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Parity as a factor affecting the white-coat effect
in pregnant women: the BOSHI study

Mami Ishikuro1,2, Taku Obara1,2, Hirohito Metoki2,3, Takayoshi Ohkubo4,5, Noriyuki Iwama3, Mikiko Katagiri3,
Hidekazu Nishigori3, Yoko Narikawa1,2, Katsuyo Yagihashi6, Masahiro Kikuya1,2, Nobuo Yaegashi3,
Kazuhiko Hoshi6, Masakuni Suzuki6, Shinichi Kuriyama1,2,7 and Yutaka Imai5

Parity has previously been reported to affect the difference in blood pressure (BP) measured in the office and at home, also

known as the white-coat effect, during pregnancy. The objective of this study was to identify possible factors that cause the

white-coat effect during pregnancy, focusing on parity. In total, 530 pregnant women (31.3±4.7 years old) who delivered at a

maternal clinic were eligible for the study. The association between parity and the white-coat effect (clinic BP compared with

home BP) was investigated for each trimester of pregnancy by multivariate analysis of covariance adjusted for age, body mass

index, family history of hypertension and smoking habits. The magnitudes of the white-coat effect for systolic BP in the first,

second and third trimesters were 4.1±9.8, 3.4±7.1 and 1.8±6.0mmHg, respectively and those for diastolic BP were

3.8±7.4, 1.6±5.8 and 2.4±4.9mmHg, respectively. Parity was significantly and negatively associated with the white-coat

effect for systolic BP in the first trimester of pregnancy (nulliparous women: 5.07±0.61mmHg and multiparous women:

2.78±0.74mmHg, P=0.02) as well as for diastolic BP in the second and third trimesters of pregnancy. Age, body mass

index, family history of hypertension and smoking were not significantly associated with the white-coat effect in any trimester of

pregnancy. Parity may have an influence on the white-coat effect in pregnancy; however, the observed effect, on average

1–2mmHg, was small.
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INTRODUCTION

Hypertension in pregnancy is one of the major diseases of maternity and
sometimes leads to severe outcomes such as stroke, premature delivery
and/or low birth weight.1 To account for this situation, standardized
antenatal care in Japan includes blood pressure (BP) monitoring at
almost every antenatal care visit. Because the BP of pregnant women is
usually only measured in clinics or hospitals, the white-coat effect, which
is defined as ‘the increase of BP that occurs during an office visit,’2

cannot be excluded. The white-coat effect often causes hypertension in
the office3 and is commonly observed among pregnant women.4,5 To
evaluate the white-coat effect, out-of-office BP measurements, including
ambulatory BP monitoring or home BP measurements, are essential. In
particular, the mean home BP values are stable and highly reproducible.6

Therefore, the American Heart Association and the American Society of
Hypertension and Preventive Cardiovascular Nurses Association have
recently recommended home BP measurement for pregnant women
and consider home BP measurement during pregnancy to be theore-
tically ideal for monitoring BP trends during pregnancy.2

It has previously been observed that the systolic BP of nulliparous
women measured in the clinic is higher than that of multiparous
women in the first trimester, though there was no significant
difference in systolic BP measured at home between the groups.7

Therefore, it is assumed that parity influences the white-coat effect
during pregnancy. Furthermore, recognition of the factors affecting
the white-coat effect might be helpful to consider in antenatal care.
However, the factors that influence the white-coat effect among
pregnant women are unknown. Thus, the present study investigated
possible factors associated with the white-coat effect in pregnancy,
especially focusing on parity.

METHODS

Study design
This study was a part of the ‘Babies and Their Parents’ Longitudinal
Observation in Suzuki Memorial Hospital in the Intrauterine Period (BOSHI)
Study. The principal objective of the BOSHI study was to investigate the
relationship between the home BP and lifestyle-related diseases. The target
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population of the study was pregnant women who expected to deliver at Suzuki
Memorial Hospital in Sendai City, Miyagi prefecture, Japan. This center has

specialists in obstetrics, gynecology and in vitro fertilization. All of the study

protocols were approved by the Institutional Review Board of Tohoku
University Graduate School of Medicine and the Review Board of Suzuki

Memorial Hospital. The details of the BOSHI study have been described

elsewhere.8,9

Study participants
In the BOSHI study, a total of 3917 women were diagnosed as being pregnant

between 1 October 2006 and 31 March 2010 and were scheduled to have their

deliveries at the hospital. All of them were invited to participate in the BOSHI
Study by poster advertising and a letter from the investigating staff. Among

them, 1322 pregnant women agreed to receive an explanation about the BOSHI

study from physicians, midwives or pharmacists, and 690 gave their consent to
participate. Women who participated after week 20 of gestation did not

describe details of their smoking or alcohol-drinking history, had missing BP

data before gestational week 20, had hypertension before gestational week 20 or
had multiple gestations were excluded. Figure 1 shows a flow diagram of the

participants. A total of 690 healthy pregnant women before 20 weeks of

gestation were enrolled for analysis. All of them had singleton pregnancies, and
none had a history of hypertension. Data on the individual characteristics and

BP before gestational week 20 were available for all of these participants. Six

women withdrew their consent and ten women were excluded from the study
because of fetal death during pregnancy. Another 27 women were transferred to

other hospitals due to threatened premature delivery (four women), premature

membrane rupture (three women), diabetes (six women), placenta previa
(five women), choledochal cyst (one woman), obesity and small myoma (one

woman), follow-up for lumbar fracture (one woman), anxiety neurosis (one
woman) and deafness (one woman), as well as due to fetal problems, including

intrauterine growth retardation (two women), suspected tetralogy of Fallot

(one woman) and fetal ovarian cyst (one woman). Fifteen women were
also excluded due to their transfer to the nearest midwifery clinic. During

the follow-up period, 57 women developed gestational hypertension or

preeclampsia. Of the remaining 575 healthy pregnant women, 45 did not
measure their home BP during pregnancy and were excluded from the analysis.

Clinic BP measurement
Clinic BP was measured using a HEM705IT instrument (Omron Healthcare,

Kyoto, Japan) based on the cuff-oscillometric method; this device generates a
digital display of both systolic and diastolic BP and is equivalent to the Omron

T9P, which is validated for pregnant women.10 When pregnant women visited

the hospital, their BP was measured twice in a seated position after 1–2 min of
rest. All antenatal care visits were booked between 0900 and 1500 h.

Home BP measurement
Home BP was measured using a HEM747IC or HEM7080IC semiautomatic
device (Omron Healthcare) based on the cuff-oscillometric method; this device
generates a digital display of both systolic and diastolic BP and is equivalent to
the HEM705IT. After enrollment, the pregnant women received instruction
about home BP measurement from physicians, midwives or pharmacists.
Home BP measurements were based on the Japanese Society of Hypertension
guidelines for self-monitoring BP at home.11 The pregnant women were asked
to measure their BP at their upper arm every morning with the following
guidelines: within 1 h of waking, after micturition, before breakfast, while
seated and after resting for more than 1 min. They were also asked to keep
recording their home BP until 1 month after delivery.

Data collection and statistical analysis
Background information and antenatal care records, including clinic BP data,
were collected from the medical charts of the pregnant women. Characteristics
of the participants were assessed by the mean and standard deviation (s.d.) or
by numbers and percentages.
Participants had their BP measured twice at each antenatal care visit. The

mean clinic BP value at each visit was calculated. Furthermore, it is standard
practice in Japan for pregnant women to visit antenatal care clinics or hospitals
once every 4 weeks until gestational week 23, once every 2 weeks from
gestational weeks 24–35 and once a week after gestational week 36. At
gestational week 40, the clinic BP measurement was taken one or more time
during each antenatal care visit. Because of the irregular BP measurements,
individual mean clinic BP values were estimated in the first, second and third
trimesters using the individual mean clinic BP value at each visit. The first
trimester of pregnancy was defined as gestational weeks 12–15, the second
trimester was defined as gestational weeks 16–27 and the third trimester was
defined as gestational weeks 28–40. The magnitude of the white-coat effect was
calculated for each trimester as the mean clinic BP minus the mean home BP.
Multivariate analysis of covariance adjusted for age, parity, body mass index,

family history of hypertension and smoking habits was used to detect possible
factors affecting the white-coat effect for each trimester. Smoking habits were
only analyzed in the first trimester of pregnancy. The variables listed above were
reported as factors that might affect the white-coat effect in previous
studies.2,4,12–14 Statistical significance was defined as Po0.05. All statistical
analyses were carried out using the SAS package (version 9.3, SAS Institute,
Cary, NC, USA).

RESULTS

A final total of 530 healthy pregnant women were eligible for BP
analysis. None of the 530 normotensive pregnant women analyzed had
proteinuria 42+ by dipstick on at least two consecutive antenatal care
visits. Characteristics of the participants are summarized in Table 1.
The mean age of the participants was 31.3± 4.7 years. Approximately
60% of the participants were nulliparous women. The mean body
mass index was 21.5± 3.4 kgm− 2, 34.2% of the participants had a
family history of hypertension and 4.0% of the participants continued
to smoke even after discovering they were pregnant.
The mean frequency of BP measurements in the clinic was 1.1± 0.3

in the first trimester, 3.6± 1.1 in the second trimester, and 7.2± 1.6 in
the third trimester. The mean frequency of BP measurements at home
was 10.4± 6.8 in the first trimester, 40.9± 23.6 in the second trimester
and 40.1± 24.7 in the third trimester. The maximum values of the
white-coat effect were 4.1 mmHg for systolic BP and 3.8mmHg for
diastolic BP, both in the first trimester of pregnancy (Table 2). The
minimum values of the white-coat effect were 1.8 mmHg for systolic
BP in the third trimester and 1.6 mmHg for diastolic BP in the second
trimester of pregnancy (Table 2).

Figure 1 Participant flow diagram. The inclusion and exclusion criterion are
described. BP, blood pressure; HBP, home blood pressure.
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Multivariate analysis of covariance for possible factors affecting the
white-coat effect in each trimester of pregnancy is shown in Tables 3
and 4. Parity was significantly and negatively associated with the
white-coat effect for systolic BP in the first trimester of pregnancy
(nulliparous women: 5.07± 0.61mmHg and multiparous women:
2.78± 0.74mmHg, P= 0.02 adjusted for age, body mass index, family
history of hypertension and smoking), as well as for diastolic BP in the
second and third trimesters of pregnancy. The average clinic and
home systolic BPs of nulliparous women were 108.9 and 103.8mmHg
in the first trimester, respectively, 107.4 and 103.5 mmHg in the
second trimester, respectively, and 107.8 and 105.6 mmHg in the
third trimester, respectively. The average clinic and home systolic BPs
of multiparous women were 106.6 and 103.8 mmHg in the first
trimester, respectively, 106.2 and 103.4 mmHg in the second trime-
ster, respectively, and 106.7 and 105.0mmHg in the third trimester,
respectively. The average clinic and home diastolic BPs of nulliparous
women were 66.6 and 62.3mmHg in the first trimester, respectively,
63.3 and 61.2mmHg in the second trimester, respectively, and 66.0
and 63.0mmHg in the third trimester, respectively. The average clinic
and home systolic BPs of multiparous women were 64.7 and 61.7
mmHg in the first trimester, respectively, 61.8 and 60.9mmHg in the
second trimester, respectively, and 64.0 and 62.5mmHg in the third
trimester, respectively. Age, body mass index and family history of
hypertension were not significantly associated with the white-coat
effect throughout pregnancy. There was also no significant association
between smoking and the white-coat effect in the first trimester of
pregnancy.

DISCUSSION

The present study found that parity was associated with the white-coat
effect during pregnancy. In a previous study comparing clinic BP
behavior throughout pregnancy with home BP behavior in groups of
nulliparous and multiparous women, parity was assumed to influence
the white-coat effect during pregnancy. The findings of the present
study, which considered individual differences in BP between clinic BP
and home BP measurements, supported the present hypothesis that
parity is significantly associated with the white-coat effect during
pregnancy. This is the first study to attempt to identify possible factors
affecting the white-coat effect in each trimester of pregnancy.

Parity
Parity was negatively associated with the white-coat effect for systolic
BP in the first trimester of pregnancy. A wide difference was previously
found in systolic BP measured in the clinic between nulliparous and
multiparous women in the first trimester.7 However, no significant
difference was found in systolic BP measured at home between
nulliparous and multiparous women.7 Therefore, it was expected that
nulliparous women tend to have the white-coat effect more than
multiparous women during pregnancy. It is possible that, compared
with multiparous women, nulliparous women are more nervous or
emotionally unstable due to their first pregnancies and antenatal care,
which they have never experienced before.15 Sympathetic tone is one
possible mechanism for the white-coat effect.16 However, heart rate
data were not collected during antenatal care visits, so it remains
unclear whether the sympathetic tone was a cause of the white-coat
effect in the present study. The significant difference between systolic
clinic BP and home BP in the first trimester might be partially
explained by an increased response to the medical environment
among nulliparous women.
As for diastolic BP, parity was negatively associated with the white-

coat effect in the second and third trimesters of pregnancy. It has also
previously been reported that nulliparous women tend to have higher
clinic diastolic BP than multiparous women.7 The significant differ-
ence between diastolic but not systolic clinic BP and home BP in the
second and third trimesters might have been caused by a decrease in
the total peripheral vascular resistance caused by vasodilatation in early
gestation, as well as by an increase in insulin resistance in later
pregnancy, especially in nulliparous women. However, the mechanism
of this phenomenon was not addressed in the present analysis. The
mechanism of the white-coat effect on diastolic BP during pregnancy
will be investigated in a future study.

Table 1 Characteristics of the participants

Variable (N=530)

Age (years) 31.3±4.7

Nulliparous (n, %) 315 (59.4)

Height (cm) 158.4±5.4

Pre-pregnancy weight (kg) 54.1±8.9

Pre-pregnancy body mass index (kgm−2) 21.5±3.4

Smoking habits (n, %) 80 (15.1)

Continuing to smoke during pregnancy (n, %) 21 (4.0)

Alcohol intake (n, %) 252 (47.6)

Continuing to drink during pregnancy (n, %) 7 (1.3)

Family history of hypertension (n, %) 181 (34.2)

Delivery gestational age (weeks) 39.8±1.2

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; mean± s.d./n (%).

Table 2 Magnitude of the white-coat effect during pregnancy

Trimester n White-coat effecta (mmHg) Mean clinic BP (mmHg) Mean home BP (mmHg)

SBP
First trimester (12–15 weeks) 441 4.1 (9.8) 107.8 (11.3) 103.7 (8.1)

Second trimester (16–27 weeks) 514 3.4 (7.1) 106.9 (9.1) 103.4 (7.9)

Third trimester (28–40 weeks) 462 1.8 (6.0) 107.1 (8.1) 103.4 (7.9)

DBP
First trimester (12–15 weeks) 441 3.8 (7.4) 65.7 (8.5) 61.9 (6.3)

Second trimester (16–27 weeks) 514 1.6 (5.8) 62.7 (6.6) 61.1 (6.0)

Third trimester (28–40 weeks) 462 2.4 (4.9) 65.1 (6.6) 62.8 (6.2)

Abbreviations: CBP, clinic blood pressure; DBP, diastolic blood pressure; HBP, home blood pressure; SBP, systolic blood pressure; mean (s.d.).
aCBP–HBP.
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Age
Aging has been reported to decrease the white-coat effect for systolic
BP in the general population12 and in hypertensive patients.17,18 A
previous study also reported that white-coat hypertension is common
among young women of childbearing age.19 However, in the present
study, the previously identified associations between age and the
white-coat effect for both systolic and diastolic BP were not identified
throughout pregnancy. The reason for this difference might be that the
age distribution was not very wide in the present study population
(mean± s.d., 31.3± 4.7 years old; minimum to maximum, 17.5–45.8
years old).

Body mass index
Obesity is a well-known risk factor for hypertension in pregnancy.20–22

Obesity acts through increased sympathetic activity or insulin
resistance,21 which is considered to be a possible mechanism for the
development of white-coat hypertension.19 In contrast, it remains
uncertain whether body mass index is a factor contributing to the
white-coat effect in pregnancy. Although the pregnant women whose
pre-pregnancy body mass index was more than 22 kgm−2 tended to
have the white-coat effect, the pre-pregnancy body mass index was not
identified to be associated with white-coat effect. It is possible that the
pre-pregnancy body mass indices of the study participants were mostly

Table 4 Multivariate analysis of covariance for the white-coat effect on DBP during pregnancy

White-coat effect (mmHg)

Period Age o30 years Age ⩾30 years P-value

First trimester (12–15 weeks) 3.63 (0.59) 3.84 (0.45) 0.8

Second trimester (16–27 weeks) 1.33 (0.43) 1.75 (0.33) 0.5

Third trimester (28–40 weeks) 2.74 (0.38) 2.13 (0.29) 0.2

Nulliparous women Multiparous women
First trimester (12–15 weeks) 4.27 (0.46) 3.03 (0.56) 0.1

Second trimester (16–27 weeks) 2.15 (0.34) 0.77 (0.41) 0.01

Third trimester (28–40 weeks) 2.95 (0.30) 1.44 (0.37) 0.002

BMI o22 kgm−2 BMI ⩾22 kgm−2

First trimester (12–15 weeks) 3.88 (0.43) 3.53 (0.61) 0.6

Second trimester (16–27 weeks) 1.45 (0.32) 1.87 (0.45) 0.4

Third trimester (28–40 weeks) 2.31 (0.28) 2.45 (0.40) 0.8

Without family history of hypertension With family history of hypertension
First trimester (12–15 weeks) 4.02 (0.43) 3.28 (0.61) 0.3

Second trimester (16–27 weeks) 1.62 (0.32) 1.53 (0.44) 0.9

Third trimester (28–40 weeks) 2.25 (0.28) 2.55 (0.39) 0.5

Non-smoker Current smoker
First trimester (12–15 weeks) 3.83 (0.36) 2.03 (1.80) 0.3

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; mean (s.e.).
Adjustment for parity, BMI, family history of hypertension and smoking was performed in each analysis. Smoking habit was adjusted for only in the analysis of first trimester of pregnancy.

Table 3 Multivariate analysis of covariance for the white-coat effect on SBP during pregnancy

White-coat effect (mmHg)

Period Age o30 years Age ⩾30 years P-value

First trimester (12–15 weeks) 3.91 (0.78) 4.26 (0.59) 0.7

Second trimester (16–27 weeks) 4.05 (0.52) 3.02 (0.40) 0.1

Third trimester (28–40 weeks) 2.19 (0.47) 1.55 (0.35) 0.3

Nulliparous women Multiparous women
First trimester (12–15 weeks) 5.07 (0.61) 2.78 (0.74) 0.02

Second trimester (16–27 weeks) 3.80 (0.41) 2.84 (0.50) 0.1

Third trimester (28–40 weeks) 1.99 (0.36) 1.47 (0.45) 0.4

BMI o22 kgm−2 BMI ⩾22 kgm−2

First trimester (12–15 weeks) 4.03 (0.57) 4.34 (0.81) 0.8

Second trimester (16–27 weeks) 3.15 (0.38) 3.92 (0.54) 0.2

Third trimester (28–40 weeks) 1.70 (0.34) 1.96 (0.49) 0.7

Without family history of hypertension With family history of hypertension
First trimester (12–15 weeks) 3.98 (0.58) 4.43 (0.80) 0.6

Second trimester (16–27 weeks) 3.39 (0.39) 3.45 (0.54) 0.9

Third trimester (28–40 weeks) 1.49 (0.35) 2.33 (0.47) 0.2

Non-smoker Current smoker
First trimester (12–15 weeks) 4.26 (0.47) 0.85 (2.38) 0.2

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; mean (standard error (s.e.)).
Adjustment for parity, BMI, family history of hypertension and smoking was performed in each analysis. Smoking habit was adjusted for only in the analysis of first trimester of pregnancy.
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normal (normal weight) and that the body mass index distribution
was not wide enough to show evidence of an association between
obesity and the white-coat effect.

Family history of hypertension
Some previous studies have reported that a family history of
cardiovascular disease is associated with the white-coat effect.14,23

The present study considered a family history of hypertension to be
a family history of cardiovascular disease because data for family
history of cardiovascular disease were not available. Using this
definition, no association between a family history of hypertension
and the white-coat effect was observed in this study. Previous studies
have found a significant association between a family history of
cardiovascular diseases and the white-coat effect in patients with
suspected and treated hypertension (mean age, 57–58 years; male,
approximately 50%).14,23 Therefore, it should be clarified that a family
history of hypertension was not associated with the white-coat effect in
pregnant women.

Smoking
Previous studies found that smokers have the white-coat effect less
than non-smokers in adulthood.12,13 The present study showed that
smoking was not associated with the white-coat effect in early
pregnancy. The association between smoking and the white-coat effect
in middle and late pregnancy could not be investigated because data
for smoking habits in middle and late pregnancy were not collected.
Bakker et al.24 reported that continued smoking is associated with a
steeper increase in both systolic and diastolic BP throughout
pregnancy. Whether smoking affects the white-coat effect or is
associated with true hypertension in middle and late pregnancy will
be addressed in a future study.

Study limitations
The present study has some limitations. First, only five factors (age,
parity, body mass index, family history of hypertension and smoking
habit) that might affect the white-coat effect2,4,12–14 were addressed
because the number of participants was not high enough to analyze
other possible factors for the white-coat effect in pregnancy. Second,
the participants did not always measure home BP on the same day that
the clinic BP was measured, so BP differences were not calculated
from measurements taken on the same day. Instead, the mean BP
values were used to analyze the differences between clinic BP and
home BP in each trimester of pregnancy. As antenatal care visits are
scheduled during the daytime, clinic BP measurements are limited
during pregnancy. Therefore, the timing of clinic BP measurements
was more varied compared with home BP measurements. Thus, clinic
BP measurements might have been affected by the diurnal BP rhythm.
In addition, participants were asked to measure their home BP in the
morning, based on the above-mentioned guidelines; thus, diurnal
rhythms could not be confirmed, and diurnal variation was not
characterized. In addition, it is difficult to estimate the day-to-day BP
variation of pregnant women because of the unique changes in BP that
occur during pregnancy. During pregnancy, BP decreases from the
first trimester to the second trimester and reaches its lowest level
around gestational week 20; after that, BP increases until delivery.8,25

The present analysis was performed with the mean BP values for each
trimester, which resulted in the inclusion of diurnal and day-to-day
variations in the analysis; this variation was not corrected for in the
results. The present study was not designed to monitor the changes in
BP between the clinic and the home; rather, this study concerned the
difference between the average clinic and home BP. Further study is

necessary to investigate the day-to-day variation of BP during
pregnancy. Finally, the final participants were only a fraction of the
patients who were invited to take part in the study. A number of
women either did not enroll or dropped out of the study because they
felt it was difficult to continuously take home BP measurements. This
may have led to participant selection bias. However, the mean age and
prevalence of complications in the present participants were compar-
able to those among pregnant women in a nationwide survey
previously conducted in Japan.26 Moreover, the rate of normotensive
pregnant women who were eligible for the analysis was similar to that
of the other study.27

In conclusion, the present study found that there is a small white-
coat effect on both systolic and diastolic BP in pregnancy and that
parity might be associated with the causes of the white-coat effect in
pregnancy. Antenatal caregivers must consider and perhaps confirm
the existence of the white-coat effect, especially in nulliparous women
with mild hypertension measured in the clinic, to prevent unnecessary
treatment.
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