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ABSTRACT
Objectives: To evaluate if pre-pregnancy body mass
index (BMI) determines blood pressure throughout
pregnancy and to explore the role of gestational weight
gain in this association. In addition, the effects of prepregnancy BMI and gestational weight gain on the
occurrence of gestational hypertension and preeclampsia were investigated.
Design: Prospective cohort study.
Setting: Maternal and child health primary care
referral centre, Jakarta, Indonesia.
Population and measurements: 2252 pregnant
women visiting Budi Kemuliaan Hospital and its branch
for regular antenatal care visits from July 2012 to April
2015. Pre-pregnancy BMI (kg/m2) was based on selfreported pre-pregnancy weight and measured height at
first visit. Gestational weight gain was calculated as
weight at the day of delivery minus the pre-pregnancy
weight. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured during
pregnancy at every visit. Linear mixed models were
used to analyse this relation with repeated blood
pressure measures as the outcome and pre-pregnancy
BMI as the predictor. When looking at gestational
hypertension and pre-eclampsia as outcomes,
(multiple) logistic regression was used in the analysis.
Results: Independent of pre-pregnancy BMI, SBP and
DBP increased by 0.99 mm Hg/month and
0.46 mm Hg/month, respectively. Higher pre-pregnancy
BMI was associated with higher pregnancy SBP
(0.25 mm Hg/kg/m2; 95% CI 0.17 to 0.34; p<0.01) and
DBP (0.18 mm Hg/kg/m2; 0.13 to 0.24; p<0.01) in
adjusted analysis. Every 1 kg/m2 higher pre-pregnancy
BMI was associated with 6% and 9% higher odds for
gestational hypertension (adjusted OR (aOR) 1.06;
95% CI 1.03 to 1.09; p<0.01) and pre-eclampsia (aOR
1.09; 1.04 to 1.14; p<0.01). Accounting for gestational
weight gain did not attenuate these associations.
Conclusions: Pre-pregnancy BMI determines the
level, but not the change, of blood pressure in
pregnancy and is linked to higher odds for gestational
hypertension and pre-eclampsia, independent of
gestational weight gain.

INTRODUCTION
Over the past decades, the prevalence of
overweight and obesity among women of
reproductive age has increased tremendously

Strengths and limitations of this study
▪ This study was conducted in the population with
a low prevalence of maternal smoking and
alcohol/drug abuse; therefore, the effect of prepregnancy body mass index on blood pressures
could be analysed in isolation from such factors.
▪ Analysis was based on the assumption of linearity between blood pressures increase in pregnancy and gestational age at measurement; thus,
it may not reflect actual blood pressure trajectory
in pregnancy.
▪ Pre-pregnancy weight was retrospectively asked
during interview at the first antenatal care visit;
therefore, some inaccuracies may exist.

in developed and developing countries.1
High body mass index (BMI), together with
high systolic blood pressure (SBP), are
known as the leading risk factors for mortality and disability-adjusted life-years in women
worldwide,2 mainly through manifestation of
cardiovascular diseases and metabolic
disorders.3
Being overweight or obese also puts
women at risk for developing various pregnancy complications, including gestational
hypertension and pre-eclampsia,4–10 and
higher risk for cardiovascular events later in
life.11 As compared with normal weight
women, overweight and obese women have
3–5 times increased risk for pre-eclampsia.3
Higher baseline BMI recorded at the ﬁrst
antenatal visit has also consistently been
linked to higher risk of hypertensive disorders of pregnancy (HDP).12 13 Several
studies reported that pre-pregnancy BMI
inﬂuences SBP and diastolic blood pressure
(DBP) levels during pregnancy.5 14–16
However, studies that reported the effect of
pre-pregnancy BMI on the rate of change in
SBP and DBP are limited. Furthermore, the
role of weight gain on the relation between
pre-pregnancy BMI and blood pressure
during pregnancy is also less consistent.
Several studies reported that excessive
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METHODS
Study population
This study was based on a prospective cohort of 2252
pregnant women in the private mother–child health
Budi Kemuliaan Hospital and its branch (Budi
Kemuliaan Petojo) in Jakarta, Indonesia. Women were
recruited at ﬁrst visits for antenatal care (ANC) between
July 2012 and October 2014 and followed up until delivery, the last in April 2015. All women who attended ANC
visits were invited and asked to sign written informed
consent.
Midwives obtained interview information regarding
women’s demography including age and socioeconomic
background (monthly family income, education,
employment status). Women’s education was categorised
as low if the women had ﬁnished elementary or junior
high school, medium if they ﬁnished senior high school
or high if they attained education from university.
Women’s employment status was classiﬁed as not
working, working in a formal job, or working in a nonformal job (trader, nanny, cleaning service, etc).
Women’s clinical data included medical history, information on current pregnancy (last menstrual period
(LMP), pre-pregnancy weight and weight at every ANC
visit), women’s obstetrical history ( parity, previous pregnancy complications, previous mode(s) of delivery) and
family history of diseases (including family history of
hypertension and diabetes mellitus type 2).
Anthropometric measures
Pre-pregnancy weight was self-reported at the ﬁrst ANC
and height was measured using standardised statometers. Pre-pregnancy BMI was then calculated as prepregnancy weight in kilograms divided by the square of
height in metres. Women’s weight was measured at each
ANC visit using standard scales.
Outcome measurements
Women’s SBP and DBP were routinely measured by midwives at every ANC visit. SBP and DBP were measured
once per visit in seated position, after a minimum
30 min rest, using a mercury sphygmomanometer.
2

Gestational hypertension and pre-eclampsia were classiﬁed according to the deﬁnitions from the International
Society for the study of Hypertension in Pregnancy
(ISSHP).21 Gestational hypertension was deﬁned as SBP
of 140 mm Hg or more and/or DBP of 90 mm Hg or
more on two occasions in a woman with no hypertension prior to 20 weeks of gestation. Pre-eclampsia was
deﬁned as gestational hypertension with proteinuria.
Confounding variables and intermediate variables
Women’s age, parity, secondhand smoking exposure and
monthly family income ( proxy for socioeconomic
status) were a priori considered as possible confounders.
Age was calculated as the difference between the dates
of birth and of women’s ﬁrst ANC visit. Parity was classiﬁed as nulliparous or multiparous. Data on secondhand
smoking exposure were used instead of active smoking
because few (<1%) of these pregnant women smoke.
Monthly family income was asked to the women as an
estimate range. Gestational age at delivery was derived
from the date of LMP and the date of delivery.
As a possible intermediate factor, gestational weight
gain was calculated as weight on the day of delivery
minus pre-pregnancy weight in kilograms.
Data analysis
Baseline characteristics were described by pre-pregnancy
BMI tertiles and group differences were tested using χ2,
one-way analysis of variance or Kruskal-Wallis tests where
appropriate. Skewed data were reported as median and
IQR. Associations between pre-pregnancy BMI and
blood pressures were analysed using (un)adjusted linear
mixed models for repeated measures, with corresponding 95% CI and p values. Furthermore, to investigate
whether gestational weight gain acted as an intermediate
factor in this association, we developed an explanatory
model which included variables on gestational weight
gain. Analyses about the effects of pre-pregnancy BMI
on women’s risk of developing gestational hypertension
and pre-eclampsia were performed using (multiple)
logistic regression.
The pattern of blood pressure changes during pregnancy was plotted for each pre-pregnancy BMI tertile by
ﬁtting (adjusted) linear mixed models separately with
SBP and DBP as the outcomes. The estimated marginal
means of SBP and DBP at 13, 16, 19, 22, 25, 28, 31, 34,
37 and 39 weeks of gestation were used to describe the
blood pressure trajectory during pregnancy. The baseline gestational age was set at 13 weeks because this was
the median gestational age of the ﬁrst measurement at
the ANC visit. Thirty-nine weeks was set as the last BP
measurement since this was the median gestational age
at delivery. The relation between blood pressure and gestational age (time) was assumed to be linear over the
course of pregnancy, as our main goal in this analysis
was the mutual ranking of women’s blood pressure. In
addition, the pattern of weight increase during pregnancy was also presented separately for women in each
Savitri AI, et al. BMJ Open 2016;6:e011626. doi:10.1136/bmjopen-2016-011626
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gestational weight gain was associated with higher risk of
gestational hypertension and pre-eclampsia,5 16 17 but
some other studies did not ﬁnd such associations.18 19 It
is also unclear whether the relation between obesity and
HDP was mediated by excessive weight gain, as overweight or obese women were shown to be more likely to
experience excessive weight gain as compared with
women with normal BMI.20
In the present study, we investigated the effect of prepregnancy BMI, as a proxy for maternal adiposity, on
several blood pressure measures throughout pregnancy
and on the occurrence of gestational hypertension and
pre-eclampsia. Furthermore, we explored the inﬂuence
of gestational weight gain in these associations.

Open Access

RESULTS
Figure 1 provides the study ﬂow chart. Owing to missing
data on pre-pregnancy BMI, the analysis concerned
2031 women. Baseline characteristics of women according to tertiles of pre-pregnancy BMI are presented in
table 1. As compared with the highest BMI tertile,
women in the ﬁrst and second tertiles were younger,
more likely nulliparous and had higher total gestational
weight gain. Fewer women in the lowest tertile had
attained high education. More women in the highest
tertile did not work or worked in a non-formal sector.
Monthly family income slightly differed with prepregnancy BMI. No difference was found with respect to
women’s smoking status, secondhand smoking exposure
and gestational age at the ﬁrst visit and at delivery.
Table 2 shows that higher pre-pregnancy BMI was associated with a signiﬁcantly higher SBP and DBP, both
crude and confounding adjusted. The explanatory
model shows that further accounting for total gestational
weight gain did not attenuate the associations.
Adjustments for other measures of weight gain were also
performed, by adding a variable of weight gain measured at each ANC visit or a variable of weight gain for

Figure 1 Flow chart of study participants. BMI, body mass
index.
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gestational age and women’s pre-pregnancy weight into
the adjusted model. However, the use of these measures
did not change the ﬁndings compared with the presented measurement for gestational weight gain (data
not shown).
In online supplementary material 1, we present the
effect estimates if twin pregnancies were excluded from
the analysis (n=26). There were no signiﬁcant differences found as compared with the analysis with twin
pregnancies included.
There were 264 women (13.0%) in our study who
were diagnosed with gestational hypertension and 81
women (4.0%) with pre-eclampsia. In table 3, the associations between pre-pregnancy BMI and occurrence of
gestational hypertension and pre-eclampsia were presented. Higher pre-pregnancy BMI was associated with
higher odds for gestational hypertension and preeclampsia, in the crude and adjusted models.
Adjustment for total gestational weight gain in the
explanatory model did not attenuate the associations.
Throughout pregnancy, SBP was estimated to increase
by 0.99 mm Hg/month while DBP increased by
0.46 mm Hg/month in all women, independent of their
pre-pregnancy BMI tertiles and other possible confounders. Figure 2 shows that mean blood pressures were
consistently higher with higher pre-pregnancy BMI,
although the pace of increase did not seem to be
affected. The lines that depict the pattern of change in
SBP and DBP during pregnancy appeared to be parallel
in women from different pre-pregnancy BMI tertiles. In
addition, no interaction was found between prepregnancy BMI and gestational age ( p=0.91 in the
confounder-adjusted model).
Figure 3 shows the pattern of weight gain in pregnancy by pre-pregnancy BMI tertile. The level of gestational weight gain differed according to women’s
pre-pregnancy BMI tertiles. The mean gestational weight
gain of women in the ﬁrst, second and third tertile prepregnancy BMI was 14.3, 12.8 and 10.2 kg consecutively.

DISCUSSION
This study shows that pre-pregnancy BMI determines the
level of SBP and DBP in pregnancy, but not the pace of
blood pressure increase. Pre-pregnancy BMI was also
positively associated with the risk of gestational hypertension and pre-eclampsia. The effect was independent of
gestational weight gain.
The strength of this study is its prospective design.
Furthermore, our study differed from other studies
largely conducted in the Western countries where poor
health behaviours, such as smoking, alcohol consumption and drug abuse, were more common among obese/
overweight women.22 23 The proportion of women who
have these habits is very low in Indonesia,24 25 as shown
by the data from the women involved in this study. This
enabled us to evaluate the effect of pre-pregnancy BMI,
as a measure of adiposity, in isolation from such factors.
3
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Analyses were performed based on non-missing data. All
statistical analyses were performed using IBM SPSS (V.21
for Windows).
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Characteristics
Number (%)
BMI (kg/m2), median (minimum, maximum)
Age (years), mean (SD)
Women’s education
Low education (%)
Middle education (%)
High education (%)
Women’s employment status
Not working (%)
Non-formal job (%)
Formal job (%)
Monthly family income
<IDR1 million (%)
IDR1–2.5 million (%)
IDR2.5–5 million (%)
More than IDR5 million (%)
Refused to answer (%)
Nulliparity (%)
Women’s smoking status
Yes, sometimes (%)
Yes, everyday (%)
Partner’s smoking status
Yes, sometimes (%)
Yes, everyday (%)
Total gestational weight gain (kg), mean (SD)
Gestational age at first visit (weeks), median (IQR)
Gestational age at delivery (weeks), median (IQR)
Preterm birth (<37 weeks gestation) (%)
Post-term birth (>42 weeks gestation) (%)

Tertiles of pre-pregnancy BMI
Low
Middle

High

675 (33.2)
18.6 (12.5, 20.3)
26.6 (5.6)

684 (33.7)
22.1 (20.3, 23.9)
28.6 (5.6)

672 (33.1)
26.7 (23.9, 47.3)
30.5 (5.7)

170 (25.2)
413 (61.3)
91 (13.5)

144 (21.1)
415 (60.8)
124 (18.2)

132 (19.7)
415 (61.9)
123 (18.4)

385 (57.2)
44 (6.5)
244 (36.3)

398 (58.6)
52 (7.7)
229 (33.7)

428 (63.9)
57 (8.5)
185 (27.6)

68 (10.1)
320 (47.4)
204 (30.2)
29 (4.3)
54 (8.0)
251 (55.8)

63 (9.2)
308 (45.0)
216 (31.6)
59 (8.6)
38 (5.6)
182 (36.6)

68 (10.1)
291 (43.3)
203 (30.2)
45 (6.7)
65 (9.7)
132 (25.7)

3 (1.1)
4 (1.5)

2 (0.7)
1 (0.3)

3 (1.0)
1 (0.3)

p Value
<0.01*
<0.01†
0.03‡

0.01‡

0.01‡

<0.01‡
0.46‡

0.62‡
42 (15.3)
125 (45.6)
14.3 (7.0)
13.7 (17.0)
39.1 (2.3)
50 (7.4)
23 (3.4)

40 (14.0)
136 (47.7)
12.8 (6.5)
12.1 (17.3)
39.3 (2.1)
39 (5.7)
30 (4.4)

35 (11.8)
153 (51.5)
10.2 (7.1)
12.7 (16.8)
39.3 (2.3)
34 (5.1)
32 (4.8)

<0.01†
0.27*
0.10*
0.18‡
0.44‡

*Kruskal-Wallis test.
†ANOVA.
‡χ2 test.
ANOVA, analysis of variance; BMI, body mass index.

Pre-pregnancy BMI was calculated from the prepregnancy weight that was based on interview. We are
aware that it could have limited accuracy. The main analysis was based on the assumption of linearity of the association between increase in blood pressures during
pregnancy with gestational age. Therefore, although the
graph could accurately describe the relative effect and
the rankings of pre-pregnancy BMI tertiles on SBP and
DBP, it may not fully reﬂect the actual absolute trajectory
of blood pressure changes during pregnancy. Previous
studies reported that blood pressure decreases from early
pregnancy to mid-pregnancy and then increases until late
pregnancy.14 19 26 However, our BP measurement began
at around 13 weeks of gestation, when SBP and DBP are
about to approach their lowest level. Owing to missing
data, analyses were limited to women with complete data
on the determinant, pre-pregnancy BMI, and outcomes,
SBP and DBP, but both were fairly complete. About 20%
of the women in this study had only one BP measurement. Half of these women were referred to our hospital
at a later stage of pregnancy and therefore assessments
from the referring healthcare facilities were taken into
4

account in diagnosing gestational hypertension and preeclampsia. The other women only came once to our hospital for consultation and continued their ANC visits at
other healthcare facilities; consequently, gestational
hypertension and pre-eclampsia could not be ruled out.
This may, to some extent, have led to the underestimated
prevalence of both gestational hypertension and preeclampsia reported in this study. Sensitivity analyses, by
including women with at least two, three and four BP
measurements, have been done (shown in online
supplementary materials 2–7) and gave results that are
comparable to the overall analyses (tables 2 and 3). The
same results also appeared when we restricted the analysis
to women with two or more BP measurements who were
not diagnosed with gestational hypertension or preeclampsia (see online supplementary material 8). This
suggests that the effect estimates presented in this study
are relatively unbiased. Finally, owing to very few women
who had ﬁrst trimester ultrasound crown-rump length
measurement, gestational age was based on the LMP.
Classiﬁcation of pre-pregnancy BMI was based on the
tertile, rather than using the WHO cut-off criteria.
Savitri AI, et al. BMJ Open 2016;6:e011626. doi:10.1136/bmjopen-2016-011626
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Coefficient 95% CI
Systolic blood pressure
Crude model
0.32
Adjusted model*
0.25
Explanatory
0.41
model†
Diastolic blood pressure
Crude model
0.22
Adjusted model*
0.18
Explanatory
0.27
model†

p Value

0.24 to 0.40
0.17 to 0.34
0.15 to 0.66

<0.01
<0.01
<0.01

0.16 to 0.27
0.13 to 0.24
0.08 to 0.45

<0.01
<0.01
<0.01

Results are expressed as mixed model coefficients of systolic and
diastolic blood pressure in mm Hg for every 1 kg/m2 increase in
pre-pregnancy BMI.
*Adjusted for maternal age, parity, second-hand smoking
exposure and socioeconomic status (monthly family income).
†As * and for total gestational weight gain (difference between
maternal weight measured at the day of delivery from the
pre-pregnancy weight).
BMI, body mass index.

Using this data-driven approach, a relatively comparable
number of women were classiﬁed in each group, ensuring sufﬁcient power for statistical testing. Furthermore,
there has been uncertainty about an appropriate BMI
cut-off for the Asian population. Several studies recommend a lower cut-off for overweight and obesity in the
Asian population, but some others do not.27
Our study showed that pre-pregnancy BMI inﬂuences
the level of SBP and DBP during pregnancy. This effect
was present consistently over the course of pregnancy. It
was in accordance with the reports from previous
studies.5 14 15 28 Almost similar to our ﬁndings, a study
which explored the relation between blood pressure
during pregnancy with gestational age and prepregnancy BMI as continuous scale measurements also

Figure 2 Effect of pre-pregnancy BMI tertiles on systolic and
diastolic blood pressure during pregnancy. BMI, body mass
index.

found that SBP and DBP levels generally increased with
higher pre-pregnancy BMI at any gestational age.16
In this study, SBP and DBP were increased by 0.25 and
0.18 mm Hg per BMI unit, respectively. These ﬁndings
were similar to those in a previous study28 which
reported an increased mean arterial pressure (MAP) of
0.21 mm Hg per BMI unit, but were smaller compared
with another study5 which reported the mean differences of blood pressure in the ﬁrst, second and third trimesters of 1.03, 0.98 and 0.89 mm Hg for SBP per BMI
unit and 0.83, 0.81 and 0.74 mm Hg for DBP per BMI

Table 3 Effect of pre-pregnancy BMI on the risk for
developing gestational hypertension and pre-eclampsia
OR
Gestational hypertension
Crude model
1.07
Adjusted model*
1.06
Explanatory model†
1.10
Pre-eclampsia
Crude model
1.09
Adjusted model*
1.09
Explanatory model†
1.19

95% CI

p Value

1.04 to 1.10
1.03 to 1.09
1.05 to 1.14

<0.01
<0.01
<0.01

1.05 to 1.14
1.04 to 1.14
1.11 to 1.27

<0.01
<0.01
<0.01

Results are expressed as OR (95% CI) for every 1 kg/m2 increase
in pre-pregnancy BMI from (multiple) logistic regression.
*Adjusted for maternal age, parity, secondhand smoking exposure
and socioeconomic status (monthly family income).
†As * and for total gestational weight gain (difference between
maternal weight measured at the day of delivery from the
pre-pregnancy weight).
BMI, body mass index.

Savitri AI, et al. BMJ Open 2016;6:e011626. doi:10.1136/bmjopen-2016-011626

Figure 3 Increase in maternal weight during pregnancy
according to pre-pregnancy BMI tertiles. BMI, body mass
index.
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while in our study gestational weight gain was evaluated
as an explanatory variable in a continuous scale
measurement.
The pathophysiological mechanism to explain the association between pre-pregnancy BMI and blood pressure
levels during pregnancy remains unclear. It has been
speculated that adiposity causes a state of increased
inﬂammation, hyperleptinaemia, hyperinsulinaemia and
insulin resistance which further leads to disturbances in
autonomic function such as sympathetic nervous activation. These mechanisms appeared to be similar in pregnancy and outside of pregnancy, as has been extensively
studied among pre-eclamptic pregnant women44–46 as
well as in obese and hypertensive women.16 47–49 Obesity
may also contribute to the dysregulation of leptin function, which consequently causes hypertension, and alternatively hyperleptinaemia itself could have a direct effect
on the increased level of inﬂammation and raise in blood
pressure.45 In contrast, several studies in non-pregnant
populations suggested that the development of hypertension may precede the weight gain through pregnancy.50 51
Sympathetic hyperactivity in patients with hypertension
might downregulate β-adrenergic receptors, which
caused a decrease in thermogenic response and therefore increased their propensity to gain weight.
Notably, an adaptive mechanism, which involves maternal systemic inﬂammatory response through insulin
resistance, occurs in all pregnancies, with pre-eclamptic
pregnancies being in the extreme end of the continuum.52 This is supported by a study which showed
that women’s pre-pregnancy BMI strongly inﬂuenced
women’s MAP throughout pregnancy in normotensive
and chronic hypertensive women alike.28
A history of hypertensive pregnancy is known to be
associated with higher incidence of high blood pressure,
ischaemic heart disease and stroke later in life and
occurrence at a younger age.10 53–55 It was argued that
the positive association between gestational hypertension
and cardiovascular diseases in later life was caused by
their common pathology.56 Obesity and chronic medical
conditions such as diabetes or hypertension, which are
among the most recognised risk factors of preeclampsia,9 also predispose women to later cardiovascular diseases. This could imply that the associations are
due largely to pre-pregnancy risk factors, rather than to
factors that operate exclusively in pregnancy.57
Pregnancy could be seen as a metabolic and vascular
‘stress test’ that could unmask women’s pre-existing subclinical risks, which may manifest in later life as the
effects of ageing and long-term exposure to other classical risk factors emerge.53 56 In addition, excessive gestational weight gain is also associated with long-term
maternal abdominal adiposity, which in turn may
increase women’s risks of cardiovascular and metabolic
disease in later life.58
Our study showed that women’s SBP and DBP increased
with higher pre-pregnancy BMI, suggesting a stable linear
relation of adiposity and blood pressures during
Savitri AI, et al. BMJ Open 2016;6:e011626. doi:10.1136/bmjopen-2016-011626
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unit. These discrepancies could be attributed to differences in variables included in the adjustment model,
where in the latter study gestational weight gain was
taken into account in the adjusted model but not in our
analysis. Furthermore, women’s BMI in that study may
be higher since there were more overweight and obese
women (27.6%) than in our study (24.8%). Finally, differences in women’s ethnicity could also contribute to
these differences. To the best of our knowledge, we are
among the ﬁrst to study this in Asian women.
HDP are a spectrum of diseases that encompass
chronic hypertension, gestational hypertension, (superimposed) pre-eclampsia and HELLP (haemolysis, elevated liver enzymes and low platelets) syndrome.21 29 Our
ﬁndings were also in accordance with several studies
which demonstrated the relation between higher prepregnancy BMI and increased risk of gestational hypertension and pre-eclampsia.10 17 30–34 These were also in
line with studies that took obesity or BMI recorded at the
ﬁrst ANC as the determinant.3 4 6 8 12 13 35–42
In this study, we found that pre-pregnancy BMI did
not materially affect the pace of increase in blood pressure during pregnancy. An interaction term between
BMI tertiles and gestational age that was introduced into
the model showed non-signiﬁcant p values, suggesting
that the relation between BMI and blood pressures did
not depend on gestational age. The increases in SBP
and DBP were running in parallel independent of
women’s pre-pregnancy BMI. A previous study15 also
supports our ﬁnding as it showed relatively unchanged
mean differences of SBP and DBP between various prepregnancy BMI groups in all trimesters. In contrast,
another study showed that the pace of increase in BP
did vary across BMI group and gestational age, with a
ceiling effect which attenuated the increase in BP in
higher BMI groups, particularly in later stages of
pregnancy.16
As compared with women with normal range prepregnancy BMI, women who were overweight or obese
before pregnancy had higher risk for excessive weight
gain during pregnancy.20 Further, this excessive weight
gain could synergistically amplify the risk of preeclampsia in obese women.32 Our ﬁnding in unselected
pregnant women shows that gestational weight gain did
not mediate the effect of pre-pregnancy BMI on blood
pressure level during pregnancy, as shown by the unattenuated effect estimates. Our overall ﬁnding is in accordance with a study in Sweden showing correlation
between DBP during pregnancy with women’s baseline
BMI, but not with their gestational weight gain.19
Another study also showed that excessive weight gain did
not increase the risk of pre-eclampsia,18 although it
raised the risk of transient hypertension. Many other
studies, however, reported a positive relation between
excessive weight gain and higher risk of HDP that was
independent of pre-pregnancy BMI.5 17 30–34 43
Nevertheless, it is important to note that these studies
used excessive gestational weight gain as a determinant,
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