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Abstract
Objective—To examine whether blood pressure in early pregnancy and its rise in second half of
gestation are associated with spontaneous preterm birth in healthy, normotensive, nulliparous
women.

Methods—We included 5,167 women with singleton gestation who participated in the World
Health Organization Calcium Supplementation for the Prevention of Preeclampsia Trial. Systolic,
diastolic, mean arterial blood pressure and pulse pressure at baseline (12 – 19 weeks of gestation)
and mid 3rd trimester (30 – 34 weeks) were calculated. Rise in blood pressure was the difference
between the mid 3rd trimester and baseline. Preterm birth was defined as early preterm (< 34
completed weeks) and late preterm birth (34 – 36 weeks).

Results—Women experiencing early or late preterm birth had over 10 mmHg and 3 mmHg higher
rise, respectively, in systolic, diastolic and mean arterial blood pressure than women delivering at
term. A rise in systolic pressure over 30 mmHg or diastolic pressure over 15 mmHg was associated
with a statistically significant 2 – 3-fold increase in risk of spontaneous preterm birth.

Conclusion—An excessive rise in either systolic or diastolic blood pressures from early pregnancy
to mid 3rd trimester is associated with spontaneous preterm birth in a dose-response pattern.
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INTRODUCTION
Preterm birth remains a major contributor to adverse perinatal outcomes. Hypertension in
pregnancy, preeclampsia in particular, is one of the main causes of preterm birth, mostly due
to medically indicated deliveries, frequently associated with poor outcomes.1,2 Interestingly,
Ananth et al. reported an almost 2-fold increase in risk of spontaneous preterm labor in women
with preeclampsia, comparing to normotensive women.1 Overall, etiology of spontaneous
preterm birth is often unclear3 and the dynamics of blood pressure during pregnancy in relation
to spontaneous preterm birth has not been well studied. We examined whether blood pressure
level in early pregnancy and the magnitude of its rise between the 1st and 3rd trimesters are
associated with preterm birth in healthy, normotensive, nulliparous women.

MATERIALS AND METHODS
This is a secondary analysis using data from the World Health Organization Calcium
Supplementation for the Prevention of Preeclampsia Trial. The trial was approved by the
Institutional Review Boards of all participating institutions. Detailed description of the trial is
provided elsewhere.4 Briefly, a total of 8,325 normotensive nulliparous women were enrolled
before 20 weeks of gestation from clinics serving women with low dietary calcium intake (<600
mg/day) in 6 countries (Argentina, Egypt, India, Peru, South Africa and Vietnam) between
2001 and 2003. Women were randomized to receive either 1.5 g calcium/day supplement or
placebo tablets throughout pregnancy. Demographic and clinical information was recorded at
enrollment.

Blood pressure was measured at each antenatal care visit with a mercury sphygmomanometer
twice (the average was used) at 3-minute intervals, with the subject seated for at least 5 minutes
before measurement with the cuff positioned at the level of the heart on the right arm. Great
efforts were made on training, certification and retraining of clinic staff every 3 months to
obtain the blood pressure measures as accurate as possible.5

There was no difference between the treatment and the control groups at baseline on maternal
demographic and clinical characteristics, gestational age at enrollment, mean systolic and
diastolic blood pressure at randomization.4 The trial found that calcium supplementation did
not significantly reduce the risk of overall preeclampsia. The mean systolic and diastolic blood
pressure levels at 30 – 34 weeks were identical at 108 and 64 mmHg, respectively, for the
treatment and the control groups (Student t-tests on systolic and diastolic pressure, both p >
0.05). Thus, we assumed that calcium supplementation did not influence mean blood pressure
and combined the two groups for the current analysis. However, calcium supplementation was
found to mitigate the severity of the disease, including preterm delivery.4 Therefore, we
controlled for calcium supplementation in the multivariable analysis as a potential confounder.

Baseline blood pressure was designated as the average pressure recorded between 12 and 19
weeks of gestation and mid 3rd trimester blood pressure as the average of any measurement
between 30 and 34 weeks of gestation. Rise (or fall) in blood pressure was calculated as the
difference between the mid 3rd trimester and baseline pressures, and pulse pressure, difference
between systolic and diastolic measurements.
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Gestational age at entry was determined with the “best obstetric estimate”, which included the
last menstrual period, uterine size and ultrasound examination if required by the attending
physician.4 At each prenatal visit and admission to delivery, date and estimated gestational
age were recorded. To ensure accuracy of gestational age, we calculated a gestational age at
delivery as follows: Gestational age at enrollment + (delivery date – enrollment date)/7, then
took the integer and compared the calculated gestational age at delivery with the recorded
gestational age at delivery as completed weeks. Any discrepancy greater than one week resulted
in exclusion of the subject due to the possibility that the gestational age was incorrect. Type
of labor onset was categorized as spontaneous or medically indicated (induced or prelabor
cesarean section).

There were a total of 8,002 nulliparous women with a singleton pregnancy who were
normotensive at enrollment and had complete delivery information. 6,547 (82%) women had
an accurate gestational age. 9 had postterm deliveries (>42 weeks) and were excluded, as were
1,323 women with any of the following conditions: complaint of any health problems at the
first visit, stillbirth in present pregnancy, or delivered a newborn with any congenital
malformations. These exclusions left 5,167 subjects for analysis.

Because blood pressure measurements were all normally distributed, descriptive statistics were
expressed as mean and standard deviations. Analysis of variance and chi-square test were used
for continuous and categorical variables, respectively. We used multiple linear regression and
Cox proportional hazard model to control for potential confounders for continuous and time-
to-event outcomes, respectively. The potential confounders included maternal age, education,
maternal body mass index, gestational age at admission, smoking status, race, gravidity and
calcium treatment. Data analysis was done in SAS (Statistical Analysis System version 9.0.
Cary, NC).

RESULTS
The incidence of preterm birth was 7.6% in this cohort of healthy, normotensive, nulliparous
women with a singleton gestation. Table I presents the baseline characteristics of women
according to gestational age at delivery: term (≥ 37 weeks), late preterm (34 – 36 weeks) and
early preterm birth (< 34 weeks). The average gestational age at admission was 15 weeks. The
vast majority of women were primigravida and very few smoked. Women with preterm birth
were significantly younger as compared with women delivering at term. African and Middle
Eastern women tended to have a higher rate of preterm birth while South East Asian women
had a substantially lower rate. A higher percentage of preterm births were delivered by elective
cesarean section.

Table II presents mean blood pressure at baseline and rise from baseline to 30 – 34 weeks
according to preterm/term status. Although mean systolic and diastolic blood pressure and
mean arterial pressure were similar among these groups in early pregnancy, the baseline pulse
pressure was significantly higher among women destined to have an early preterm birth.
Furthermore, the rise in systolic, diastolic and mean arterial pressure between early gestation
and mid 3rd trimester values was significantly greater in early and late preterm births in a dose-
response pattern. These findings were confirmed in multiple linear regression analysis
adjusting for several maternal characteristics and calcium supplementation status (Table III).
Women who had early or late preterm birth had over 10 and 3 mmHg higher rise, respectively,
in systolic, diastolic and mean arterial blood pressure than women with term births.

Because preeclampsia or severe hypertension often leads to labor induction or elective cesarean
delivery, we restricted our analysis to women with spontaneous labor. Table IV shows that the
rise in systolic, diastolic and arterial pressure was still significantly greater among spontaneous
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early and late preterm births with a clear dose-response pattern, though the magnitude of rise
was somewhat mitigated. When we further restricted analysis to women manifesting neither
gestational hypertension nor preeclampsia, the pattern and statistical significance remained the
same but the magnitude was reduced modestly (results not shown).

Figure 1 depicts the relationship between rise in blood pressure and incidence of spontaneous
preterm birth (< 37 weeks). A greater rise in systolic and diastolic pressure was associated with
a statistically significant 2 – 3-fold increase in spontaneous preterm birth after having adjusted
for potential confounders and calcium supplementation.

COMMENT
Preeclampsia has been associated with preterm birth in recent epidemiologic studies6, mostly
because of early medical intervention for maternal and/or fetal indications. Our analysis of a
carefully conducted large prospective study4 shows that long before clinical manifestation of
hypertension, high pulse pressure in early pregnancy is already a risk factor for spontaneous
early preterm birth. Furthermore, a greater rise in blood pressure from early pregnancy to mid
3rd trimester is associated with spontaneous preterm birth in a dose-response pattern, even in
women who remain normotensive. These findings are consistent with finding from a previous
study, where preeclampsia was associated with an increased risk of moderately preterm births
due to spontaneous labor (RR = 1.9, 95% CI: 1.3 – 2.8).1

Our data do not permit conclusions on causality. We speculate that several mechanisms may
explain our findings. Trophoblastic invasion and spiral artery remodeling early in pregnancy
transforms a low-volume high-resistance circulation to a high-volume low-resistance
circulation within the uterus.7 Uterine artery Doppler studies clearly demonstrate that the
resistance index decreases substantially from the non-pregnant state to early pregnancy, the
decline continuing until 30 weeks of gestation.8 Prospective studies showed that an abnormally
high uterine artery pulsatility index9 and notching10 in the second trimester is associated with
a significantly increased risk of preterm birth, supporting our finding on maternal pulse
pressure. Olofsson et al.11 linked high uterine artery pulsatility index with defective
development or lack of physiological vessel changes in placental bed spiral arteries. Thus, it
is possible that rise in pulse pressure is a compensatory response to help provide a sufficient
blood supply to a defective placenta. Abnormal placentation, by itself, may also predispose
these pregnancies to a higher risk of spontaneous preterm birth.12 A common placental link
may, therefore, explain why there is an association between high pulse pressure and uterine
artery pulsatility index and an increased risk of spontaneous preterm birth.

We also observed that increments in systolic and diastolic blood pressure from early pregnancy
to the mid 3rd trimester associated with spontaneous preterm birth had a clear dose-response
pattern. This association could also be explained by a common placental mechanism.
Naeye13 found a strong association between preeclampsia, placental alterations suggestive of
low uteroplacental blood flow and spontaneous preterm birth. Salafia et al.14 showed that mean
maternal arterial blood pressure at admission to labor was positively associated with the
presence/extent of uteroplacental vascular lesions and with lesions of intraplacental vaso-
occlusion. Again, abnormal placentation may predispose these women to a higher risk of
spontaneous preterm birth.

There are other factors related to the vasoconstrictive state of preeclamptic women that may
contribute to spontaneous preterm birth. Preeclampsia is characterized by increased levels of
circulating vasocontrictors including endothelin-1, thromboxane, norepinephrine, as well as
an increase in sympathetic tone, while levels of vasodilators such as nitric oxide and
prostacycline are decreased.15 Such changes also affect uterine myometrium contractility.
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16–18 For example, Maltaris et al.16 in an in vitro study perfused swine uteri with endothelin-1
and sera from preeclamptic, normal pregnant and non-pregnant women. Intrauterine pressure
was significantly higher in uteri perfused by sera from preeclamptic women compared with
sera from normotensive pregnant women. Uterine hypercontractility in preeclampsia has long
been documented in human.19 Thus, elevated levels of vasoconstrictors combined with
reduced levels of vasodilators may contribute to spontaneous preterm birth even in the absence
of preeclampsia.

In summary, our results indicate that high pulse pressure in early pregnancy is a risk factor for
spontaneous early preterm birth. Also, excessive increases in blood pressure from early
pregnancy to mid 3rd trimester are associated independently with spontaneous preterm birth in
a dose-response pattern.
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Figure 1.
Incidence of spontaneous preterm birth according to rise in systolic and diastolic blood pressure
from 12 – 19 weeks to 30 – 34 weeks of gestation. *Hazard ratio and 95% confidence interval
using Cox proportional hazard model adjusting for maternal age, education, maternal body
mass index, gestational age at admission, smoking status, race, gravidity and calcium
supplementation.
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Table II.
Unadjusted mean blood pressure (SD) in mmHg during pregnancy according to gestational age at delivery. All
deliveries are considered.

Blood pressure at baseline (12
– 19 wks)

Term Birth (≥ 37 wks)
(N = 4804)

Late Preterm Birth (34 –
36 wks) (N = 289)

Early Preterm Birth (<
34 wks) (N = 74)

p value*

Diastolic 61 (9) 61 (9) 59 (10) .06
Systolic 106 (10) 107 (11) 108 (10) .07
Mean arterial 76 (8) 76 (9) 75 (9) .50
Pulse pressure 44 (9) 45 (10) 49 (11) <.0001
Increase from baseline to 30–34
wks

(N = 4430) (N = 269) (N = 57)  

Diastolic 2.9 (9.4) 7.4 (11.9) 14.6 (18.0) <.0001
Systolic 2.5 (10.6) 5.7 (12.0) 15.0 (24.0) <.0001
Mean arterial 2.8 (8.5) 6.8 (11.0) 14.7 (19.1) <.0001
Pulse pressure −0.5 (10.5) −1.7 (10.1) 0.4 (13.8) .12
*
Analysis of variance tests.
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Table III.
Adjusted change in blood pressure during pregnancy according to gestational age at delivery. All deliveries are
considered.

Blood pressure at baseline (12 –
19 wks)

Term Birth (≥ 37
wks)

Late Preterm Birth (34 – 36 wks)
Beta-coeff.* (95%CI)

Early Preterm Birth (< 34 wks)
Beta-coeff.* (95%CI)

Diastolic Reference 0.84 (−0.09, 1.77) −0.81 (−2.61, 0.99)
Systolic Reference 0.52 (−0.59, 1.62) 1.43 (−0.71, 3.58)
Mean arterial Reference 0.72 (−0.15, 1.58) −0.05 (−1.74, 1.63)
Pulse pressure Reference −0.36 (−1.38, 0.66) 2.21 (0.24, 4.19)
Increase from baseline to 30–34
wks

   

Diastolic Reference 3.6 (2.5, 4.8) 10.8 (8.3, 13.4)
Systolic Reference 3.1 (1.7, 4.4) 12.1 (9.1, 15.0)
Mean arterial Reference 3.5 (2.4, 4.6) 11.2 (8.8, 13.5)
Pulse pressure Reference −0.6 (−1.8, 0.7) 1.2 (−1.5, 4.0)
*
Multiple linear regression adjusting for maternal age, education, maternal body mass index, gestational age at admission, smoking status, race, gravidity

and calcium supplementation. CI: confidence interval.
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Table IV.
Adjusted change in blood pressure during pregnancy and spontaneous preterm birth*. Only spontaneous initiation
of labor is considered.

Blood pressure at baseline (12 –
19 wks)

Term Birth (≥ 37
wks)

Late Preterm Birth (34 – 36 wks)
Beta-coeff.* (95%CI)

Early Preterm Birth (< 34 wks)
Beta-coeff.* (95%CI)

Diastolic Reference 0.35 (−0.67, 1.38) −2.08 (−4.21, 0.05)
Systolic Reference −0.17 (−1.40, 1.06) 0.49 (−2.06, 3.04)
Mean arterial Reference 0.16 (−0.80, 1.12) −1.26 (−3.25, 0.74)
Pulse pressure Reference −0.58 (−1.71, 0.56) 2.54 (0.18, 4.89)
Increase from baseline to 30–34
wks

   

Diastolic Reference 3.0 (1.7, 4.3) 5.4 (2.4, 8.3)
Systolic Reference 2.5 (1.0, 4.0) 5.8 (2.4, 9.1)
Mean arterial Reference 2.8 (1.7, 4.0) 5.4 (2.7, 8.1)
Pulse pressure Reference −0.5 (−1.9, 0.9) 0.4 (−2.9, 3.6)
*
Multiple linear regression adjusting for maternal age, education, maternal body mass index, gestational age at admission, smoking status, race, gravidity

and calcium supplementation. CI: confidence interval.
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