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Abstract

Objectives: To evaluate home blood pressure (HBP) measurements during pregnancy and post-

partum and investigate differences between singleton and twin pregnancies.

Methods: This prospective study involved normotensive, pregnant women who were planning

to give birth at Saitama Medical Centre, Saitama, Japan between September 2013 and March

2017. HBP and pulse rate were measured twice daily and clinical blood pressure values were

determined from patient records.

Results: HBP values were available from 101 participants; 69 women with singleton and

32 women with twin pregnancies. Systolic BP was statistically significantly higher in twin preg-

nancies from 23 weeks of gestation until 8 weeks after delivery compared with singleton preg-

nancies. Pulse rate was also statistically significantly higher between 11 and 30 weeks gestation in

women with twin pregnancies compared with those with singleton pregnancies.

Conclusions: BP monitoring is important in the management of twin pregnancies, especially

during the later gestational weeks and postpartum period and HBP would facilitate this monitoring.
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Introduction

Blood pressure (BP) is routinely monitored
during pregnancy. In recent years, research-
ers evaluating ambulatory (ABP) and home
BP (HBP) measurements have demonstrat-
ed that these parameters are more strongly
associated with organ damage and long
term prognoses compared with clinical BP
data.1–3 Indeed, many of the guidelines used
for patients with hypertension, including
those in Japan, specify that BP measure-
ments should be monitored using ABP
or HBP.4–6

Several factors affect BP and include,
time of measurement, seasonality, age, sex
and body mass index (BMI).7,8 In pregnant
women gestational age is also a factor
and BP measurements have been shown to
decline gradually as the pregnancy pro-
gresses with lowest values at approximately
18–20 weeks gestation after which values
gradually increase.9–14

In a previous study, we examined HBP
variations during pregnancy and postpar-
tum (6 months after delivery) in women
with singleton pregnancies. 15 To our
knowledge, there is a paucity of data com-
paring the differences between singleton
and twin pregnancies in maternal BP.
These data are important since maternal
cardiac output has been shown to be
higher during a twin pregnancy compared
with a singleton pregnancy.16,17 Moreover,
twin pregnancy is thought to be associated
with an increased risk of hypertensive dis-
orders.18 Therefore, this present study was
designed to evaluate HBP and pulse rate
from early pregnancy to 6 months after
delivery and compare findings between sin-
gleton and twin pregnancies.

Methods

This prospective study involved pregnant
women who were planning to give birth at
Saitama Medical Centre, Saitama Medical

University, Saitama, Japan between
September 2013 and March 2017. The
study was explained to all women of early
gestational age (i.e., approximately 8 – 10
weeks) and enrolled those who provided
written informed consent to participate.
Eligible participants included women with
singleton or twin pregnancies who were
able to perform HBP measurements for
more than three months and deliver their
infants during the study period. Women
without diseases known to affect blood pres-
sure (e.g., chronic hypertension, thyroid dis-
ease, impaired glucose tolerance, kidney
disease, and collagen disease) and without
hypertensive disorders in pregnancy were
classified as normotensive. The definitions
and classifications proposed by the Japan
Society of Obstetrics and Gynaecology were
used to define hypertensive disorders of preg-
nancy in this current study19 (Table 1).

Participants measured their HBP twice
daily after enrolment (i.e., approximately
10 weeks of gestation) to six months after
delivery using automatic sphygmomanome-
ters (Omron HEM-7251G, OMRON
HEALTHCARE Co., Ltd. Kyoto, Japan).
This model of sphygmomanometer has
been demonstrated to have an adequately
high precision based on the mean differences
between the device and mercury readings for
systolic and diastolic BP (-0.6� 4.7 and -0.2
� 4.4 mmHg, respectively).20 HBP measure-
ments were performed according to the
Japanese Society of Hypertension 2014
guideline.4 According to the guidelines, BP
was measured on the upper arm by main-
taining the arm-cuff position at heart level
after a 1–2 min rest period with the partici-
pant in a seated position. The first HBP was
measured between 0400 and 1000 hours and
was within one hour of awakening, after uri-
nation and before breakfast. The second
HBP measurement was taken between 1500
and 0300 hours before bedtime.

Anonymized identification numbers,
dates, systolic and diastolic BP values,
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pulse rates, room temperatures, times of
measurements, fit of the arm cuff, and any
movement during measurement were
recorded and automatically transferred to
a dedicated server managed by OMRON
HEALTHCARE Co., Ltd. Kyoto, Japan,
using a third generation universal mobile
telecommunications system (Medical
LINK, OMRON HEALTHCARE).15 The
server was accessed through the internet
and data were downloaded for analysis.
Identification codes and personal informa-
tion were protected and only the principal
investigator (H.S.) could view this informa-
tion. Clinical BP data was obtained from

patient records and had been measured usu-
ally once at each clinic visit, every 1–2
weeks, using an automated sphygmoma-
nometer (BR-203RV II B; OMRON
HEALTHCARE Co., Ltd. Kyoto, Japan)
which has high accuracy compared with
mercurial sphygmomanometers.21 If two
BP readings had been recorded, then the
mean value was used for the analysis.
Data were obtained from patient records
by two investigators (S.E. and Y.O.).

The study protocol was approved by the
ethical committee (IRB number; 764) of
Saitama Medical Centre, Saitama Medical
University and was performed in

Table 1. Definitions and classification of hypertensive disorders in pregnancy according to the
Japanese Society of Obstetrics and Gynaecology (modified from reference19).

Definition

Hypertensive disorder of

pregnancy

Cases in which hypertension develops; those with

a systolic blood pressure of �140 mmHg and a

diastolic blood pressure of �90 mmHg from

the 20th week of pregnancy until 12 weeks

after delivery, or cases in which hypertension is

accompanied by proteinuria (�300 mg/day)

where both of these symptoms are not caused

by accidental complications of pregnancy.

Classification of disease types Cases in which hypertension develops and is

accompanied by proteinuria after the 20th

week of pregnancy and recovers to normal by

12 weeks after delivery.

Preeclampsia Cases in which hypertension develops after the

20th week of pregnancy and recovers to

normal by 12 weeks after delivery.

Gestational hypertension

Superimposed preeclampsia

a) Cases in which chronic hypertension exists

before the 20th week of pregnancy and is

accompanied by proteinuria after the 20th

week of pregnancy.

b) Cases in which chronic hypertension and

proteinuria exist before the 20th week of

pregnancy and either or both of the symptoms

become exacerbated after the 20th week of

pregnancy.

c) Cases in which renal disease presenting with

proteinuria only exists before the 20th week of

pregnancy and hypertension develops after the

20th week of pregnancy.
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accordance with the principles of the
Declaration of Helsinki.

Statistical analyses

Statistical analyses were performed using
JMP software (version 10.0.2; SAS Institute
Inc., Cary, NC, USA) and a P<0.05 was
considered statistically significant.

Some participants only measured HBP
once an occasion and so the first measure-
ment was used in the analyses. To account
for the circadian rhythm of BP,12 guidelines
suggest using mean BP values taken over
several days4–6 and so according to these
recommendations weekly mean values
were used in the analyses. Data that had
been compromised due to poor fit of the
arm cuff and/or movement during the mea-
surement were excluded from the analysis.
Student’s t-test was used to compare data
from singleton and twin pregnancies. Each
gestational week was compared but for the
postpartum period analysis periods were

separated into <4 weeks, 5–8 weeks and
9–12 weeks after delivery. The Steel-Dwass
test and Tukey-Kramar test were used to
compare data from singleton, dichorionic-
diamniotic (DD) twin and monochorionic-
diamniotic (MD) twin pregnancies.

Results

Of the 2941 women screened for the study,
181 were enrolled, of whom 101 (69 single-
ton, 32 twin pregnancies) were normoten-
sive and so were eligible for the study.
A flowchart of study participants is shown
in Figure 1. Demographic and gestational
characterises of the participants are shown
in Table 2. In total, 24,329 records of HBP
were obtained, 12,393 records from the
morning period and 11,936 records from
the evening period.

Interestingly, gestational age at delivery
was statistically significantly (P<0.05)
younger and birth weight statistically signif-
icantly (P<0.05) lower in the twin

Initial patient population
n=2941

Enrolled
n=181

Available for the analysis,
n=135

Singleton pregnancy
n=69

Abortion (< 12 weeks), n=6
Stillbirth (< 22 weeks), n=3

Transferred to another hospital, n=6
Withdrawal, n=31

Twin pregnancy 
n=32

Normotensive patients,
n=101

†Hypertensive disorder in pregnancy, n=12
Chronic hypertension, n=14

Thyroid disease, n=13
Saccharomatabolismabnormality, n=10

Collagen disease, n=6
Kidney disease, n=3

Figure 1. Flowchart of the study subjects. †Some participants had more than one disorder.†
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pregnancy group compared with the single-
ton pregnancy group (Table 2). No differ-
ences in maternal background were
observed between singleton, dichorionic-
diamniotic (DD) twin and monochorionic-
diamniotic (MD) twin pregnancies.

HBP and pulse rate measurements
throughout the pregnancies and postpar-
tum period are shown in Figure 2. For the
singleton and twin pregnancy groups, HBP
values declined during early pregnancy with
the lowest values occurring mid-pregnancy.
Thereafter, values increased gradually as
the gestational age progressed.

With the exception of weeks, 9, 10, 12,
13, 16, 21, and 22, systolic HBP values were
statistically significantly higher in the twin
pregnancy group than in the singleton preg-
nancy group for all other weeks. Compared
with systolic HBP, there were fewer gesta-
tional weeks when diastolic HBP showed
differences between singleton and twin
pregnancy groups. However, between 24
weeks gestation and 8 weeks post-partum,
diastolic HBP values were statistically

significantly higher in the twin compared
with the singleton pregnancy group. There
were no differences between singleton and
twin pregnancy groups in HBP values 9–12
weeks after delivery (Figure 2).

Pulse rates increased over the gestational
period for both types of pregnancy. For sin-
gleton pregnancies, pulse rates were highest
at 31 weeks gestation and for twin pregnan-
cies they were highest at 30 weeks gestation.
Over gestation weeks 11 to 30, pulse rates
were statistically significantly higher in the
twin pregnancy group compared with the
singleton pregnancy group.

Clinic BP values tended to be higher than
HBP values (Figure 3). For women with
singleton pregnancies, the pattern of CBP
and HBP values were similar. However,
CBP and HBP values differed statistically
significantly in women with twin pregnan-
cies. For the twin pregnancy group, systolic
CBP values decreased as gestational age
increased whereas HBP values tended to
be level until mid-pregnancy after which
time they increased.

Table 2. Demographic and gestational characteristics of the normotensive participants.

Characteristic

Singleton

pregnancy

n¼ 69

Twin pregnancy

n¼ 32

DD (n¼ 20) MD (n¼ 12)

Age, years 35.21�4.72 36.35�3.95 34.25�4.27

BMI before pregnancy, kg/m2 21.73�4.05 23.48�4.93 20.55�2.15

Gestational age at delivery,

median (range)

38 weeks,

4 days (31 weeks,

1 days–41 weeks,

1 day)

37 weeks, 0 days*

(35 weeks,

2 days–37 weeks,

3 days)

36 weeks, 5 days*

(29 weeks,

0 days–37 weeks,

3 days)

Birth weight, g 2923�521 2397�279** 2156�374**

SD value of the birth

weight Parity

0.12�1.23 �0.56�0.78** �0.98�0.77**

Primipara 43 (62.3) 11 (55.0) 6 (50.0)

Multipara 26 (37.7) 9 (45.0) 6 (50.0)

Values are shown as mean� SD, or n (%)

DD: dichorionic-diamniotic; MD: monochorionic-diamniotic; SD: standard deviation, BMI, body mass index

*P<0.05 Steel-Dwass test

**P<0.05 Tukey-Kramar test
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Figure 3. Home blood pressure (HBP) and clinic blood pressure (CBP) values during pregnancy and
postpartum period in normotensive women. The solid black lines represent the mean values for systolic/
diastolic HBP at each gestational week during twin pregnancy, while dotted black lines represent the same
values during singleton pregnancy. Solid grey lines represent the mean values for systolic/diastolic CBP at
each gestational week during twin pregnancy, while dotted grey lines represent the same values during
singleton pregnancy.

Figure 2. Home blood pressure (HBP) and pulse rates during pregnancy and in the postpartum period in
normotensive women. The solid lines show the mean values for the systolic/diastolic BP and pulse rate at
each gestational week during twin pregnancies and the dotted lines show the same variables for singleton
pregnancies.
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Discussion

In Japan, the incidence of twin births has
increased over recent years.22 In 2010, data
from the Ministry of Health, Labour and
Welfare indicate that the number of twin
births, including live births and stillbirths
was 9.6/1000 births.22 Twin pregnancy is
associated with an increased risk of hyper-
tensive disorders including preeclamp-
sia,15,23 therefore longitudinal and careful
management of BP during gestation is
important. Several guidelines recommend
HBP measurements for monitoring BP
in pregnancy 4–6,24 In this current study,
a large amount of HBP data from early
pregnancy to several weeks postpartum
were analysed and findings compared
between singleton and twin pregnancies.

Variations in HBP and pulse rate during
singleton and twin pregnancies were
similar to previously reported findings.9–15

Importantly, after 23 weeks gestation, the
systolic HBP values during twin pregnan-
cies were statistically significantly higher
than those in the singleton pregnancies
and this pattern continued until 8 weeks
after delivery. In a previous study, research-
ers observed that BP began to rise after 30
weeks gestation during twin pregnancies. 25

Together, these studies strongly suggest that
women with twin pregnancies are at
increased risk for high BP as gestational age
increases. Furthermore, pulse rates during
the twin pregnancies were significantly
higher than those during the singleton preg-
nancies between 11 and 30 weeks gestation.

Perhaps the differences between singleton
and twin pregnancies may be associated with
differences in the circulating blood volume
in the two types of pregnancy. For example,
maternal stroke volume and left ventricular
mass are greater in women with twin preg-
nancies compared with those with singleton
pregnancies.16 Furthermore, mean arterial
pressure and global time to shortening
increase progressively in twin pregnancies

after mid-pregnancy.17 In addition, in the
20th, 28th, and 32nd week of pregnancy,
plasma levels of atrial natriuretic peptide
(ANP) have been reported to be lower in
twin pregnancy compared with singleton
pregnancy.17 ANP exerts a diuretic effect
and so its decrease may explain the reason
for blood volume being greater in twin than
in singleton pregnancies in the middle stages
of pregnancy.

The differences observed in this study
between clinic BP and HBP might have
been due to the small number of clinic BP
records available compared with the large
amount of HBP data. Although 24,329
recordings of HBP data were obtained,
the number of CBP measurements was far
lower because recordings had only been
made every 1-2 weeks. We observed that
gestational age at delivery and birth
weight were significantly lower in the twin
pregnancy group compared with the single-
ton pregnancy group and we intend to
investigate these findings at a later date.

The study had several limitations. For
example, as previously mentioned, there
was a disparity between clinic BP and
HBP data in the number of recordings.
Moreover, data were only available for
32 women with twin pregnancies compared
with 69 women with singleton pregnancies
and so restricted the generalizability of the
results. In addition, HBP measurements
were continued for only two to three
months postpartum and not six months as
specified in the study design. Further, long
term studies involving more women are
required to substantiate our findings.
However, maintaining long term compli-
ance in young women without complica-
tions may be difficult because of changes
in their daily routine associated with
having a new baby.

In conclusion, BP monitoring is impor-
tant in the management of twin pregnan-
cies, especially during the later gestational
weeks and postpartum period and this
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present study shows that HBP assessments
would facilitate the monitoring.
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