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1  | INTRODUC TION

Blood pressure (BP) measurement during pregnancy plays an import-
ant role because hypertensive disorders affect 5% to 10% of women 
during pregnancy.1 Women who have hypertensive disorders of 

pregnancy (HDP) are at risk for intrauterine growth restriction, pla-
cental abruption, preterm, and cesarean birth.1,2 Factors such as age,3 
body mass index (BMI),4 parity,5 family history of hypertension,6 and 
smoking7 affect BP during pregnancy. As BP is measured in offices 
(office BP) during routine prenatal checkups, office BP has often been 
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Abstract
Blood pressure (BP) measurements of pregnant women have been collected in of-
fices and at home for previous research. However, it remains uncertain whether 
there is difference between research BP, defined as BP measured for the purpose 
of epidemiological research and BP measured at home or in an office. Therefore, 
the present study aimed to compare research BP with home and unstandardized of-
fice BP. Research, home, and office BP were measured among pregnant women who 
participated in the Tohoku Medical Megabank Project Birth and Three-Generation 
Cohort Study (TMM BirThree Cohort Study). Research BP was measured twice at 
our research center while the participant was seated and after resting for 1-2 min-
utes. Research, home, and office BP were compared and agreement among the 
values was assessed. Differences among research, home, and office BP values and 
possible factors affecting differences were analyzed. Among 656 pregnant women, 
the mean (± standard deviations) research systolic (S), diastolic (D) BP, home SBP, 
home DBP office SBP, and office DBP were 103.8 ± 8.5, 61.8 ± 7.3, 104.4 ± 9.2, 
61.2 ± 6.8, 110.5 ± 10.8, and 63.8 ± 8.7mmHg, respectively. Research SBP value 
was lower than home value (P = .0072; difference between mean research and home 
BP: −0.61 ± 7.8 mmHg). Research SBP and DBP values were lower than office val-
ues (P < .0001 for both SBP and DBP; means ± standard deviations of differences 
between research and office BP: 6.7 ± 10.1 and 2.0 ± 8.5 mmHg for SBP and DBP, 
respectively). In conclusion, when research BP is measured under conditions con-
trolled, research BP can give close values to home BP for pregnant women.
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used in research on pregnant women. However, previous studies have 
found that office BP is higher than home BP during pregnancy.8,9 
Home BP is more reproducible than office BP and it is applicable to 
monitoring BP during pregnancy,10-12 whereas it has cumbersome 
aspect in daily measurements. BP should be monitored during preg-
nancy; therefore, it is worth investigating a measurement method 
which gives close BP value to home BP. BP value is sometimes in-
cluded in measurement items of epidemiological research, and the BP 
is originally measured by the research. However, it remains uncertain 
whether BP defined as that measured for the purpose of epidemio-
logical research (research BP) differs from office and home BP among 
pregnant women. The primary aim of the present study is to compare 
research BP values with home BP values and the secondary aim is to 
compare research BP with office BP among pregnant women.

2  | METHOD

2.1 | Study design

This cross-sectional study is a part of the Tohoku Medical Megabank 
Project Birth and Three-Generation Cohort Study (TMM BirThree 
Cohort Study), which recruited 22,493 pregnant women between 
July 19, 2013, and March 31, 2017, in Miyagi and Iwate prefectures, 
Japan. The Institutional Review Board at Tohoku University Graduate 
School of Medicine approved the study (May 27, 2013; Approval 
No: 2013-1-103-1). Details of the TMM BirThree Cohort Study are 
described elsewhere.13,14 As follow-up is now ongoing, the present 
study implemented cross-sectional analyses of baseline data.

2.2 | Study population

Pregnant women who presented at obstetric clinics or hospitals pro-
vided written, informed consent to participate in the TMM BirThree 
Cohort Study. In our research centers, we also recruited pregnant 
women to the TMM BirThree Cohort Study,13 and health assessment 
of the participants were performed once or twice during pregnancy. 
Exclusion criteria comprised >40 weeks of gestation, research, home, 
and office BP values not measured, office BP not measured within 
four weeks before to four weeks after from the day when research BP 
was measured, or a diagnosis of HDP. We did not impose any exclusion 
criteria regarding the number of BP measurements for each method. 
Data from 656 participants were analyzed in the present study.

2.3 | Data collection

2.3.1 | Research BP measurements

Research BP was measured in pregnant women before undergo-
ing any other examinations at our research center. A trained nurse 
measured research BP twice using an HEM-9000AI electronic upper 

arm-cuff device (OMRON Corporation, Kyoto, Japan)15 in seated 
participants after they had rested for 1 to 2 minutes. The means of 
BP values obtained from the pregnant women were analyzed.

2.3.2 | Home BP measurement

Pregnant women measured home BP every morning for two weeks 
after presenting at our research center. Home BP was measured 
while the participant was seated, within one hour of waking and 
after 1 to 2 minutes of rest, before taking medicines and eating 
breakfast according to Japanese guidelines.16 Our staff provided the 
participants with HEM-7080IC electronic upper arm-cuff devices 
(OMRON Corporation)17 that measure BP based on cuff-oscillome-
try and instructed them how to measure BP at home. The means of 
BP values measured for four weeks were analyzed.

2.3.3 | Office BP measurements

Office BP was measured in pregnant women who presented at any 
of 39 participating hospitals or clinics in Miyagi prefecture. Some 
participants measured their own BP using automated devices in hos-
pitals or clinics, whereas medical staff measured BP in others using 
an electrical device. We analyzed BP measured at hospitals or clinics 
within four weeks before to four weeks after from the day when 
research BP was measured. If BP was measured at hospitals or clinics 
more than twice in this period, the mean of all BP values was used.

2.3.4 | Basic characteristics and outcomes

We collected information about smoking habits and pre-pregnancy BMI 
from a self-administered questionnaire. Information about age, expected 
date of delivery, and history of pregnancy and delivery was determined 
from medical records obtained at the time of registration in the TMM 
BirThree Cohort Study. A diagnosis of HDP was obtained from medical 
records at the time of delivery. Office BP data and gestational weeks at 
the time office BP was measured were collected from medical records.

2.4 | Statistical analysis

Characteristics of the participants are shown as means ± standard 
deviation (SD), or as numbers (n) and ratios (%). We evaluated dif-
ferences and similarities among research, home, and office BP as 
follows. We assessed the means of research, home, and office BP 
using Pearson correlation coefficients and Student's t tests and then 
analyzed agreement among combinations of the three types of BP 
measurements using Bland-Altman plots. We also reconfirmed con-
sistency using Bland-Altman plots of geometric means and ratios 
(Supplemental, Figure S1). We then analyzed “differences” among 
research, home, and office BP values as follows. We defined the 
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research-home BP difference as research BP minus home BP, office-
research BP difference as office BP minus research BP, and office-
home BP difference as office BP minus home BP and determined 
Pearson correlation coefficients for office-research vs. research-
home BP difference, office-home vs. research-home BP difference 
and office-research vs. office-home BP difference. Possible factors 
such as age,18-20 parity,5,9 pre-pregnancy BMI,4 pregnancy trimester,21 
and smoking habit20,22 were assessed using multivariate analyses of 
covariance (ANCOVA). These factors were also used for adjustment 
in these analyses. Performing ANCOVA, we set cutoff as previous 
study to age and pre-pregnancy BMI according to previous study.5

All data were statistically analyzed using SAS version 9.4 (SAS 
Institute Inc, Cary, North Carolina, USA) and Python Language 
Reference, version 3.6.2 (Python Software Foundation at http://
www.python.org). Statistical significance was defined as P < .05.

3  | RESULTS

3.1 | Characteristics of participants

Table 1 shows that the mean age of the 656 participants was 
32.2 ± 4.9 years and the mean gestational weeks at the time of research 
BP measurement was 14.5 ± 4.4 weeks. The mean research systolic 
(S) and diastolic (D) BP values were 103.8 ± 8.5 and 61.8 ± 7.3 mmHg, 
respectively. The average number of home BP measurements was 
11.6 ± 3.0 and the mean home SBP and DBP values were 104.4 ± 9.2 and 
61.2 ± 6.8 mmHg, respectively. The average number of office BP meas-
urements was 1.9 ± 0.8, mean time interval between office and research 
BP measurements was 0.50 ± 2.2 weeks and mean office SBP and DBP 
values were 110.5 ± 10.8 and 63.8 ± 8.7 mmHg, respectively. The mean 
research-home, office-research, and office-home SBP and DBP differ-
ences were −0.61 ± 7.8 and 0.58 ± 6.4, 6.7 ± 10.1 and 2.0 ± 8.5, and 
6.2 ± 11.0 and 2.6 ± 8.7 mmHg, respectively. The rates of participants 
with positive research-home, office-research, and office-home SBP and 
DBP differences were 49.4% and 52.7%, 74.2% and 61.9%, and 69.7% 
and 64.3%, respectively. The number of participants whose mean of 
research and home SBP was above 140 mmHg and that of DBP was 
above 90 mmHg was 0 and 2, respectively. The number of participants 
whose mean of research and office SBP was above 140 mmHg and that 
of DBP was above 90 mmHg was 1 and 1, respectively. The number of 
participants whose mean of office and home BP was above 140 mmHg 
and that of DBP was above 90 mmHg was 1 and 0, respectively.

3.2 | Associations among research, 
home, and office BP

3.2.1 | Research vs. home BP

Research BP was correlated with home SBP and DBP (r = 0.61 and 
0.58 for SBP and DBP, respectively) (Figure 1A,B). We found that 

research SBP value was lower than home SBP (P = .046) (Figure 1G) 
and research DBP value was higher than home DBP (P = .023) 
(Figure 1H).

3.2.2 | Research vs. office BP

Research BP was correlated with office BP (r = 0.48 and 0.45 for 
SBP and DBP, respectively) (Figure 1C,D). Both SBP and DBP values 
were lower for research than office values (P < .0001 for both SBP 
and DBP) (Figure 1G,H).

TA B L E  1   Characteristics of the participants

Variable (N = 656)

Age (years) 32.2 ± 4.9

Gestational week at measurement (weeks) 14.5 ± 4.4

First trimester (5-15 weeks) 357 (57.2)

Second trimester (16-27 weeks) 281 (42.8)

Nulliparous 267 (40.1)

Height (before pregnancy) (cm) 158.5 ± 5.3

Weight (before pregnancy) (kg) 54.0 ± 9.1

Body mass index (before pregnancy) (kg/m2) 21.5 ± 3.3

Smoking during pregnancy 72 (11.0)

Research BP

Number of measurements 2.0 ± 0.0

Systolic BP (mmHg) 103.8 ± 8.5

Diastolic BP (mmHg) 61.8 ± 7.3

Home BP

Number of measurements 11.6 ± 3.0

Systolic BP (mmHg) 104.4 ± 9.2

Diastolic BP (mmHg) 61.2 ± 6.8

Office BP

Number of measurements 1.9 ± 0.8

Interval between research BP measurement 
(weeks)

0.50 ± 2.2

Systolic BP (mmHg) 110.5 ± 10.8

Diastolic BP (mmHg) 63.8 ± 8.7

Research-home BP difference

Systolic BP (mmHg) -0.61 ± 7.8

Diastolic BP (mmHg) 0.58 ± 6.4

Office-research BP difference

Systolic BP (mmHg) 6.7 ± 10.1

Diastolic BP (mmHg) 2.0 ± 8.5

Office-home BP difference

Systolic BP (mmHg) 6.2 ± 11.0

Diastolic BP (mmHg) 2.6 ± 8.7

Note: Results are shown as means ± standard deviation or as n (%).BP, 
blood pressure.

http://www.python.org
http://www.python.org
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3.2.3 | Office vs. home BP

Office BP was correlated with home BP (r = 0.41 and 0.40 for SBP 
and DBP, respectively) (Figure 1E,F). Both SBP and DBP values were 
higher for office than home values (P < .0001 for both SBP and DBP) 
(Figure 1G,H).

3.3 | Agreement determined using Bland-
Altman plots

3.3.1 | Research vs. home BP

The average mean of research and home SBP and that of DBP were 
104.1 ± 8.0 and 61.5 ± 6.3 mmHg, respectively, and the coefficients 

F I G U R E  1   Scatter plots, histograms and regression lines of all BP combinations. (A) research vs. home SBP, (B) research vs. home DBP, (C) 
research vs. office SBP, (D) research vs. office DBP, (E) office vs. home SBP, and (F) office vs. home DBP. Lines in histograms represent kernel 
density estimation for BP distribution and gray area represents standard error (r, Pearson correlation coefficient; P, p-value). Boxplots show 
SBP (G) and DBP (H). DBP, diastolic blood pressure; SBP, systolic blood pressure



2008  |     USUZAKI et Al.

between the means and the differences for SBP and DBP were 
−0.10 (P = .0079) and 0.095, (P = .015), respectively (Figure 2A,B).

3.3.2 | Research vs. office BP

The average mean of research and office SBP and that of DBP were 
107.1 ± 8.3 and 62.8 ± 6.8 mmHg, respectively, and the coefficients 

between the means and the differences for SBP and DBP were 0.26 
and 0.19, respectively (P < .0001 for both SBP and DBP) (Figure 2C,D).

3.3.3 | Office vs. home BP

The averaged mean of office and home BP and that of DBP were 
107.0 ± 8.5 and 62.0 ± 6.4 mmHg, respectively, and the coefficient 

F I G U R E  2   Bland-Altman plots. (A) research vs. home SBP, (B) research vs. home DBP, (C) research vs. office SBP, (D) research vs. office 
DBP, (E) office vs. home SBP, and (F) office vs. home DBP. Horizontal axes, means of paired BP; vertical axes, difference in BP (r, Pearson 
correlation coefficient; P, p-value). DBP, diastolic blood pressure; SBP, systolic blood pressure
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between the means and differences for SBP and DBP were 0.17 and 
0.27, respectively (P < .0001 for both SBP and DBP) (Figure 2E,F).

3.4 | Associations between BP difference 
combinations

Office-research and research-home BP differences were negatively cor-
related (r=−0.27 and −0.36 for SBP and DBP, respectively) (Figure 3A,B). 
Office-research and office-home BP differences were correlated 
(r = 0.73 and 0.72 for SBP and DBP, respectively) (Figure 3C,D). Office-
research and research-home BP differences were correlated (r = 0.47 
and 0.39 for SBP and DBP, respectively) (Figure 3E,F).

3.5 | Possible factors affecting BP differences

Table 2 shows the possible factors affecting BP differences. Age 
was positively associated with office-research SBP difference and 

pre-pregnancy BMI was positively associated with office-research 
DBP difference. Smoking habit was negatively associated with of-
fice-research and office-home SBP and DBP differences.

4  | DISCUSSION

We found that research BP (if measured under conditions controlled 
as described herein) could give close values to home BP for pregnant 
women. The results of the present study revealed that office SBP 
and DBP were higher than home SBP and DBP (by 6 and 2 mmHg, re-
spectively), which reconfirmed the white-coat effect (WCE) among 
pregnant women.8,12,23 Ishikuro et al9 reported that home BP was 4 
to 5 mmHg lower than office BP among Japanese pregnant women. 
The WCE manifests in 15% to 20% of the general population,24 and 
in 30% of pregnant women.25,26 Office BP can be measured easily 
and inexpensively, but it is affected by WCE.27 Unattended office 
BP measurements have been studied in an effort to improve the 
accuracy of office BP.28 However, Asayama et al29 reported that 

F I G U R E  3   Scatter plots, histograms and regression lines of BP differences. (A) office-research vs. research-home SBP difference, 
(B) office-research vs. research-home DBP difference, (C) office-research vs. office-home SBP difference, (D) office-research vs. office-
home DBP difference, (E) office-home vs. research-home SBP difference, and (F) office-home vs. research-home DBP difference. Lines in 
histograms represent estimated kernel density for BP difference distribution. Gray area represents standard error (r, Pearson correlation 
coefficient; P, P-value). DBP, diastolic blood pressure; SBP, systolic blood pressure
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unattended office BP was not a suitable alternative to home BP in 
a Japanese population. Evidence supporting the prognostic value 
of unattended office BP is limited11 and its characteristics such as 
clinic effects29 should be studied. Compared with office BP, home 
BP provides more reproducible data,12 avoids the WCE and is more 
closely associated with hypertension-mediated organ damage in the 
general population.11 Iwama et al23 found that a high maternal home 
BP before 20 weeks of gestation is associated with a higher risk of 
lower infant birth weight than office BP. However, home BP meas-
urement has cumbersome aspect because participants must learn 
how to measure it for specific periods and measure BP repeatedly by 
themselves.27 Tucker et al performed meta-analysis and showed that 
no evidence of a systematic difference between home and office 
BP values but this may be attributed to the low BP values.30 The ef-
fect of BP value in home BP may influence on our results. Home BP 

has merits, but an alternative measurement method with less burden 
and limited WCE should be identified. Myers et al31 noted that BP 
tended to be lower when measured by research staff than family 
physician. We measured research BP in pregnant women for epi-
demiological investigations based on Japanese guidelines.16 Under 
these conditions, research BP might be measured with limited WCE 
because the mean research and home BP values were similar in the 
present study. Previous findings have shown elevated sympathetic 
tone in patients with white-coat hypertension.32 An overactive sym-
pathetic nervous system might be suppressed during research BP 
measurements to a level similar to that of home BP. Of course, there 
is a little feasibility for pregnant women to measure research BP out 
of office routinely; however, we can discuss relations between clini-
cal manifestations and research BP in the sense of approximation to 
home BP. Women who have poorly controlled chronic hypertension 

BP difference 
(mmHg) Systolic BP Diastolic BP

Age < 30 y Age ≥ 30 y P Age < 30 y Age ≥ 30 y P

Research-
home

-0.15 (0.55) -0.82 (0.37) .32 1.2 (0.45) 0.31 (0.30) .11

Office-
research

5.4 (0.71) 7.4 (0.47) .0021 1.2 (0.60) 2.4 (0.40) .11

Office-home 5.2 (0.77) 6.6 (0.51) .16 2.4 (0.61) 2.7 (0.41) .69

Nulliparous Multiparous Nulliparous Multiparous

Research-
home

-0.79 (0.48) -0.49 (0.40) .64 -0.79 (0.48) -0.49 (0.40) .64

Office-
research

7.5 (0.61) 6.2 (0.51) .11 2.0 (0.54) 2.0 (0.43) .94

Office-home 6.7 (0.67) 5.8 (0.55) .26 2.5 (0.53) 2.7 (0.44) .77

BMI < 22 BMI ≥ 22 BMI < 22 BMI ≥ 22

Research-
home

-0.30 (0.38) -1.2 (0.52) .16 0.23 (0.31) 1.2 (0.43) .064

Office-
research

6.7 (0.48) 6.9 (0.67) .83 2.5 (0.41) 1.0 (0.56) .034

Office-home 6.4 (0.52) 5.7 (0.72) .42 2.8 (0.41) 2.3 (0.58) .48

Non-smoker Smoker Non-smoker Smoker

Research-
home

-0.61 (0.32) -0.62 (0.93) .99 0.57 (0.27) 0.59 (0.77) .98

Office-
research

7.1 (0.41) 4.1 (1.2) .020 2.3 (0.35) -0.31 (1.0) .016

Office-home 6.5 (0.45) 3.5 (1.3) .032 2.9 (0.36) 0.28 (1.0) .019

First 
trimester

Second 
trimester

First 
trimester

Second 
trimester

Research-
home

-0.51 (0.56) -0.75 (0.70) .83 0.52 (0.47) 0.65 (0.58) .89

Office-
research

6.5 (0.72) 7.2 (0.90) .63 2.3 (1.1) 1.5 (0.038) .51

Office-home 6.0 (0.79) 6.4 (0.98) .77 2.9 (0.63) 2.2 (0.78) .58

Note: Data are shown as means (standard error). First and second trimesters, 5 −15 and 16 - 
27 weeks, respectively.
Abbreviations: BMI, body mass index (kg/m2); BP, blood pressure; P, probability.

TA B L E  2   Multivariate analysis 
of covariance among difference 
combinations



     |  2011USUZAKI et Al.

are advised to use home blood pressure monitoring for pregnancy.1 
Research BP can be used to discuss factors related with HDP in the 
research context as approximation to home BP and this discussion 
may lead to reveal properties of hypertension-related disorder dur-
ing pregnancy. The practical use of home BP and improvements in 
office BP accuracy remain issues.

Bland-Altman plots indicated no agreement among BP measure-
ments in the sense that there was no proportional bias. Correlation 
coefficients in Bland-Altman plots between research and office BP 
and office and home BP were relatively high among our results. 
This might reflect inadequate estimates generated by office BP10,33 
because participants with high mean BP tended to have wide dif-
ferences. Correlation coefficients in Bland-Altman plots between 
research and home SBP were negative. This result indicates that the 
difference between research and home SBP become smaller when 
mean of these become higher. This may indicate that among partic-
ipants with high BP have close research BP to home BP. Since the 
geometric means and ratios confirmed the same results, they might 
provide a clue to understanding the features of research and home 
BP.

We analyzed associations among office-home, office-research, 
and research-home BP differences. Associations were positive ex-
cept for the association between office-research and research-home 
differences. This might mean that home and research BP values are 
similar. Office-research and research-home differences were neg-
atively associated, whereas office-home and research-home gaps 
were positively associated. These results might reflect that about 
50% of our participants had higher research BP than home BP, but 
the difference between the values was small. Further study is re-
quired to clarify the similarities and differences between research 
and home BP.

Multivariate ANCOVA revealed that BP differences are posi-
tively associated with age, pre-pregnancy BMI, and negatively as-
sociated with smoking habit. Aging reportedly increases the WCE 
in general population.19 White-coat hypertension has been identi-
fied in 1.1% and 2.2% of women aged 18-30 and 30-40 years, re-
spectively.19 Rates of arteriosclerotic blood vessels increase with 
age34 and BP is apt to be influenced by arteriosclerosis in blood ves-
sels. However, whether such changes occur in younger population 
(age ± SD: 32.2 ± 4.9 years) discussed in the present study remains 
unknown. Some studies discussed that changes in metabolic and 
vascular systems induced by pregnancy35 might unmask extant sub-
clinical risks, which could manifest in later life as effects of aging.36 
This might reflect extant factors that accumulate not only with ad-
vancing age, but also during pregnancy. Obesity might be associated 
with BP4,37 because abnormal renal sodium and water reabsorption 
and impaired pressure natriuresis play major roles in obesity-related 
hypertension.38 In the present study, pre-pregnancy BMI was nega-
tively associated with the office-research DBP difference. However, 
it remains unclear whether BMI is associated with WCE.39 Cigarette 
smoking reportedly decreases the WCE among adults.20,22 Nicotine 
reduces anxiety through central nervous system effects; thus, the 
psychophysiological effects of nicotine might explain the limited 

WCE on smokers and the reduced BP measured in an office envi-
ronment.20,22 Another explanation might be that office BP tends to 
be measured when nicotine levels are low, whereas home BP can be 
measured under a patient's normal level of nicotine, which elevates 
BP.40 In this study, smoking habit was associated with office-research 
and office-home SBP and DBP differences. Some participants in the 
present study might have smoked before research BP was measured. 
The present results indicate that the similarity between research and 
home BP values is due to the outcomes of both mechanisms.

This cross-sectional study has some limitations. First, we can-
not discuss time-course of BP in this research. The BP of pregnant 
women changes according to gestational week9 partly because 
the endocrine system influences BP and total peripheral vascu-
lar resistance also changes according to gestational week.41 The 
mean gestational weeks of research BP measurement in the 
present study was 14.5 ± 4.4 weeks and physiological changes 
between the first and second trimester of pregnancy might af-
fect results. Previous study also reported change of BP from first 
trimester to second trimester had various patterns,42 and this 
could affect differences of BPs. However, mean interval between 
office and research BP measurements in the present study was 
0.50 ± 2.2 weeks. The effect of interval might be limited. As an-
other possibility, order effect might influence on our results. There 
were some patterns of orders among research, home, and office 
BP measurements because we analyzed all office and home BP 
measurements performed in defined period. Office BPs were 
measured before or after measurement of research BPs depend-
ing on participant's schedule of medical checkup. Home BPs were 
measured after research BPs as well as home BP depending on 
participant’s schedule of medical checkup. Home BPs were mea-
sured after research BPs. Further study is required to determine 
the time-course of research BP and interrelations with office and 
home BP including timing of measurements during pregnancy. 
Second, measurement methods for research, home, and office BP 
had variation. BPs were measured according to Japanese guide-
line16 and this guideline states that the difference between the 
BPs of the left and right arms should be confirmed at the first 
measurement. We measured BPs in the three contexts, research, 
home, and office. In each context, the same arm was always used 
to measure BPs. The arm used to measure research, home, and 
office BPs was not standardized. For research BP measurement, 
we recommended that participants come to our center in a fasting 
state but we did not insist on it to maintain the usual condition of 
pregnancy. Research BP might be affected by stimulants such as 
smoking, coffee, or behavioral factors, though pregnant women 
are usually recommended not to take coffee or smoke by medi-
cal staff in Japan. For office BP measurement, some participants 
measured their own BP at clinic or hospitals, others were mea-
sured by medical staff. We could not distinguish BPs measured 
by medical staff from BPs measured by participants themselves. 
Each clinic or hospital used the BP monitor adopted by each fa-
cility, and the BP monitors used to measure office BP were not 
standardized. We could not collect information on these devices. 
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In office BP measurement, the time of measurement was not stan-
dardized and office BP might be affected by stimulants as research 
BP. These might result in variation of office BP. It is still unclear 
whether standardized office BP gives the same results reported in 
this study. However, all these situations can occur in research and 
clinical practice. The present results showed that the research BP 
value was close to the home BP value even if BPs were measured 
under non-standardized conditions, with only research BP mea-
sured in a controlled situation according to measurement method 
of guideline.16 Third, there might be selection bias because partic-
ipants in the TMM BirThree Cohort Study participated voluntarily 
in the study and provided us with their data. One possibility is 
that participants were healthier because people who volunteer to 
participate in a study may be more health conscious than those 
who do not volunteer. On the other hand, another possibility is 
that people who volunteer to participate in a study may be at risk 
of some disease. The study population did not include women with 
high BP and this might result in similar BP level. However, selec-
tion bias might be limited because, in The TMM BirThree Cohort 
Study, about half of the pregnant women in Miyagi Prefecture 
were recruited,13 and the characteristics of pregnant women were 
similar to vital statistics in Japan,43 for example, the mean age of 
participants was 32.2 ± 4.9 years in this study and in the Japanese 
vital statistics, the mean maternal age at the time of birth of the 
first, second, and third child was born is 30.7, 32.6, and 33.6 years, 
respectively. Nevertheless, research BP was measured for partic-
ipants who volunteer to visit our centers and research BP might 
be affected by selection bias above mentioned. The effect of se-
lection bias should be evaluated in another study. In conclusion, 
we found that research BP was lower than office and home SBP 
and that the difference between research BP and home BP among 
pregnant women was small. Differences among research, home, 
and office BPs partly can be attributed to measurement situa-
tions, however, these differences may reflect variations in each 
measurement method.
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