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	 Background:	 The association between excessive gestational weight gain (GWG) and the risk of hypertensive disorders of 
pregnancy (HDP) remains uncertain in women with increased water retention in late gestation associated with 
the pathophysiology of HDP. This study aimed to investigate the association between GWG before the third tri-
mester and the risk of HDP.

	 Material/Methods:	 This was a prospective cohort study in singleton-pregnant women in Tianjin, China, from 2016. Generalized lin-
ear models were used to analyze the relationship between weight gain and the risk of HDP.

	 Results:	 A total of 5295 singleton-pregnant women were included. Even after adjusting for relevant confounders, weight 
gain at approximately 28 weeks remained an independent risk factor for HDP in the normal-weight group. 
Compared to the reference of low weight gain (<–1 SD), weight gain >+1 SD was associated with an approxi-
mately 2.0 times greater likelihood of HDP (RR: 2.08, 95% CI: 1.06–4.08). Moreover, there was a positive rela-
tionship between weight gain in the short interval of early pregnancy and risk of HDP in overweight women.

	 Conclusions:	 Excessive weight gain before the third trimester was associated with a greater risk of developing HDP among 
women with early-pregnancy normal weight, which may provide a chance to identify subsequent hyperten-
sive disorders. Additional research is needed to determine whether early-pregnancy weight gain is associated 
with HDP risk.
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Background

Hypertensive disorders of pregnancy (HDP), including gesta-
tional hypertension, preeclampsia, and eclampsia, are high-
risk factors for future cardiovascular events in women [1,2]. 
Studies have shown that women with HDP and their offspring 
have significantly higher risks of cardiovascular events in the 
future [3–5]; therefore, early diagnosis and prevention of HDP 
may improve their long-term health. Obesity has been re-
ported to be a modifiable risk factor for HDP in several stud-
ies [6–8], but the association between excessive gestational 
weight gain and the risk of HDP remains uncertain or insuffi-
cient [9–11]; greater weight gain is related to a longer preg-
nancy duration and edema during pregnancy, mainly in the 
third trimester. Considering HDP as a disorder typically iden-
tified by new-onset hypertension in the second half of preg-
nancy, mainly in the third trimester, the relationship between 
weight gain before the third trimester and the incidence of 
HDP are uncertain, and there have been few studies on this 
topic in the Chinese population.

Conventional measures of gestational weight gain (GWG) can 
introduce bias into epidemiologic studies of GWG and adverse 
perinatal outcomes, such as premature birth, neonatal death, 
stillbirth, and preeclampsia, because both are correlated with 
gestational duration [10,12,13]. The gestational age-specific 
z-score of weight gain is a new measure to evaluate weight 
gain, which is independent of gestational duration. Compared 
with GWG, it correlates better with preterm birth [12]. Whether 
the gestational age-specific z-score of weight gain is suitable 
to assess the risk of HDP remains undetermined.

The main aim of the present study was to assess weight gain 
in 4 gestational periods  16 weeks (14+0, 17+6), 20 weeks (18+0, 
21+6), 24 weeks (22+0, 25+6), and 28 weeks (26+0, 29+6) – and 
the risk of HDP in 4 early-pregnancy BMI categories – under-
weight (<18.5 kg/m2), normal-weight (18.5~23.9 kg/m2), over-
weight (24.0~27.9 kg/m2), and obesity (³28.0 kg/m2)]. We also 
aimed to assess these relationships using the gestational age-
specific z-score for weight gain.

Material and Methods

Study design

This was a prospective cohort study of singleton-pregnant 
women in Tianjin, China, from 2016. This study was approved 
by the Medical Ethics and Human Clinical Trial Committee of 
the local hospital, and all participants agreed to participate 
in the study and signed a written informed consent form. 
Participants were recruited from 19 community hospitals if 
they met the following criteria:

Inclusion criteria: (I) Singleton pregnancy; (II) Gestational age 
at enrolment <13 completed weeks; and (III) No presence of 
chronic hypertension. Exclusion criteria: (I) Incomplete or ab-
normal enrolment information or follow-up information; (II) 
Pregnancy termination for various reasons before 24 weeks 
of pregnancy; and (III) Systolic blood pressure ³140 mmHg 
(1 mmHg=0.133 kPa) and/or diastolic blood pressure ³90 mmHg 
before 20 weeks of pregnancy.

The participants completed a pre-designed questionnaire to 
collect baseline characteristics, including age, ethnicity, ed-
ucation level, family history, pregnancy, and delivery times. 
Height and weight at enrolment were simultaneously record-
ed. Gestational age was calculated according to the last men-
strual period and checked by B-ultrasonic examination in ear-
ly pregnancy. Pregnant women were followed up once every 
4 weeks up to 28~30 weeks of gestation, and the diagnoses 
were recorded by the medical record system of the hospitals 
for delivery.

Observation outcomes

The early pregnancy BMI was calculated based on mater-
nal height and weight recorded at the first prenatal visit. 
Gestational weight gain was defined as the difference be-
tween the weight at the corresponding gestational age and 
the weight at the first prenatal visit. Patients with weight gain 
above or below 4 SD of each group at each gestational age 
were flagged and excluded according to their weight trajecto-
ry and clinical plausibility. If there were multiple weight mea-
surements during some periods, the last one was analysed. 
The weight gain z-score was calculated using BMI-specific z-
score charts for Chinese women [14]. The z-scores were ana-
lysed as continuous variables and categorical variables, refer-
ring to the method used by Bodnar et al. [11]; the weight gain 
z-score was modelled as a 3-level categorical variable (<–1 SD, 
–1 to +1 SD, >+1 SD), where <–1 SD was the reference catego-
ry, which was assumed to indicate low HDP risk.

The diagnostic criteria for HDP were based on the Guidelines 
for the Diagnosis and Treatment of Hypertensive Disorders in 
Pregnancy (2015) [15]. Gestational hypertension was defined 
as a systolic blood pressure ³140 mmHg and/or diastolic blood 
pressure ³90 mmHg after 20 weeks of pregnancy, which re-
turned to normal within 12 weeks after delivery, and a nega-
tive urine protein test. Preeclampsia was defined as a systol-
ic blood pressure ³140 mmHg and/or diastolic blood pressure 
³90 mmHg after 20 weeks of pregnancy accompanied by any 
of the following: urine protein ³0.3 g/24 h, urine protein/cre-
atinine ratio ³0.3, random urine protein ³(+) (examination 
method when urinary protein quantification could not be per-
formed), or no proteinuria but heart, lung, liver, kidney or oth-
er important organ involvement or abnormal changes in the 
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blood system, digestive system, nervous system, or the fetus. 
Eclampsia was defined as seizures that occurred during pre-
eclampsia that could not be explained by other causes.

Statistical analyses

Quartiles and percentage counts were used to describe the 
baseline characteristics of pregnant women. Non-parametric 
tests and chi-square tests were used to analyze the differenc-
es between groups. Relative risks (RRs) with 95% confidence 
intervals (CIs) were obtained using general linear models to 
analyse the relationship between weight gain or weight gain 
z-scores at the corresponding gestational week and the risk 
of HDP. Moreover, analyses were adjusted for the age at en-
rolment, early-pregnancy BMI, primipara, and family history of 
hypertension. Statistical analyses were performed using SPSS 
version 23.0 (IBM Corp, Armonk, NY, USA) and STATA version 
14.0 (Stata Corp, College Station, TX, USA).

Results

A total of 6081 non-hypertensive singleton-pregnant women 
with a gestational age at enrolment of <13 completed weeks 
were enrolled. Among these women, 28 were eventually di-
agnosed with chronic hypertension or chronic hypertension 
complicated with preeclampsia; 166 women had terminated 
pregnancies for various reasons before 24 weeks; 355 women 
withdrew from follow-up or were lost to follow-up; 109 par-
ticipants had incomplete enrolment or delivery information or 
illogical weight records; and 128 participants had £2 weight 
measurements in the 4 periods. Finally, 5295 pregnant wom-
en were included. The study flowchart is outlined in Figure 1.

The characteristics of the 5295 women who participated in 
the study are presented in Table 1. Among them, 512 (9.7%), 

3231 (61.0%), 1156 (21.8%), and 396 (7.5%) women were 
underweight, normal-weight, overweight, and obese, respec-
tively. There were 177 cases of preeclampsia, 3 cases of ec-
lampsia, and 105 cases of gestational hypertension. The total 
incidence of HDP was 5.4%. The corresponding incidence rates 
of HDP in the underweight, normal-weight, overweight, and 
obese groups were 2.3%, 3.5%, 9.3%, and 13.1%, respectively. 
In this Chinese cohort, 96% were of Han ethnicity, which is the 
ethnic majority in China, and 69% were nulliparous. The mean 
maternal age at enrolment was 30 years. With the increase in 
early-pregnancy BMI, the chance of developing HDP gradually 
increased, and the mean weight gain during each gestational 
period gradually decreased. However, there was no significant 
difference in weight gain z-scores between the 4 BMI groups.

Tables 2 and 3 compare the characteristics of women with or 
without HDP overall and in each BMI group. Overall, compared 
to women who did not progress to HDP, women who even-
tually progressed to HDP had higher early-pregnancy BMIs, 
were more likely to be primipara, and had family histories 
of hypertension and caesarean section, but they had a lower 
gestational age at delivery and lower neonatal weight. There 
were no statistically significant differences in education lev-
el, gestational age at enrolment, or neonatal sex. In the un-
derweight group, only weight gain and weight gain z-scores 
of women with HDP at approximately 28 weeks were high-
er than those of the control group, and there were no signifi-
cant differences in the other parameters. In the normal-weight 
group, which accounted for 61% of the entire cohort, weight 
gain in women with HDP at approximately 24–28 weeks and 
weight gain z-scores at approximately 28 weeks were higher 
than those of the control group. In the overweight and obese 
groups, weight gain and weight gain z-scores of women with 
HDP at approximately 16 weeks were higher than those of 
normotensive women in the overweight group, while the op-
posite result was obtained in the obese group. There were no 
significant differences in weight gain and the weight gain z-
scores in the other periods.

Crude and adjusted RRs for weight gain or weight gain z-scores 
before the third trimester and the risk of HDP according to 
early-pregnancy BMI category are shown in Table 4. In under-
weight women, weight gain at approximately 28 weeks was 
positively correlated with the risk of HDP (crude RR: 1.23, 95% 
CI: 1.02–1.47). After adjusting for confounding factors, such 
as age, early pregnancy BMI, primipara, and family history of 
hypertension, the adjusted RR was 1.21 (95% CI: 1.01–1.45). 
The association of the weight gain z-score at approximate-
ly 28 weeks with the risk of HDP was null. Considering the 
small sample and the low incidence of HDP in the underweight 
group, the test efficiency may have been insufficient. Weight 
gain and weight gain z-scores at approximately 28 weeks in 
the normal-weight group were associated with the risk of HDP 

Figure 1. Study flowchart.

Singleton, gestational week at enrollment <13 weeks non-hypertensive N=6081

Chronic hypertension N=28
Termination before 24 weeks N=166
Withdrawal from follow-up N=355

Data collation

Incomplete enrollment or delivery information N=89
Illogical weight information N= 20
Weight measurement ≤2 times N=128

5295 Participants included
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Characteristics Total Under Weight Normal Weight Overweight Obese P 

Sample n=5295 n=512 n=3231 n=1156 n=396

HDP 	 285	 (5.4%) 	 12	 (2.3%) 	 113	 (3.5%) 	 108	 (9.3%) 	 52	 (13.1%) 0.000 

Age (year) 	 30	 (28, 33) 	 29	 (27, 31) 	 30	 (28, 33) 	 31.0	 (29, 34) 	 31	 (29, 34) 0.000 

Ethnicity (Han) 	 5084	 (96.0%) 	 494	 (96.5%) 	 3093	 (95.7%) 	 1112	 (96.2%) 	 385	 (97.2%) 0.459 

Education level (year) 0.000

	 £9 	 909	 (17.2%) 	 87	 (17.0%) 	 490	 (15.2%) 	 224	 (19.4%) 	 108	 (27.3%)

	 9 to 12 	 3809	 (71.9%) 	 375	 (73.2%) 	 2354	 (72.9%) 	 816	 (70.6%) 	 264	 (66.7%)

	 >12 	 577	 (10.9%) 	 50	 (9.8%) 	 387	 (12.0%) 	 116	 (10.0%) 	 24	 (6.1%)

Primipara 	 3656	 (69.0%) 	 414	 (80.9%) 	 2247	 (69.5%) 	 739	 (63.9%) 	 256	 (64.6%) 0.000 

Family history of 
hypertension

	 995	 (18.8%) 	 82	 (16.0%) 	 571	 (17.7%) 	 248	 (22.5) 	 94	 (23.7%) 0.001 

BMI at enrolment, 
kg/m2

21.9 
(19.9, 24.5)

17.7
(17.1, 18.2)

21.1
(19.9, 22.4)

25.4
(24.7, 26.6)

29.9
(28.7, 31.3)

0.000 

GW at enrolment, 
week

11+0

(9+5, 12+1)
11+1

(10+0, 12+2)
11+0

(9+5, 12+1)
10+6

(9+5, 12+1)
11+2

(9+5, 12+1)
0.289 

GW at delivery, week
39+2

(38+4, 40+1)
39+3

(38+5, 40+2)
39+3

(38+4, 40+2)
39+2

(38+3, 40+1)
39+0

(38+2, 39+6)
0.000 

Caesarean section 	 2720	 (51.4%) 	 178	 (34.8%) 	 1542	 (47.7%) 	 705	 (61.0%) 	 295	 (74.5%) 0.000 

Neonatal sex (Male) 	 2807	 (53.0%) 	 264	 (51.6%) 	 1682	 (52.1%) 	 629	 (54.4%) 	 232	 (58.6%) 0.059 

Neonatal height, cm 	50 (50, 51) 	 50	 (49, 50) 	 50	 (50.51) 	 50	 (50, 51) 	 50	 (50, 51) 0.000 

Neonatal weight, g
3360

(3070, 3650)
3215

(2980, 3450)
3340

(3055, 3600)
3440

(3150, 3730)
3495

(3180, 3820)
0.000 

Neonatal score 	 10	 (9, 10) 	 10	 (9, 10) 	 10	 (9, 10) 	 10	 (9, 10) 	 10	 (9, 10) 0.279 

GWG

	 16 weeks, kg 	 1.0	 (0.3, 2.0) 	 1.5	 (0.5, 2.5) 	 1.0	 (0.5, 2.0) 	 1.0	 (0.2.0) 	 1.0	 (0.2.1) 0.000 

	 20 weeks, kg 	 3.5	 (2.3, 5.0) 	 4.0	 (3.0, 5.5) 	 3.8	 (2.5, 5.0) 	 3.3	 (2.0, 4.8) 	 2.5	 (1.0, 4.0) 0.000 

	 24 weeks, kg 	 6.0	 (4.5, 7.85) 	 7.0	 (5.0, 8.0) 	 6.0	 (4.6, 8.0) 	 5.5	 (3.9, 7.5) 	 4.9	 (3.0, 6.5) 0.000 

	 28 weeks, kg 	 8.5	 (6.5, 10.5) 	 9.0	 (7.0, 11.0) 	 9.0	 (7.0, 10.5) 	 7.9	 (6.0, 10.0) 	 6.1	 (4.4, 8.7) 0.000 

Z-score

	 16 weeks
–0.16

(–0.82, 0.47)
–0.14

(–0.82, 0.42)
–0.18

(–0.75, 0.42)
–0.17

(–0.97, 0.49)
0.01

(–0.78, 0.7)
0.204 

	 20 weeks
0.14

(–0.58, 0.68)
0.17

(–0.47, 0.64)
0.11

(–0.58, 0.68)
0.17

(–0.58, 0.73)
0.13

(–0.78, 0.85)
0.506 

	 24 weeks
0.08

(–0.61, 0.7)
0.10

(–0.6, 0.61)
0.04

(–0.62, 0.7)
0.10

(–0.63, 0.72)
0.18

(–0.57, 0.78)
0.779 

	 28 weeks
0.10

(–0.52, 0.7)
0.09

(–0.59, 0.71)
0.13

(–0.43, 0.68)
0.06

(–0.59, 0.71)
0.05

(–0.65, 0.72)
0.726 

Table 1. Baseline characteristics of pregnancies according to early-pregnancy BMI category.

HDP – hypertensive disorders during pregnancy; Han ethnicity – the ethnic majority in China; BMI – body mass index; 
GW – gestational week; GWG – gestational weight gain.
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Characteristic
Total (N=5295) Underweight (N=512) Normal weight (N=3231)

CG HDP P CG HDP P CG HDP P

Sample
N=5010, 
94.6%

N=285, 
5.4%

N=500, 
97.7%

N=12, 
2.3%

N=3118, 
96.5%

N=113, 
3.5%

Age, y
30 

(28, 33)
31 

(28, 34)
0.075

29 
(27, 31)

28 
(27, 30)

0.524
30 

(28, 33)
29 

(28, 34)
0.915

Ethnicity (Han)
4803 

(95.9%)
281 

(98.6%)
0.022

482 
(96.4%)

12 
(100%)

1.000
2982 

(95.6%)
111 

(98.2%)
0.271

Primipara
3438 

(68.6%)
218  

(76.5%)
0.005

404 
(80.8%)

10 
(83.3%)

1.000
2151 

(69.0%)
96 

(85.0%)
0.000

FH of hypertension
911 

(18.2%)
84 

(29.5%)
0.000

81 
(16.2%)

1 
(8.3%)

0.737
538  

(17.3%)
33 

(29.2%)
0.001

BMI at enrolment, 
kg/m2

21.8 
(19.9, 24.3)

24.9 
(21.7, 27.2)

0.000
17.7 

(17.1, 18.2)
18 

(17, 18.1)
0.697

21.1 
(19.9, 22.3)

21.6 
(20.3, 22.9)

0.018

GW at enrolment, week
11+0 

(9+5, 12+1)
11+0 

(9+5, 12+0)
0.851

11+1 
(10+0, 12+2)

10+4 
(10+0, 11+5)

0.399
11+0 

(9+5, 12+1)
10+4 

(9+2, 11+6)
0.078

GW at delivery, week
39+3 

(38+4, 40+1)
38+5 

(37+5, 39+6)
0.000

39+3 
(38+6, 40+1)

39+6 
(38+4, 40+4)

0.429
39+3 

(38+4, 40+2)
38+5 

(37+5, 39+6)
0.000

Caesarean section
2527 

(50.4%)
193 

(67.7%)
0.000

173 
(34.6%)

5 
(41.7%)

0.840
1470 

(47.1%)
72 

(63.7%)
0.001

Neonatal sex (Male)
2658 

(53.1%)
149 

(52.3%)
0.799

258 
(51.6%)

6 
(50.5%)

0.913
1627 

(52.2%)
55 

(48.7%)
0.463

Neonatal height, cm
50 

(50, 51)
50 

(48, 50)
0.000

50 
(49, 50)

50 
(46, 51)

0.671
50 

(50, 51)
50 

(48, 50)
0.000

Neonatal weight, g
3360 

(3084, 3650)
3200 

(2835, 3535)
0.000

3220 
(2980, 3450)

3165 
(2938, 3455)

0.763
3350 

(3070, 3620)
3130 

(2715, 3500)
0.000

Neonatal score
10 

(9, 10)
10 

(9, 10)
0.035

10 
(9, 10)

9 
(9, 10)

0.080
10 

(9, 10)
9 

(9, 10)
0.006

Education level, years

	 £9
885 

(17.3%)
44  

(15.4%)

0.472

87 
(20.5%)

0 
(0.0%)

/

472 
(15.1%)

18 
(15.9%)

0.751	 9 to 12
3595 

(71.8%)
214  

(75.1%)
364 

(68.7%)
11 

(91.7%)
2270 

(72.8%)
84 

(74.3%)

	 >12
550 

(11.0%)
27  

(9.5%)
49 

(10.8%)
1 

(8.3%)
376 

(12.1%)
11 

(9.7%)

GWG, kg

	 16 weeks
1.0 

(0.25, 2.0)
1.0 

(0.0, 2.3)
0.991

1.5 
(0.50, 2.5)

1.3 
(0.7, 3.6)

0.930
1.0 

(0.5, 2.0)
1.3 

(0.5, 2.5)
0.447

	 20 weeks
3.5 

(2.3, 5.0)
3.5 

(2.0, 4.7)
0.147

4.0 
(3.0, 5.5)

3.9 
(2.8, 6.5)

0.957
3.8 

(2.5, 5.0)
4.0 

(2.5, 5.5)
0.338

	 24 weeks
6.0 

(4.5, 7.9)
6.0 

(4, 7.5)
0.381

7.0 
(6.2, 9.4)

7.5 
(6.2, 9.4)

0.218
6.0 

(4.6, 8.0)
6.75 

(5.0, 8.1)
0.048

	 28 weeks
8.5 

(6.5, 10.5)
8.0 

(6.0, 10.5)
0.555

9 
(7.0, 11.0)

10.8 
(9.4, 14.4)

0.045
8.9 

(7.0, 10.5)
9.1 

(7.1, 11.3)
0.019

Z-score around 16 
weeks

–0.16 
(–0.82, 0.45)

–0.16 
(–0.77, 0.63)

0.124
–0.14 

(–0.82, 0.39)
–0.30 

(–0.71, 0.79)
0.876

–0.20 
(–0.77, 0.36)

–0.16 
(–0.75, 0.63)

0.257

	 <–1 SD 9.6% 11.0%

0.205

10.4% 10.0%

/

9.4% 11.9%

0.092	 –1 to +1 SD 81.8% 77.6% 78.1% 70.0% 81.4% 73.3%

	 >+1 SD 8.6% 11.4% 11.5% 20.0% 9.2% 14.9%

Table 2. Descriptive characteristics of pregnancies with and without HDP in different early-pregnancy BMI categories.
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Table 2 continued. Descriptive characteristics of pregnancies with and without HDP in different early-pregnancy BMI categories.

Characteristic
Total (N=5295) Underweight (N=512) Normal weight (N=3231)

CG HDP P CG HDP P CG HDP P

Z-score around 20 
weeks

0.13 
(–0.58, 0.68)

0.21 
(–0.48, 0.71)

0.373
0.17 

(–0.47, 0.64)
0.22 

(–0.48, 0.83)
0.878

0.08 
(–0.58, 0.68)

0.23 
(–0.43, 0.88)

0.088

	 <–1 SD 10.9% 8.6%

0.468

12.6% 9.1%

/

10.8% 8.4%

0.031	 –1 to +1 SD 78.9% 80.1% 74.6% 72.7% 78.5% 72.9%

	 >+1 SD 10.2% 11.2% 12.8% 18.2% 10.7% 18.7%

Z-score around 24 
weeks

0.08 
(–0.61, 0.69)

0.23 
(–0.52, 0.76)

0.223
0.05 

(–0.60, 0.61)
0.31 

(0.01, 0.96)
0.237

0.04 
(–0.62, 0.70)

0.33 
(–0.43, 0.81)

0.061

	 <–1 SD 12.7% 9.4%

0.195

12.4% 16.7%

/

14.0% 11.9%

0.087	 –1 to +1 SD 75.1% 79.5% 71.4% 58.3% 72.3% 67.0%

	 >+1 SD 12.2% 11.2% 16.1% 25.0% 13.7% 21.1%

Z-score around 28 
weeks

0.10 
(–0.53, 0.70)

0.26 
(–0.42, 0.84)

0.049
0.09 

(–0.63, 0.71)
0.63 

(0.18, 1.50)
0.038

0.13 
(–0.43, 0.66)

0.31 
(–0.30, 0.99)

0.011

	 <–1 SD 13.1% 11.2%

0.222

14.8% 8.3%

/

13.3% 10.7%

0.015	 –1 to +1 SD 73.6% 72.3% 69.5% 50.0% 73.7% 67.0%

	 >+1 SD 13.2% 16.5% 15.8% 41.7% 12.9% 22.3%

CG – control group; HDP – hypertensive disorder during pregnancy; Han ethnicity – the ethnic majority in china; FH – family history; 
BMI – body mass index; GW – gestational week; GWG – gestational weight gain; SD – standard deviation.

Characteristic
Overweight n=1156 Obese n=396

CG HDP P CG HDP P

Sample N=1048, 90.7% N=108, 9.3% N=344, 86.9% N=52, 13.1%

Age, years 	 31	 (29, 34) 	 31	 (28, 34) 0.973 	 31	 (29, 34) 	 32	 (29, 35) 0.159

Ethnicity (Han) 	 1005	 (95.9%) 	 107	 (99.1%) 0.168 	 334	 (97.1%) 	 51	 (98.1%) 1.000

Primipara 	 663	 (63.3%) 	 76	 (70.4%) 0.143 	 220	 (64.0%) 	 36	 (69.2%) 0.458

FH of hypertension 	 210	 (20.0%) 	 38	 (23.2%) 0.000 	 82	 (23.8%) 	 12	 (23.1%) 0.904

BMI at enrolment kg/m2 25.4  
24.6, 26.4)

25.9 
(25.1, 26.9)

0.001
29.9 

(28.7, 31.3)
30.5 

(29, 31.9)
0.235

GW at enrolment weeks
10+6 

(9+5, 12+1)
11+3 

(10+4, 12+3)
0.013

11+2 
(9+5, 12+1)

10+6 
(9+5, 11+6)

0.318

GW at delivery, weeks
39+ 

38+3, 40+1)
38+5 

(37+4, 39+6)
0.004

39+0 
(38+3, 39+6)

39+0 
(37+4, 39+5)

0.152

Caesarean section 	 624	 (59.5%) 	 81	 (75.0%) 0.002 	 260	 (75.6%) 	 35	 (67.3%) 0.202

Neonatal sex (male) 	 571	 (54.5%) 	 58	 (53.7%) 0.877 	 202	 (58.7%) 	 30	 (57.7%) 0.888

Neonatal height, cm 	 50	 (50, 51) 	 50	 (48, 50) 0.000 	 50	 (50, 51) 	 50	 (49, 50) 0.018

Neonatal weight, g
3450 

(3170, 3750)
3250 

(2843, 3598)
0.000

3503 
(3200, 3850)

3260 
(3028, 3675)

0.005

Table 3. Descriptive characteristics of pregnancies with and without HDP in different early-pregnancy BMI categories.
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Table 3 continued. Descriptive characteristics of pregnancies with and without HDP in different early-pregnancy BMI categories.

CG – control group; HDP – hypertensive disorder during pregnancy; Han ethnicity – the ethnic majority in china; FH – family history; 
BMI – body mass index; GW – gestational week; GWG – gestational weight gain; SD – standard deviation.

Characteristic
Overweight n=1156 Obese n=396

CG HDP P CG HDP P

Neonatal score 	 10	 (9, 10) 	 10	 (9, 10) 0.840 	 10	 (9, 10) 	 10	 (9, 10) 0.448

Education level, years

	 £9 	 209	 (19.9%) 	 15	 (13.9%)

0.311

	 97	 (28.2%) 	 11	 (21.2%)

0.521	 9 to 12 	 734	 (70.0%) 	 82	 (75.9%) 	 227	 (66.0%) 	 37	 (71.2%)

	 >12 	 105	 (10.0%) 	 11	 (10.2%) 	 20	 (5.8%) 	 4	 (7.7%)

GWG, kg

	 16 weeks 	 1.0	 (0, 2) 	 1.3	 (0.2, 2.3) 0.069 	 1.0	 (0.0, 2.0) 	 0.5	 (–1, 2.3) 0.448

	 20 weeks 	 3.3	 (2.0, 4.9) 	 3.5	 (2.0, 4.3) 0.963 	 2.5	 (1.0, 4.3) 	 2.3	 (0, 3.9) 0.270

	 24 weeks 	 5.5	 (3.8, 7.5) 	 5.2	 (4.0, 7.3) 0.961 	 5.0	 (3.0, 6.5) 	 4.5	 (2.1, 6.8) 0.541

	 28 weeks 	 8.0	(6.0, 10.0) 	7.8(6.0, 10.0) 0.876 	 6.3	 (4.0, 8.8) 	 6.0	 (5.0, 8.3) 0.929

Z-score around 16 weeks
–0.17 

(–0.97, 0.45)
0.02 

(–0.54, 0.74)
0.014

0.01 
(–0.77, 0.70)

–0.36 
(–1.90, 0.62)

0.042

	 <–1 SD 10.5% 4.3%

0.026

8.3% 21.6%

0.010	 –1 to +1 SD 84.0% 84.9% 83.8% 74.5%

	 >+1 SD 5.5% 10.8% 7.9% 3.9%

Z-score around 20 weeks
–0.06±1.43;

0.17 (–0.58, 0.78)
0.07±0.88;

0.17 (–0.29, 0.63)
0.815

–0.14 (1.77);
0.18 (–0.65, 0.88)

–0.27 (1.39);
0.04 (–1.39, 0.62)

0.302

	 <–1 SD 10.9% 5.9%

0.105

8.9% 14.6%

0.459	 –1 to +1 SD 80.5% 89.1% 84.8% 79.2%

	 >+1 SD 8.7% 5.0% 6.3% 6.3%

Z-score around 24 weeks 0.10 (–0.63, 0.72) 0.05 (–0.58, 0.69) 0.943 0.20 (–0.56, 0.78) 0.02 (–0.74, 0.81) 0.730

	 <–1 SD 10.4% 7.5%

0.083

7.9% 5.9%

0.720	 –1 to +1 SD 81.6% 89.6% 86.1% 90.2%

	 >+1 SD 8.0% 2.8% 6.0% 3.9%

Z-score around 28 weeks 0.06 (–0.59, 0.74) 0.17 (–0.50, 0.61) 0.887 0.04 (–0.66, 0.72) 0.05 (–0.38, 0.68) 0.799

	 <–1 SD 12.2% 12.4%

0.635

11.4% 10.2%

0.962	 –1 to +1 SD 74.0% 77.1% 78.0% 79.6%

	 >+1 SD 13.8% 10.5% 10.5% 10.2%
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Underweight Normal weight

Crude RR (95% CI) Adjust RR (95% CI) Crude RR (95% CI) Adjust RR (95% CI)

16 weeks

GWG 	 1.04	 (0.69, 1.57) 	 1.03	 (0.69, 1.55) 	 1.08	 (0.93, 1.21) 	 1.08	 (0.96, 1.21)

Z-score

Continuous 	 0.91	 (0.58, 1.45) 	 0.93	 (0.61, 1.43) 	 1.09	 (0.93, 1.27) 	 1.08	 (0.93, 1.27)

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 0.93	 (0.12, 7.40) 	 0.93	 (0.12, 7.09) 	 0.72	 (0.40, 1.31) 	 0.70	 (0.39, 1.28)

>+1 SD 	 1.78	(0.16, 19.00) 	 1.66	(0.15, 18.12) 	 1.26	 (0.60, 2.64) 	 1.27	 (0.60, 2.67)

20 weeks

GWG 	 1.02	 (0.76, 1.39) 	 1.01	 (0.75, 1.37) 	 1.06	 (0.97, 1.16) 	 1.06	 (0.96, 1.15)

Z score

Continuous 	 0.83	 (0.48, 1.44) 	 0.82	 (0.47, 1.44) 	 1.14	 (0.95, 1.37) 	 1.12	 (0.93, 1.34)

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 1.34	(0.17, 10.53) 	 1.39	(0.18, 10.61) 	 1.19	 (0.60, 2.34) 	 1.10	 (0.56, 2.18)

>+1 SD 	 1.94	(0.18, 20.79) 	 1.88	(0.18, 19.51) 	 2.17	 (1.00, 4.69)* 	 2.06	 (0.95, 4.47)

24 weeks

GWG 	 1.11	 (0.88, 1.39) 	 1.10	 (0.88, 1.37) 	 1.08	 (1.01, 1.16)* 	 1.07	 (0.99, 1.15)

Z score 

Continuous 	 1.15	 (0.60, 2.18) 	 1.12	 (0.60, 2.10) 	 1.22	 (1.00, 1.48)* 	 1.19	 (0.98, 1.44)

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 0.62	 (0.13, 2.90) 	 0.65	 (0.14, 3.00) 	 1.086	(0.61, 1.94) 	 1.03	 (0.58, 1.82

>+1 SD 	 1.15	 (0.20, 6.66) 	 1.16	 (0.19, 7.00) 	 1.76	 (0.91, 3.45) 	 1.62	 (0.83, 3.16)

28 weeks

GWG 	 1.23	 (1.02, 1.47)* 	 1.21	 (1.01, 1.45)* 	 1.09	 (1.02, 1.15)** 	 1.08	 (1.02, 1.15)**

Z score

Continuous 	 1.74	 (0.89, 3.38) 	 1.68	 (0.87, 3.25) 	 1.30	 (1.06, 1.60)* 	 1.29	 (1.05, 1.58)*

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 1.27	(0.16, 10.39) 	 1.27	(0.15, 10.20) 	 1.13	 (0.62, 2.06) 	 1.12	 (0.62, 2.04)

>+1 SD 	 4.45	(0.53, 37.22) 	 4.17	(0.46, 37.76) 	 2.08	 (1.06, 4.09)* 	 2.08	 (1.06, 4.08)*

Overweight Obesity

Crude RR (95% CI) Adjust RR (95% CI) Crude RR (95% CI) Adjust RR (95% CI)

16 weeks

GWG 	 1.12	 (1.01, 1.25)* 	 1.12	 (1.01, 1.25)* 	 0.90	 (0.79, 1.02) 	 0.89	 (0.78, 1.02)

Z-score

Continuous 	 1.31	 (1.10, 1.60)** 	 1.32	 (1.09, 1.57)** 	 0.90	 (0.82, 0.99)* 	 0.89	 (0.81, 0.98)*

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 2.34	 (0.87, 6.25) 	 2.23	 (0.81, 6.10) 	 0.42	 (0.24, 0.75)** 	 0.36	 (0.20, 0.65)**

>+1 SD 	 4.19	(1.37, 12.80)* 	 4.21	(1.36, 13.01)* 	 0.25	 (0.06, 1.03) 	 0.22	 (0.05, 0.90)*

20 weeks

GWG 	 1.00	 (0.92, 1.08) 	 1.00	 (0.92, 1.08) 	 0.94	 (0.85, 1.04) 	 0.94	 (0.85, 1.03)

Z score

Continuous 	 1.07	 (0.92, 1.25) 	 1.07	 (0.92, 1.25) 	 0.97	 (0.85, 1.10) 	 0.96	 (0.84, 1.09)

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 1.92	 (0.86, 4.29) 	 1.84	 (0.82, 4.13) 	 0.62	 (0.30, 1.29) 	 0.59	 (0.28, 1.22)

>+1 SD 	 1.04	 (0.33, 3.31) 	 1.08	 (0.33, 3.49) 	 0.65	 (0.19, 2.27) 	 0.63	 (0.17, 2.32)

Table 4. Relationship between weight gain, weight gain z-scores before the third trimester, and the risk of HDP.
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(weight gain RR: 1.08, 95% CI: 1.02–1.15; weight gain z-score 
RR: 1.29, 95% CI: 1.05–1.58). Compared to the reference of 
low weight gain (<–1 SD), weight gain >+1 SD was associat-
ed with an approximately 2.0 times greater likelihood of HDP 
(RR: 2.08, 95% CI: 1.06–4.08). Weight gain and weight gain z-
scores at the remaining time points were not related to the risk 
of HDP, and the relationships among the other periods were 
not significant. Among the overweight women, weight gain 
and weight gain z-scores at approximately 16 weeks were as-
sociated with an increased risk of HDP (weight gain RR: 1.12, 
95% CI: 1.01–1.25; weight gain z-score RR: 1.32, 95% CI: 1.09–
1.57). Compared to the reference of low weight gain (<–1 SD), 
weight gain >+1 SD at approximately 16 weeks significantly 
increased the risk of developing HDP (RR: 4.21, 95% CI: 1.36–
13.01), while in obese women, there was a negative relation-
ship between weight gain at approximately 16 weeks and 
the risk of HDP. Associations were null for the other periods.

Discussion

This study supports that an increase in early-pregnancy BMI 
increases the risk of HDP and that primiparous women and 
pregnant women with a family history of hypertension have 
higher risks of HDP [16–18]. There was a positive relationship 
between weight gain at approximately 28 weeks and the risk 
of HDP among women with early-pregnancy underweight and 
normal weight. Even adjusted for recognized high-risk factors 
of HDP, such as age, early pregnancy BMI, primipara, and fam-
ily history of hypertension, the relationship remained in the 
normal-weight group. There was no significant difference in 

weight gain at 20-24 weeks in each group and 20-28 weeks 
in the overweight and obese group.

Due to methodological problems associated with the use of to-
tal GWG as the exposure as opposed to a weight gain before 
the diagnosis of HDP, the results of published studies on the 
association between GWG and HDP remains inconsistent and 
inconclusive [9]. The present study is one of the few studies 
investigating the effect of GWG before the third trimester on 
hypertension disorders. A smaller-cohort study (n=1441) from 
the United States found that women with weight gain in the 
first 28 weeks above the Institute of Medicine (IOM) recom-
mendation were more likely to develop HDP [19]. Our results 
were also consistent with those of a recently published popula-
tion-based cohort study in Sweden (n=62 705), which showed 
that weight gain between women with and without preeclamp-
sia did not differ until week 25 in normal-weight women and 
week 30 in obese women, and the higher the early pregnan-
cy BMI, the higher the gestational age when weight gain tra-
jectories of women with and without preeclampsia diverged 
[10]. The mechanisms underlying the association between 
pregnancy weight and HDP have not been fully explained, but 
may involve insulin resistance, inflammation, oxidative stress, 
and dyslipidemia. Obesity and excessive weight gain during 
pregnancy can promote endothelial and vascular dysfunction, 
which can predispose women to HDP [20].

Our study was observational and thus could not demonstrate 
whether weight gain was the cause of HDP or the accompa-
nying symptoms of the disease. Therefore, whether an inter-
vention in weight change during pregnancy could reduce the 

Table 4 continued. Relationship between weight gain, weight gain z-scores before the third trimester, and the risk of HDP.

RR – relative risk; GWG – gestational weight gain; SD – standard deviation. * P<0.05; ** P<0.01.

Overweight Obesity

Crude RR (95% CI) Adjust RR (95% CI) Crude RR (95% CI) Adjust RR (95% CI)

24 weeks

GWG 	 0.99	 (0.93, 1.05) 	 0.99	 (0.93, 1.06) 	 0.97	 (0.90, 1.06) 	 0.98	 (0.90, 1.07)

Z score 

Continuous 	 0.97	 (0.86, 1.09) 	 0.97	 (0.86, 1.10) 	 0.97	 (0.86, 1.10) 	 0.98	 (0.86, 1.11)

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 1.46	 (0.73, 2.93) 	 1.31	 (0.65, 2.62) 	 1.34	 (0.45, 4.05) 	 1.38	 (0.47, 4.11)

>+1 SD 	 0.50	 (0.14, 1.84) 	 0.49	 (0.14, 1.76) 	 0.88	 (0.16, 4.82) 	 0.93	 (0.17, 5.23)

28 weeks

GWG 	 0.98	 (0.93, 1.04) 	 0.99	 (0.93, 1.05) 	 1.00	 (0.93, 1.07) 	 1.01	 (0.93, 1.08)

Z score

Continuous 	 0.97	 (0.82, 1.14) 	 0.97	 (0.81, 1.15) 	 1.06	 (0.85, 1.31) 	 1.07	 (0.85, 1.34)

<–1 SD Referent Referent Referent Referent

–1 to +1 SD 	 1.03	 (0.59, 179) 	 1.02	 (0.58, 1.81) 	 1.13	 (0.47, 2.70) 	 1.19	 (0.49, 2.90)

>+1 SD 	 0.77	 (0.36, 1.66) 	 0.80	 (0.37, 1.72) 	 1.08	 (0.34, 3.44) 	 1.19	 (0.36, 3.93)

e927409-9
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zou X. et al.: 
Weight gain before the third trimester…
© Med Sci Monit, 2020; 26: e927409

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



incidence of HDP remains undetermined, but considering that 
the mean gestational age at which blood pressure began to in-
crease in women with HDP was approximately 34 weeks in the 
study, we suggest that pregnant women with an early preg-
nancy BMI <24 kg/m2, especially a BMI of 18.5–23.9 kg/m2 but 
excessive weight gain at approximately 28 gestational weeks, 
should be closely monitored to reduce complications in the 
mother and infant.

The difference in weight gain at approximately 16 weeks be-
tween women with and without HDP was not obvious in the 
underweight and normal-weight groups in this Chinese cohort 
study. Among the overweight women, weight gain at 16 weeks 
in women with HDP was higher than that of women without 
HDP. Unexpectedly, the result was reversed in the obese group.

The results of studies on weight gain in early pregnancy and 
the risk of HDP are inconsistent. One cohort study from China 
(n=84 656) showed that compared to weight gain of <200 g/
week up to 18 weeks gestation, the highest level of weight 
gain (³600 g/week) significantly increased the risk of develop-
ing HDP among pre-pregnancy normal-weight and overweight/
obese women [21]. Another cohort study (n=80 812) showed 
that, compared with a weight gain of 1.2 kg, a weight gain 
of 7.2 kg at 16–19 weeks steadily increased the risk of pre-
eclampsia in pre-pregnancy women with normal weight and 
grade 2 or 3 obesity, and associations were null in overweight 
women and women with grade 1 obesity [11]. A cohort study 
in Sweden suggested that early-pregnancy weight gain in var-
ious BMI groups was not associated with the risk of HDP [10]. 
Our study showed a positive correlation between weight gain 
in early pregnancy and the risk of HDP in overweight women 
in early pregnancy but not in normal-weight or underweight 
women. The inconsistency of these research results may have 
been related to the different starting points of these studies. 
The first 2 studies used pre-pregnancy weight as the starting 
point, while the latter 2 studies used the weight at less than 
14 weeks of gestation (the average gestational age was ap-
proximately 9–11 weeks). Insufficient time intervals may lead 
to insignificant weight differences. However, weight gain in 
such a short period in overweight women in our study was 
related to an increased risk of HDP, which still justifies our at-
tention to weight gain in early pregnancy. The contradictory 
performance in early pregnancy in obese women may be re-
lated to the small sample size of obese women in our study 
(n=396), individual differences (such as weight fluctuations 
due to vomiting during early pregnancy), focused education 
for obese pregnant women by medical staff [22], and the com-
plex pathophysiological mechanism of preeclampsia (such as 
placental dysfunction in early gestation and a decrease in the 
normal expansion in maternal intravascular volume, which 
can affect the weight gain of women in early gestation) [9].

In summary, the association between increased GWG in early 
pregnancy and HDP was less clear, and it was still necessary to 
pay attention to the effects of early-pregnancy weight gain on 
HDP, using pre-pregnancy weight for assessment, if possible.

The present study showed that with the increase in early-preg-
nancy BMI, the mean weight gain during each gestational peri-
od gradually decreased, but there was no difference in weight 
gain z-score between the 4 BMI groups, as the z-score was 
calculated according to the mean and standard deviation of 
the weight gain per gestational week of healthy women with 
full-term pregnancies in each BMI group, which demonstrat-
ed the Z-score was BMI-specific. In each BMI group there was 
a consistent tendency for weight gain and weight gain z-score 
in evaluating weight gain and HDP risk, except for a slight dif-
ference in the statistical conclusion, such as weight gain at ap-
proximately 16 weeks in the obese group.

To date, few studies have investigated the relationship be-
tween weight gain and the risk of HDP using z-scores [10,11]. 
A case-control study showed that early-pregnancy weight 
gain z-score was associated with preeclampsia risk in some 
subgroups and did not assess the consistency of weight gain 
and the weight gain z-score [11]. Another study, performed in 
Stockholm-Gotland, showed that for every 1 z-score increase 
in weight gain before diagnosis, the risk of preeclampsia in-
creased by nearly 60% in normal-weight and overweight wom-
en and by 20% in obese women. The study estimated weight 
gain (kg) trajectories of women with and without preeclamp-
sia, confirming that the weight gain z-score before diagnosis 
was consistent with the weight gain trajectory [10]. Our re-
search showed that weight gain z-score was not more sensi-
tive than weight gain value in analyzing the relationship be-
tween weight gain before the third trimester and HDP risk. 
Considering that z-scores can theoretically eliminate the con-
founding bias of gestational duration on GWG, the result may 
be related to the pregnancy periods observed in our research 
rather than a methodological issue. Z-score may be more ad-
vantageous in analyzing the relationship between GWG before 
disease diagnosis or delivery (mostly after the third trimester), 
which is related to the duration of pregnancy, and HDP risk.

Research limitations

First, our study population was located in 19 communities in 
Tianjin, and the resident population is mostly of Han ethnic-
ity. Therefore, this study can only represent the characteris-
tics of the Han population in northern China. Second, consid-
ering the low incidence of HDP, the overall population of the 
study was not large, especially for the underweight and obese 
women, so the research data in these 2 groups were not suffi-
ciently accurate. Third, some studies have shown that the re-
lationship between weight gain and the risk of HDP subtypes 
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was not the same. The present study did not analyze this re-
lationship because of the number of people enrolled. Results 
are still being collated, and future large-sample cohort studies 
may provide a sufficient number of cases for analysis. Finally, 
using early-pregnancy BMI as the basis for grouping may have 
caused bias in enrolment. However, the pre-pregnancy weight 
mainly depended on the memory of the pregnant woman, and 
there may be recall errors. The grouping basis of the z-score 
chart in the Chinese population that our study represented is 
the early-pregnancy BMI, and the sensitivity analyses in the 
study indicated that the possibility of misclassification was 
small and acceptable [14].

Conclusions

Excessive weight gain before the third trimester, independent 
of age, early pregnancy BMI, primipara, and family history of 
hypertension, was associated with a greater risk of develop-
ing HDP among women with early-pregnancy normal weight, 
which may provide a chance to identify subsequent hyperten-
sive disorders. The relationship between weight gain in ear-
ly pregnancy and the risk of HDP remains unclear. Additional 
large-sample research with serial antenatal weight measure 
(including pre-pregnancy weight) are need to determine wheth-
er early-pregnancy weight gain is associated with HDP risk.
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