) and late-onset (onset at ≥28th 
week of gestation), and then compared the distribution of LBW and 
SGA according to different onset time of gestational hypertension 
and pre-eclampsia. The mean BMI was used if individual data were 
missing. All data were analyzed using SPSS for Windows software 
(ver. 20.0; SPSS Inc). Statistical significance was defined as two-
sided p < .05.

4  |  RESULTS

The final study population included 201 484 women. Table 1 sum-
marized the demographic and reproductive characteristics of those 
patients with gestational hypertension. Nearly, all participants were 
of the Han ethnicity. 19 267 (9.56%) had gestational hypertension 
and 4901 (2.43%) had pre-eclampsia, respectively. Compared with 
the non-gestational hypertension group, women with gestational 
hypertension tended to be older, of greater body sizes, to be primi-
parous, more likely occurring anemia, less educated, and were more 
likely to be factory workers.

The incidences of LBW and SGA and associations with differ-
ent characteristics were shown in Table 2. The incidences of LBW/
SGA were 3.58%/7.58% and 6.02%/10.67% for women with ges-
tational hypertension and pre-eclampsia, relative to 2.11%/5.68% 
and 2.16%/5.74% for women with normal blood pressure group. 
Compared as women with normal blood pressure group, the ORs 
of LBW/SGA regard to those with gestational hypertension and 
pre-eclampsia were 1.72 (95% CI: 1.58, 1.87)/1.36 (95% CI: 1.29, 
1.44) and 2.90 (95% CI: 2.57, 3.28)/1.96 (95% CI: 1.79, 2.15). Younger 
age, less body mass index, lower education, factory worker, being 
primiparous, non-Han ethnicity, and non-folic acid use were associ-
ated with elevated risk of LBW or SGA. The results before imputa-
tion for missing data of education and occupation were close to the 
results above.

After adjustment for the effects of these major confound-
ing factors, gestational hypertension and pre-eclampsia were still 
associated with increased risks of LBW/SGA with the ORs were 
1.77 (95% CI: 1.63, 1.92)/1.40 (95% CI: 1.32, 1.48) and 3.01 (95% 
CI: 2.67, 3.40)/2.02 (95% CI: 1.84, 2.22), respectively (Table 3). We 

further compared the distribution of LBW and SGA cases accord-
ing to different disease-onset time in Table 4. Although statistically 
significant in both early- and late-onset patients, the associations 
between gestational hypertension/pre-eclampsia with LBW and 
SGA appear stronger in early-onset pregnancies than in late-onset 
pregnancies. Considering that the history of pregnancy, delivery and 
other characteristics in multiparous population were substantially 
different from that in primiparous population, sensitivity analysis 
was performed to avoid the potential effect of parity on LBW and 
SGA. After the exclusion of 34 076 (16.9%) multiparous women, the 
remaining 167 408 primiparous women were included in the sensi-
tivity analysis. The results of sensitivity analysis were similar to the 
above results.

5  |  DISCUSSION

In this large population-based prospective cohort study, we ex-
plored the association of gestational hypertension and pre-eclamp-
sia with the risk of LBW and SGA. We found that both gestational 
hypertension and pre-eclampsia increased infants in terms of LBW 
and SGA status. The effects were evident in women diagnosed with 
both early and late onset of gestational hypertension as well as pre-
eclampsia. We also found a stronger risk increase in terms of LBW 
and SGA status in early-onset cases.

Our result is consistent with many similar findings in epidemio-
logic studies.14,20,27 Jaddoe et al14 reported that infant birthweight 
would reduce 16.9 and 50.6 g for per one-SD increment in systolic 
blood pressure and diastolic blood pressure at mean gestation of 
30.2 weeks (range 28.4–32.9 weeks). In a prospective early life 
cohort study of 1162 subjects, Pan et al12 also found higher sec-
ond-trimester blood pressure (median gestation of 27 weeks) was 
associated with smaller offspring size at birth, particularly in Chinese 
women. However, some other studies found that only severe gesta-
tional hypertension or pre-eclampsia could lead to an increase in the 
incidence of LBW or SGA.18,20,28 A retrospective cohort study found 
a U-shaped association between diastolic blood pressure and infant 
birthweight after 34 weeks of gestation.29 The conflicting findings 
of gestational hypertension or pre-eclampsia as a predictor of LBW 
may be explained by the differences in the characteristics of study 
populations, the types of study design and the outcome definition 
used. Hypertensive disorders of pregnancy, especially gestational 
hypertension and pre-eclampsia, may play an important role in in-
fants born with LBW and SGA. Those findings gave us clues that 
management of elevated blood pressure levels in pregnancy is es-
sential in the prevention of LBW and SGA status.

We also found stronger effect among pre-eclampsia pregnancies 
than gestational hypertension pregnancies. Our results were compa-
rable to the study by Jaddoe et al14 Changes in diastolic blood pres-
sure during pregnancy are more closely related to fetal growth than 
systolic blood pressure.9,10,29 Higher diastolic blood pressure level 
was also considered as a risk factor for pre-eclampsia. In non-hyper-
tensive pregnant women, blood pressure, especially diastolic blood 
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pressure, steadily decreases during the second trimester of preg-
nancy and then rises again until delivery. But in women with pre-ec-
lampsia, this intermediate drop in blood pressure would not occur. In 
contrast, blood pressure stabilized during the first half of pregnancy 
and then continued to increase until delivery.30 As a result, women 
with pre-eclampsia were more susceptible to increased diastolic 
blood pressure and are at greater risk of giving birth to infants with 
LBW or SGA. Other studies have found that uterine placental vascu-
lar disease is also a risk factor for pre-eclampsia.31 Poor remodeling 
of the spiral arteries would lead to decreased oxygen and nutrients 

delivery to the developing fetus, resulting in fetal growth restric-
tion. The hypoxia placenta also released anti-angiogenic factors to 
the mother in turn, causing the mother's inflammatory response (in-
cluding endothelial dysfunction and elevated blood pressure, et al), 
which may be the cause of pre-eclampsia.27 These studies also sug-
gested that pre-eclampsia and gestational hypertension may have 
different effect mechanisms on fetal growth and development. 
Women with different severe spectrum of pregnancy hypertensive 
disorders would have different physiological status. Our study fur-
ther compared the effects among pre-eclampsia pregnancies and 

Risk factor

LBW SGA

Adjusted ORa  95% CI Adjusted ORa  95% CI

Age (continuous) 1.04 1.02, 1.05 1.02 1.01, 1.03

Body mass index 
(continuous)

1.10 1.09, 1.12 1.11 1.10, 1.12

Factory worker 1.09 1.02, 1.17 1.07 1.02, 1.11

Other occupation 0.97 0.88, 1.08 0.88 0.82, 0.94

Junior high school 1.20 1.08, 1.35 1.20 1.12, 1.29

Primary school or lower 1.50 1.33, 1.70 1.53 1.41, 1.65

Primiparous 1.06 0.95, 1.18 1.39 1.29, 1.49

Other race 1.59 1.20, 2.10 1.29 1.06, 1.57

Folic acid use 0.83 0.78, 0.88 0.92 0.88, 0.95

Gestational hypertension

No 1 — 1 —

Yes 1.77 1.63, 1.92 1.40 1.32, 1.48

Pre-eclampsia

No 1 — 1 —

Yes 3.01 2.67, 3.40 2.02 1.84, 2.22

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for maternal age (continuous), BMI (continuous), education, occupation, parity, ethnicity, 
folic acid use, and anemia during pregnancy. 

TA B L E  3  The association of gestational 
hypertension and preeclampsia with 
low birthweight (LBW) and small-for-
gestational-age (SGA) in multivariate 
logistic regression, China, 1993 to 1996

TA B L E  4  The early onset and late onset of gestational hypertension and pre-eclampsia with risk of low birthweight (LBW) and small-for-
gestational-age (SGA)

Different onset 
times

LBW SGA

No.
Incidence 
(%)

Crude OR (95% 
CI)

Adjusted OR (95% 
CI)a 

Incidence 
(%)

Crude OR (95% 
CI)

Adjusted OR 
(95% CI)a 

Gestational hypertension

Nob  182 217 2.11 1 1 5.68 1 1

Early-onset 833 5.28 2.58 (1.90–3.50) 2.71 (1.99–3.68) 8.16 1.48 (1.15–1.89) 1.54 (1.20–1.98)

Late-onset 18 434 3.50 1.68 (1.54–1.83) 1.73 (1.59–1.88) 7.55 1.36 (1.28–1.44) 1.39 (1.31–1.47)

Pre-eclampsia

Nob  196 583 2.16 1 1 5.74 1 1

Early-onset 89 17.98 9.93 (5.78–17.07) 10.55 
(6.12–18.20)

16.85 3.33 (1.91–5.80) 3.54 (2.02–6.19)

Late-onset 4812 5.80 2.79 (2.46–3.16) 2.89 (2.55–3.28) 10.56 1.94 (1.77–2.13) 1.99 (1.81–2.19)

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for maternal age (continuous), BMI (continuous), education, occupation, parity, ethnicity, folic acid use, and anemia during pregnancy. 
bReference group. 
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gestational hypertension pregnancies. For women with pre-eclamp-
sia, more attention should be paid to the intrauterine growth and 
development of the fetus.

Our results also suggested that the earlier hypertensive disorders 
of pregnancy occurs, the more likely it would affect fetal intrauter-
ine growth and development. Few literatures have compared the 
effects of gestational hypertension and pre-eclampsia occurring at 
different time on adverse pregnancy outcomes. A recent case-control 
study found that compared with the late-onset pre-eclampsia group 
(>34 weeks), the early-onset pre-eclampsia group had lower average 
birthweight of infants and a higher incidence of other adverse preg-
nancy outcomes, such as preterm birth.32 Jelin et al33 also found that 
the rate of SGA in newborns of women with early-onset pre-eclamp-
sia was three times higher than that of women without pre-eclampsia 
(18% vs 6%). This is consistent with the results of our study. The Avon 
longitudinal study of parents and children suggested the fetal growth 
would be more restricted with the blood pressure increased from the 
18 weeks of gestation.27 The increase of diastolic blood pressure in the 
second trimester (18–30 weeks) had a significantly higher impact on 
LBW and SGA than that in the third trimester (30–36 weeks), and this 
was true even in pregnant women whose blood pressure did not cross 
the threshold for hypertensive disorders of pregnancy. Birthweight is 
mainly determined by the duration of intrauterine growth, so a longer 
abnormal physiological status would cause more LBW and SGA cases. 
Together with above findings, we thought that early or late onset of 
hypertensive disorders of pregnancy may result from distinct mecha-
nisms and the effect should be observed separately.

The most common pathophysiologic mechanism of LBW and 
SGA status is decreased uteroplacental blood perfusion. Higher 
blood pressure during pregnancy is characterized by both endothe-
lial dysfunction and decreased placental perfusion.34 Uteroplacental 
vasculopathy, including histopathologic lesions and intravascular 
coagulation, is associated with fetal growth restriction.35 There are 
also animal models suggesting that hypertension during pregnancy 
is associated with inadequate perfusion of placental blood flow.36,37 
Increased blood pressure may also affect the development of the 
placental villous tree and lead to the decline of placental function, 
thus resulting in reduced fetal growth and lower birthweight.38

There were several strengths in our study. The work was a popula-
tion-based, prospective cohort study. We collected data on exposure 
and outcomes, thereby minimizing the risks of selection and recall bias. 
Hypertension was diagnosed by measuring blood pressure directly, 
thus minimizing the likelihood of misclassification bias. In addition, we 
evaluated LBW and SGA while excluding congenital malformations 
and stillbirths, thereby reducing information bias. The environment, 
climate and living habits are similar in both regions, and the population 
is ethnically homogenous with more than 99% of our population being 
Han Chinese. The sample size was large enough for us to detect both 
overall and subgroup effects. Detailed clinical records enabled us to 
examine associations among more subtypes of LBW, and different 
gestational ages of gestational hypertensive disorders.

Limitations should also be acknowledged in the interpretation of 
our findings. This study was based on existing data, some unmeasured 

confounding factors, such as maternal smoking and drinking, could not 
be accounted for. However, smoking and drinking were both rare in 
Chinese women at the time of our study, especially among reproduc-
tive-age women living in rural regions. A survey conducted in 1996 on 
the national prevalence of smoking in China showed that the smok-
ing prevalence among women aged 20–29 years was <2%.39 Another 
limitation in our study pertained the population selection. The origi-
nal study cohort included two southern provinces and one northern 
province. Our current analysis did not include the northern province 
because detailed clinical records of hypertensive diagnosis during 
pregnancy were not available. Finally, we calculated gestational age 
based on menstrual dates, which could potentially lead to misclassifi-
cation of SGA outcomes, resulting in an underestimation of risk.

Overall, this study provided a comprehensive insight into the 
impact of different conditions of hypertension in pregnancy (ges-
tational hypertension and pre-eclampsia, respectively) on LBW and 
SGA, and further compared whether the effects vary on different 
disease-onset time. Our results confirm that gestational hyperten-
sion and pre-eclampsia could both significantly increase the risk of 
LBW and SGA, and this effect was even more obvious in early-onset 
groups. Pre-eclampsia has a greater influence than gestational hy-
pertension on the etiology of LBW and SGA status. Our findings may 
contribute data important with respect to the modification of pub-
lic health policies for prevention of LBW. We also suggest that hy-
pertensive disorders of pregnancy represents a major public health 
challenge, such that the Chinese government should take prophy-
lactic measures to increase awareness of the health risks associated 
disorders of pregnancy represents.
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