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Abstract

In the near future, hypertensive disorders of pregnancy (HDP) have been diagnosed by home blood pressure monitoring
(HBPM) instead of clinic BP monitoring. A multicenter study of HBPM was performed in pregnant Japanese women in
the non-high risk group for HDP. Participants were women (n = 218), uncomplicated pregnancy who self-measured
and recorded their HBP daily. Twelve women developed HDP. HBP was appropriate (100 mmHg in systole and
63 mmHg in diastole), bottoming out at 17 to 21 weeks of gestation. It increased after 24 weeks of gestation and
returned to non-pregnant levels by 4 weeks of postpartum. The upper limit of normal HBP was defined as the mean
value +3 SD for systolic and mean +2 SD for diastolic with reference to the criteria for non-pregnant women. Using
the polynomial equation, the hypertensive cut-off of systolic HBP was 125 mmHg at 15 weeks and 132 mmHg at
30 weeks of gestation, while it for diastolic HBP was 79 mmHg at 15 weeks and 81 mmHg at 30 weeks of gestation.
Systolic HBP in women who developed HDP was higher after 24 weeks of gestation, and diastolic HBP was higher
during most of the pregnancy compared to normal pregnancy. When the variability of individual HBP in women
developed HDP compared to normal pregnant women was examined using the coefficient of variation (CV), the CV
was lower in HDP before the onset of HDP. HBPM can be used not only for HDP determination, but also for early
detection of HDP.

Keywords Home Blood Pressure - Hypertensive Disorders Of Pregnancy * Individual Variability

Introduction

To date, hypertension has been diagnosed based on blood
pressure (BP) in the clinical setting, and hypertensive dis-
orders of pregnancy (HDP) have naturally been diagnosed
using clinic BP (CBP). However, home BP (HBP) is lower
than CBP. There is also diurnal variation in BP, and it
changes with various stimuli in life. It is also possible to
differentiate between white coat hypertension (WCH) and
masked hypertension (MH) using HBP. WCH is known to
be more frequent in pregnant women than in non-pregnant
women. Women with WCH are at a marginally increased
cardiovascular risk and could also develop sustained
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hypertension [1]. Therefore, they should be regularly fol-
lowed using HBP and CBP. In addition, MH is increased
more with HBP than CBP, and it also increases the risk of
cardiovascular events [2] Parati et al. reported that man-
agement of WCH and MH should be decided on the basis of
both HBP monitoring (HBPM) and CBPM [3].

Therefore, HBPM is strongly recommended by hyper-
tension guidelines to confirm the diagnosis of hypertension
and evaluate the efficacy of medications [4]. HBPM is a
valuable tool in the daily management of hypertension with
medical supervision. In the near future, HBPM will be
necessary along with CBPM for the diagnosis and treatment
of HDP. However, there is insufficient evidence in pregnant
women in Japan or anywhere else in the world.

Thus, we conducted a multicenter study of HBPM in
pregnant Japanese women to describe the trajectories of
HBPM and to explore the characteristics of HBPM among
normal pregnant women and HDP patients.

SPRINGER NATURE
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Graphical Abstract

The hypertensive cut-off in HBP by HBPM was determined in Japanese pregnant women. (A) Optimizing the polynomial of
systolic HBP that induces the hypertensive boundary value by HBPM. By the polynomial equation of mean +3 SD, systolic
HBP at 35 weeks gestation equal to non-pregnant was 135 mmHg, the current reference value for non-pregnant hypertension
of HBPM. Polynomial of mean +3 SD was considered optimal. (B) Optimization of polynomial of diastolic HBP that
induces the hypertensive boundary value by HBPM. By polynomial of mean +2SD, diastolic HBP at 38 weeks gestation
equal to non-pregnant was 85 mmHg, the current standard for non-pregnant hypertension by HBPM. Thus, polynomial of

mean +2 SD was considered optimal.
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Clinical relevance

The multicenter study in Japanese pregnant women was able to
establish hypertension criteria for each gestational week using a
polynomial equation.

Future direction

The criteria for hypertension at each week of gestation established
in this study are expected to be applied to (1) the development of
hypertension criteria by HBPM at a global level, as in non-
pregnant women, and (2) HDP management and prediction.
Consideration for the Asian population

This study will contribute to the development of HDP criteria for
HBPM in the JSSHP guidelines, and the new criteria will play an
important role in the management of HDP in Asian women,
including Japanese.

Subjects and methods

A total of 268 pregnant women with uncomplicated pregnan-
cies were enrolled with their consent in this study. Excluded
were pregnant women who met the exclusion criteria: essential
hypertension, diabetes mellitus, gestational diabetes, thyroid
dysfunction, renal dysfunction, and psychiatric disorders. The
enrolled period was from January 1, 2016 to March 31, 2018.

Participating and cooperating institutions were: Hokkaido
University, Hirosaki University, Tohoku University, Jichi
Medical University, Saitama Medical University Medical
Center, Tokyo Medical University, Nippon Medical School,
Juntendo University, Showa University, Toyama University,
Aichi Medical University, Fujita Health University, Osaka
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University, National Cerebral and Cardiovascular Center,
Ehime University Hospital, Sano Kosei General Hospital,
Kochi Prefectural Hata Kenmin Hospital, Kochi Prefectural
Health Science Center as higher tertiary hospitals, and Fukui
Women’s Clinic, Kanda Maternity Clinic, Mommy Rose
Clinic as general practitioners and Suzuki Hospital, St. Bar-
nabas Hospital, Daiyu Kai Hospital, Gamagori Municipal
Hospital as non- higher tertiary hospitals.

In this study, we targeted non-high risk of pregnant
women of HDP to participate. Thus, we also invited parti-
cipants from general practitioners and non-higher tertiary
hospital in addition of higher tertiary hospital. Of 268, 100
participants were entered (80 women at general practitioners
and 20 women at non- tertiary hospitals).

HBPM was performed daily using an automatic sphyg-
momanometer (HEM-8712, Omron Corporation, Kyoto,
Japan) from early pregnancy to one month postpartum.
According to guidelines for the management of hypertension
2014 [5] by Guidelines Subcommittees of the Japanese
Society of Hypertension, measurement environments were
(1) a quiet, appropriate environment at room temperature, (2)
after resting for 1-2 min in a seated position with the legs not
crossed, (3) no conversation, (4) smoking and alcohol/caf-
feine consumption should be avoided before measurement,
and (5) the cuff position can be maintained at the heart level.

Measurement conditions were essential conditions; (a)
morning: within 1 h after waking up, after urination, before
dosing in the morning, before breakfast, and after 1-2 min
resting in a sitting position, (b) evening (at the bedtime): after
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1-2 min resting in a sitting position and additional conditions;
(a) according to instructions: before dinner, before dosing in
the evening, before bathing, or before alcohol consumption.

As a rule, measurement should be performed twice per
occasion, and the mean value of two measurements should
be adopted. When measurement is performed only once per
occasion, the BP value is used. Values to be evaluated both
mean of morning and evening values obtained for 7 days (at
least 5 days).

BP was measured in the outpatient clinic and at home
using the same type of sphygmomanometer.

HDP was finally diagnosed 3 months after delivery based
on the Japan society of study for hypertension in pregnancy
(JSSHP) criteria [6]. HDP was defined as hypertension (sys-
tolic BP > 140 and/or diastolic BP > 90 mmHg) during preg-
nancy. Gestational hypertension (GH) was defined as
hypertension without proteinuria, maternal organ failure (liver
damage, progressive kidney damage), stroke, neurological
complications (clonus, eclampsia, visual field disturbances,
severe headache other than primary headache, etc.), hemato-
logical complications, or uteroplacental insufficiency. Pre-
eclampsia (PE) was defined as hypertension with proteinuria,
maternal organ damage, or uteroplacental insufficiency (fetal
growth restriction, abnormal umbilical artery Doppler wave-
form analysis, or stillbirth) after 20 weeks of gestation.

Data were collected at the end of the study period and
analyzed at Aichi Medical University. Age, height, pre-
pregnancy weight, parity, gestational weeks at delivery, and
baby’s birth weight were also evaluated. Small for gesta-
tional age (SGA) was determined according to Glossary of
Obstetrics and Gynecology, 4th edition [7]. Family history
was essential hypertension and diabetes in father and or
mother and HDP in mother.

The protocol of this study was approved by the Clinical
Research Ethics Committee of Aichi Medical University
and the ethics committees of the participating and coop-
erating institutions. Written, informed consent was obtained
from each patient prior to enrollment.

Statistical analysis

First, we described the means and standard deviations of
background characteristics (age, pre-pregnancy BMI,
gestational age of birth and baby weight) and compared
with normal pregnancy and HDP patients by student r-test.

We described percentage of SGA, family history and
cesarean section and compared with normal pregnancy and
HDP patients by Fisher’s extract test.

Second, we described the means and standard deviations
of HBPs in the morning and at night per week. Then, the
comparisons between the lowest HBP which might be
measured during 2nd trimester and other weeks were con-
ducted by using Turkey-Kramer HSD because, usually, the

BPs among population were normally distributed in each
period during pregnancy and was used to adjust the effect of
multiple comparisons.

Next, we used the difference in diastolic HBP and CBP
to examine the white coat effect during pregnancy. The
definition of the difference was determined by the formula
as follows: 8BP at each week = CBP-HBP. Then, the means
and standard deviations of CBP at each week were calcu-
lated. The mean dBP at xx to yy weeks was compared with
the mean at XX to YY weeks by Student’s z-test.

Polynomial formulae of HBP in the morning for mean,
mean +1 SD, mean 42 SD, and mean +3 SD were expressed
by KaleidaGraph ver 3.01 (Synergy Software, Reading, PA).

The mean systolic and diastolic BP formulas were used
to determine which gestational week BP values were equal
to the BP values after 4 weeks postpartum, which is con-
sidered the standard BP for non-pregnant women.

At the determined gestational weeks, we determined what
BP formula was optimal to indicate more than135 mmHg in
systolic and 85 mmHg in diastolic, the current HBPM
reference values for hypertension in non-pregnant women.

Finally, the differences in BP between HDP and normal
pregnancy were examined by Student’s #-test if equal var-
iances and by Welch’s #—test if not equal variances.

P values of <0.05 were considered statistically sig-
nificant. All statistical analyses were performed using
JMP13 (SAS Institute Inc., Cary, NC).

The polynomial representation of BP was analyzed using
KaleidaGraph.

Results

Of the 268 pregnant women, 218 were included in the
analysis. There were 50 dropouts included 26 withdrawals
of consent, 10 BPMs were no longer, 8 with insufficient
number of BPMs (less than 5 days weekly), one abortion
and 5 untraceable due to transfer hospital.

The background characteristics of the participants were not
different between normal pregnancy and HDP. (Table 1) Fur-
thermore, they were not different between in non-higher tertiary
hospital (n = 80) and in higher tertiary hospital (rn = 138).

Twelve participants developed HDP after 34 weeks of
gestation, including 11 with GH and 1 with PE (Table 1).
The incidence rate of HDP was 5.5%.

There were no differences between normal pregnancy
and HDP patients in all survey items.

Changes in HBP during pregnancy
The mean HBP in the morning and at night per week is
shown in Fig. 1A, B. Systolic HBP was not different

between morning and night.
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Table 1 Background characteristics of the participants

Total Normal HDP
pregnancy

Number (n) 218 206 12
Age (y) 31.8+45 31.6+45 33.9+4.2
Primipara (%) 57 57 56
Prepregnacy BMI (kg/mz) 21428 21.3+x27 22.0+4.5
Gestational age of 273+13 273+13 273+9
birth (days)
Baby weight (g) 2955 +425 2939 +£432 2883 £313
Small for gestational 4 4 8
age (%)
Family history (%) 22 21 30
Cesarean section(%) 18 17 27

HDP hypertensive disorders of pregnancy, 11 gestational hypertension
and one preeclampsia

Family history: Essential hypertension and diabetes in father and or
mother and HDP in mother

Small for gestational age was determined according to Glossary of
Obstetrics and Gynecology, 4th edition

From 16 to 21 weeks of gestation, morning systolic HBP
was around 100 mmHg (lowest BP). After 21 weeks of
gestation, it increased and was above 108 mmHg at
35 weeks of gestation. Immediately after delivery, it rose
sharply. It decreased and remained appropriate at
108 mmHg by the fourth postpartum week. This is con-
sidered to represent non-pregnant levels of systolic HBP.
Systolic HBP in non-pregnant women was equal to that at
35 weeks of gestation (Fig. 1C).

Diastolic HBP was also not different between morning
and night. Diastolic HBP at 12 weeks of pregnancy was
around 60 mmHg, but it decreased thereafter, reaching its
lowest level at 20 weeks of gestation. It was elevated after
29 weeks of gestation and reached more than 70 mmHg at
term (71 mmHg at 38 weeks of gestation). Immediately
after delivery, it rose sharply. It decreased and remained
appropriate at 71 mmHg by the fourth postpartum week.
This is considered to possibly represent non-pregnant levels
of diastolic HBP. Diastolic HBP in non-pregnant women
was also equal to that at 38 weeks of gestation (Fig. 1C).

White coat effect

CBP was measured in outpatients using an automatic
sphygmomanometer (HEM-8712). The difference in systole
between CBP and HBP in the morning (8BPs= CBPs
-HBPs) increased by 10% from 12 to 19 weeks, gradually
decreased with gestational week, and decreased significantly
at 34 to 36 weeks (4.5+9.0mmHg at 34 weeks, p <0.05)
compared with at 12 to 23 weeks (10.2 +9.2 mmHg at 12 to
15 weeks, p <0.05).
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On the other hand, diastolic 6BP was slightly increased
by 2.5% from 12 to 33 weeks of gestation, and by 1-2%
after 34 weeks of gestation. However, there was no sig-
nificant difference (Fig. 2).

Determination of hypertension criteria during
pregnancy by HBPM

Polynomial formulae of HBP in the morning for mean,
mean +1 SD, mean +2 SD, and mean +3 SD were expres-
sed by Kaleida Graphs (Fig. 3A, B).

For systolic BP, the polynomial formulae were
y = 118-2.30x + 0.0874x°-0.000919x*> (> =0.916) for
the mean, y = 133-2.82x 4 0.106x’-0.00110x> (> = 0.853)
for the mean + 1SD, y = 147-3.35x + 0.124x%-0.00129x>
(1r2 =0.751) for the mean +2SD, and y=161-3.87x +
0.142x%-0.00147x> (> = 0.658) for the mean +3 SD.

The mean systolic HBP at 35 weeks gestation was
108 mmHg, estimated to be the mean standard value for
non-pregnant women (Fig. 1C). The polynomial formulae
of mean+3 SD was considered optimal at 35 weeks gesta-
tion, showing 135 mmHg, the current standard value for
non-pregnant HBP by HBPM (Fig. 3A).

The hypertensive borderline of diastolic BP at every
gestational week is shown in Table 2.

For diastolic HBP, the polynomial formulaec were
y = 84 — 2.47x 4 0.0882x°-0.000881x> (r* = 0.875) for the
mean, y = 107-3.45x + 0.122x°-0.00122x> (1> = 0.784) for
the mean +2 SD, and y = 119-3.95x + 0.140x%-0.00140x>
(r* = 0.684) for the mean +3 SD.

The mean diastolic HBP at 38 weeks gestation is
72 mmHg, which was estimated to be the mean standard for
non-pregnant women (Fig. 1C). The diastolic HBP at
38 weeks gestation was 85 mmHg, which is the current
standard for non-pregnant hypertension by HBPM, so a
polynomial formula of mean+2 SD was considered optimal
(Fig. 3B).

The determined hypertensive boundaries of BP in both
systolic and diastolic for each gestational week determined
are shown in Fig. 3C.

Characteristic changes in BP before the onset of
HDP

The morning systolic and diastolic HBPs for each week of
pregnancy for the 12 women who developed HDP are
shown in Fig. 4A, B.

The HBP of women who would develop HDP
remained at the bottom between 15 and 24 weeks of
gestation and increased after 25 weeks of gestation, as in
normal pregnant women, but it was higher than that of
normal pregnant women at almost all gestational periods
(Fig. 4C, D).
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Fig. 1 HBP in every week during pregnancy. HBPM showing average
daily BP data for every day in the morning (A) and at night (B). Data
are expressed as means + SD, p < 0.05 by Turky-Krammer HSD test, a:
vs. each week at 35-39 gestational week (gw) and at 0—4 postpartum
week (pw), b vs. each week at 34-39 gw and at 04 pw, c: vs. each
week at 36-39 gw and at 0—4 pw, d: vs each week at 37-39 gw and at
0—4 pw, e: vs. each week at postpartum 0-2 pw, f: vs. each week at 0-1
pw. C The estimated HBP line in non-pregnant women using HBPM

The mean systolic and diastolic HBPs of women with
HDP were higher than those of normal pregnant women
from early pregnancy to 5 weeks postpartum.

In addition, the lowest BP of women with HDP was
higher than that of normal pregnant women (systolic: HDP
101.8 £ 10.0 mmHg, normal pregnancy 95.4 +7.9 mmHg;
diastolicc: HDP 63.9+9.1 mmHg, normal pregnancy
59.7£5.7 mmHg) (Table 2).

In the sub-analysis of HBP change on HDP, individual
variability was evaluated by the coefficient of variation

weeks

in the morning. The bottom of HBP is appropriate at 100 mmHg in
systole and 63 mmHg in diastole at 17 to 21 weeks of gestation. The
non-pregnant level of HBP is considered after 4 weeks postpartum.
The mean systolic HBP at 35 weeks gestation was 108 mmHg, and
estimated to be the mean standard value for non-pregnant women. The
mean diastolic HBP at 38 weeks gestation is 72 mmHg, which was
estimated to be the mean standard for non-pregnant women

(CV). The percent (%) CV was calculated as mean/standard
deviation (SD). Furthermore, the 8CV, a novel indicator of
individual variation, was calculated as follows: 1. the lowest
HBP at 16-19 gestational weeks for each woman was
determined; 2. 8BP = (HBP in each week of pregnancy
16-27) — lowest HBP; 3. the mean and standard deviation
(SD) were calculated using the absolute value of dBP; and
4. CV of 8BP (6CV) = SD/d mean value of BP.

First, the %CV of HBP in women who developed HDP
(both systolic and diastolic) was equal to that of normal

SPRINGER NATURE
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Fig. 3 Determination of the hypertensive cut-off in HBP.

A Optimizing the polynomial of systolic HBP that induces the
hypertensive boundary value by HBPM. By the polynomial equation
of mean +3 SD, systolic HBP at 35 weeks gestation equal to non-
pregnant was 135 mmHg, the current reference value for non-pregnant
hypertension of HBPM. Polynomial of mean +3 SD was considered
optimal. B Optimization of polynomial of diastolic HBP that induces
the hypertensive boundary value by HBPM. By polynomial of

pregnancy at 1619 gestational weeks, 20-23 gestational
weeks, and 24-27 gestational weeks. On the other hand,
women who developed HDP at 16-19 and 20-23 weeks of
gestation had lower systolic 53CV (HDP 2.25 +3.21, normal
pregnancy 3.50+7.49 at 16-19 gestational weeks; HDP

SPRINGER NATURE

mean +2 SD, diastolic HBP at 38 weeks gestation equal to non-
pregnant was 85 mmHg, the current standard for non-pregnant
hypertension by HBPM. Thus, polynomial of mean +2 SD was con-
sidered optimal. C Hypertensive borderline BP values at each gesta-
tional week. The cut-off values for hypertension at each gestational
week could be gained by the polynomial equation mean +3 SD for
systolic and mean +2 SD for diastolic

2.19+£3.71, normal pregnancy 3.10+7.10). Patients who
developed HDP at 16-19, 20-23 and 24-27 gestational
weeks had lower diastolic SCV (HDP 1.36 +2.96, normal
pregnancy 3.66+8.87 at 16-19 gestational weeks; HDP
1.56 £2.57, normal pregnancy 3.50+6.64 at 20-23
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Table 2 Differences in the HNP changes between normal pregnancy
and HDP

Normal HDP
n =206 n=12
Systolic BP (mmHg)
Mean BP
16-19w 98.5+8.0 104.4+11.3 *
20-23w 98.5+8.2 106.1 +10.4 *
24-27w 99.1+7.8 108.2+10.0 *
Minimum BP 954+79 101.8 £ 10.7 *
9%CV
16-19 weeks 4.1+4.4 4.0+2.0
20-23 weeks 37+1.8 36+1.6
24-27 weeks 4.0+£4.0 41+£1.9
dCV
16-19 weeks 3.50+7.49 225+3.21 *
20-23 weeks 3.10+7.10 2.19+£3.71 *
24-27 weeks 2.67+7.36 2.55+£5.24
Diastolic BP (mmHg)
Mean BP
16-19 weeks 62.3+5.7 67.8+8.5 *
20-23 weeks 61.8+59 68.2+8.1 *
24-27 weeks 62.1+52 71.1+£8.6 *
Minimum BP 59.7+5.7 63.9+09.1 *
%CV
16-19 weeks 53+5.1 5.0+2.8
20-23 weeks 50+24 46+29
24-27 weeks 6.1+7.7 5.8+4.6
SCV
16-19 weeks 3.66 +8.87 1.36 £2.96 *
20-23 weeks 3.50+6.64 1.56 £2.57 *
24-27 weeks 2.44+2.90 0.86 £0.77 *

*P <0.05 vs normal pregnancy

gestational weeks; HDP 0.86+0.77, normal pregnancy
2.44 +2.90 at 24-27 gestational weeks (Table 2).

Discussion

This multicenter study of HBPM of Japanese pregnant
women targeted pregnant women belonging to the non-high
risk HDP group.

We took care of selecting the low risk pregnant women
by excluding women complicated with essential hyperten-
sion, diabetes mellitus, gestational diabetes, thyroid dys-
function, renal dysfunction, and psychiatric disorders.
Furthermore, we invited participants from general practi-
tioners and non-higher tertiary hospital. Of 218 participants
analyzed, 57 were at general practitioners and 14 were at
non- higher tertiary hospitals. Thus, we are confident that

the participants were ‘“non-high risk” groups of HDP
because we were able to take into account the decrease in
bias in this study.

In this study, the incidence of HDP was 5.5% (12/218),
while its preeclampsia was 0.5%.

The incidence of HDP in the Japan Society of Obstetrics
and Gynecology perinatal registry database (JSOG data-
base) in 2015 [8] was 4.1% and about half of them were
preeclampsia.

The usual incidence of HDP is estimated to be about
10% incidence. The JSOG database is from higher tertiary
institutions, which often pick up severe HDP, but not non-
severe HDP, which may explain the lower incidence rate.
On the other hand, this study was conducted at a facility
affiliated with JSSHP, and therefore, it is likely that the
number of non-severe GH cases was well represented in the
data. Based on those results, the HDP incidence rate is
lower in JSOG database, and this study well reflects non-
severe HDP, resulting in similar numbers.

The JSOG database on preeclampsia was collected from
higher tertiary institutions, and therefore, early-onset pre-
eclampsia was well represented in the data. In this study, we
excluded chronic hypertension and complicated pregnan-
cies, and included participants from non-higher tertiary
institutions to include as many non-high risk pregnant
women. As a result, the incidence of preeclampsia was low,
with only one case (0.5%) of late-onset, non-severe pre-
eclampsia from a non-higher tertiary institution.

There have been large-scale studies of HBPM in Japa-
nese pregnant women [9—-11].

Pregnant women’s HBP was lowest in both systole and
diastole between 17 and 21 weeks of gestation, and CBP
was lowest around 20 weeks. Both BPs increased thereafter,
and by the end of pregnancy, they were similar to pre-
pregnancy levels [12, 13]. HBP was generally lower than
CBP, and the trend of morning and evening HBP was
similar, consistent with previous reports. [10, 11] Systolic
BP was significantly higher in mid-pregnancy than in late
pregnancy. Furthermore, it was not different between
morning and night HBPs.

The criteria for hypertension on HBPM in non-pregnant
women is a systolic BP of 135 mmHg or higher and/or a
diastolic BP of 85 mmHg or higher. However, there is
insufficient evidence to say whether the same criteria should
be applied to HBPM in pregnant women.

Using the correlation between HBP and CBP, Mikami
et al. reported that the borderline for hypertension of
pregnant women in HBP was 121 mmHg systolic and
82 mmHg diastolic in the first trimester, 124 mmHg systolic
and 85 mmHg diastolic in the first half of the second tri-
mester, 126 mmHg systolic and 85 mmHg diastolic in the
second half of the second trimester, and 135 mmHg systolic
and 89 mmHg diastolic in the third trimester [11].
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Fig. 4 HBPs in the morning in 12 women who developed HDP. The
line graph shows systolic (A) and diastolic (B) HBPs in every HDP
woman. The average HBP, systolic (C) and diastolic (D), of HDP

If we focus on 135/85 mmHg, which is the criterion for
hypertension in HBPM in non-pregnant women, we can
analyze the results of Fig. 3 and find that the mean+3 SD
for systolic HBP and the mean+2 SD for diastolic HBP are
appropriate, since 135/85 mmHg is reached in late preg-
nancy. In non-pregnant women, hypertension is defined as a
CBP of 140/90 mmHg or higher, whereas for HBP it is 135/
85 mmHg or higher. Similarly in late pregnancy, an HBP of
135/85 mmHg or higher might be sufficient for a diagnosis
of HDP.

Using the polynomial equation of the mean +3 SD for
systolic HBP and the mean +2 SD for diastolic HBP, the
hypertension cut-off for each week could be determined for
the hypertension criteria for HDP in HBPM during preg-
nancy. Therefore, the threshold of hypertension diagnosis
was calculated for systolic HBP to be 129 mmHg at
15 weeks of pregnancy, 128 mmHg at 20 weeks of preg-
nancy, 129mmHg at 25 weeks of pregnancy, and
132 mmHg at 30 weeks of pregnancy. The threshold of
hypertension diagnosis for diastolic HBP was calculated to
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be 79mmHg at 15 weeks of gestation, 78 mmHg at
20 weeks of gestation, 78 mmHg at 25 weeks of gestation,
and 81 mmHg at 30 weeks of pregnancy. In that case, the
reference value for hypertension would be less than 135/
85 mmHg in non-pregnant women due to gestational
changes.

These results suggest that although the diagnostic cri-
terion for HDP has been a BP of 140/90 mmHg or higher at
all stages of pregnancy, it may be necessary to set the
reference BP according to the stage of pregnancy.

However, in order to determine the standard for hyper-
tension in pregnant women, it is necessary to consider the
perinatal outcome of each pregnant woman.

In pregnant women, increased systolic BP in the clinic
due to the white coat phenomenon decreased significantly in
late pregnancy. These changes are consistent with the
commonly reported changes in WCH. This change is most
likely due to familiarity with the clinic. On the other hand, it
has been demonstrated that pregnant women with WCH are
more likely to develop HDP than those without WCH [14],
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but the relationship between the white coat phenomenon
and the development of HDP was not clear, because the
number of cases of HDP in the present study was small.

As shown in Fig. 4, pregnant women with HDP showed
the same HBP variation during the course of pregnancy as
normal pregnant women. However, both systolic and dia-
stolic HBPs were higher from the beginning of pregnancy
than in normal subjects. These results suggest that HBP in
early pregnancy may be able to predict the onset of HDP
after 20 weeks of pregnancy. Compared to normal pregnant
women at around 20 weeks of gestation, the HBPs of
women who would develop HDP were all significantly
higher, and the BPs of women who would develop HDP did
not exceed the threshold of hypertension diagnosis. How-
ever, these differences are so small that it would be difficult
to predict hypertension.

Measuring BP variability is useful to evaluate cardio-
vascular disease. Several studies found that the increases in
office [15—-17], ambulatory [17-21], and home [22-25] BP
variability were correlated with adverse cardiovascular
outcomes independent of the BP level. Although the first
studies that showed the potential dangers of high BP
variability used office and ambulatory BP measurements to
quantify BP variability, HNPM could offer a more widely
available and feasible option for assessing BP variability.

HBP variability has been assessed with different indices,
such as SD, coefficient of variation (CV), and variation
independent of the mean (VIM). SD is the simplest statistical
measure for describing variation, but it is problematic, because
it is highly dependent on the individual’s BP level. CV is
derived from the SD by dividing it by the mean. Conse-
quently, CV is less affected by the BP level and is therefore
considered an appropriate index in BP variability studies [26].

HBP variability using CV therefore might be a stronger
indicator as a risk factor for cardiovascular disease in nearly
all populations [24]; however, in the present study, there
was no difference in CV between the HDP-onset group and
the normal pregnancy group.

Therefore, we wondered why there was no difference in
CV in this study. It is known that CV is strongly dependent
on the mean value. Rothwell et al. [15, 27] therefore pro-
posed BP variability independent of the mean (VIM), which
might be a better predictor of cardiovascular outcomes over
and beyond the BP level.

VIM is a transformation of SD that is defined to be not
correlated with mean BP [15]. VIM is calculated as the SD
divided by the mean to the power x and multiplied by the
population mean to the power x. The power x is obtained by
fitting a curve through a plot of SD against the mean using
the model SD=a x mean x, where x was derived by
nonlinear regression analysis.

In the present study, the diurnal variation of HBP was
evaluated using OCV as a novel index independent of the

mean value. Since SCV is determined by the difference
between the lowest HBP (bottom value of HBP during
pregnancy) of each individual from 12 to 25 weeks of
gestation and the difference at each week (3BP =HBP -
lowest HBP), using OBP reduces the effect of the
mean on CV.

The systolic and diastolic 6CVs at 16-23 weeks of
gestation were significantly lower in women with HDP than
in normal pregnancies. This suggests that the SCV in early
pregnancy may be useful for predicting HDP.

BP variability is regulated by the baroreflex. When BP
rises, the sympathetic nervous system is inhibited, and
conversely, the parasympathetic nervous system is stimu-
lated, which decreases vascular resistance and heart rate,
resulting in an immediate decrease in BP, and vice versa
when BP decreases [28]. The baroreceptor reflex serves as a
“buffering” mechanism to control sudden fluctuations in
BP, and BP variability has been reported to be increased in
patients with hypertension and CHD due to abnormalities in
the baroreflex, by office BP [17], ambulatory BP [18], and
home BP [24, 25].

This is the first report to examine the day-by-day varia-
tion of BP in women who developed HDP using HBP.
Initially, we expected that the variability of HBP would be
smaller in pregnant women who develop HDP than in
normotensive women. However, the present study showed
that, on the contrary, 8CV was lower in pregnant women
who developed HDP than in normotensive women.

There might be a few reasons, as follows:

1. Pregnancy is associated with a marked decrease in
peripheral vascular resistance due to activation of
endothelial-derived relaxing factors, especially nitric
oxide (NO) [29, 30]. One possible mechanism by
which the baroreflex, which modulates vascular
constriction, is suppressed during pregnancy [31-34]
is through increased NO [30, 35, 36]. Indirect evidence
in support of this possibility is that NO reduces the
baroreflex systemically [37] or centrally [38] and
improves the baroreflex by blocking NO synthase
(NOS). Thus, BP variability might be increased due to
baroreflex reduction by NO during pregnancy.

HDP, especially preeclampsia, was found to have
reduced production of [39] or responsiveness [40] to
NO. There might be decreased BP variability by a
suppressed baroreflex due to NO dysfunction in women
who develop HDP.

2. In this study, most of the women who developed HDP
were classified as GH (one preeclampsia and 11 GH).
Since most of the studies conducted so far on HDP and
BP have been on baroreflex and autonomic nervous
system (ANS) involvement in preeclampsia, this may
have led to different results from the present study [41].
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There is no report of BP variability in HBPM for GH. BP
variability is associated with a higher incidence of CVD
when it is large [25, 26]. GH was defined as hypertension
without proteinuria, maternal organ failure, stroke, neurolo-
gical complications, hematological complications, or uter-
oplacental insufficiency. If GH developed organ damage, it is
classified with preeclampsia. Thus, we expected BP varia-
bility to be less variable in GH than in preeclampsia.

However, since this study was conducted in a non-high
risk group, we could not examine BP variability of pre-
eclampsia, especially late-onset preeclampsia, because it
was not observed. Further comparative studies between GH
and preeclampsia are needed.

GH has a high rate of postpartum conversion to chronic
hypertension, suggesting the presence of some organ
damage. We had assumed that BP variability would
increase due to organ damage compared to normal pregnant
women, although not as much as in preeclampsia at least.
However, the results were the opposite, BP variability was
more decreased in GH. It is known that in pregnancy, the
sympathetic nervous system is suppressed by estrogen and
other factors [42], and BP variability is increased. The
changes in BP variability during pregnancy are not simple.
Further study should be investigated in GH.

In one large cross-sectional study comparing the increase
in heart rate variability, BP variability, and the baroreflex in
HDP classified as PE or GH showed that, although there
was a significant increase in BP variability in preeclampsia,
this increase did not lead to a spontaneous increase in the
baroreflex [42] by the sequence method to estimate the
baroreflex. However, Weber et al. also used the same
method, but the results obtained were contradictory [43].
Further examination of the baroreflex and ANS alteration in
HDP, including GH, is needed.

Perspectives in Asia

The criteria for hypertension in HBP in pregnant women
have not been established. A single-center prospective study
in Japan showed that the criteria for hypertension were
lower than those for non-pregnant women and differed
according to the time of pregnancy [11].

In this study, new hypertension criteria by HBPM will be
useful for the management of HDP in Asia, including Japan.
Furthermore, it will be used as one of the representative study
in Asia to develop world-class hypertension criteria for
pregnant women similar to that in non-pregnant women [44].

Conclusions

This multicenter study evaluated HBPM in Japanese preg-
nant women in the non-high risk HDP group. To determine

SPRINGER NATURE

hypertension by HBPM, systolic HBP of approximately
130 mmHg from 15 to 25 weeks of gestation and
135 mmHg from 35 weeks of gestation onward, and dia-
stolic HBP of approximately 80 mmHg from 15 to 25 weeks
of gestation and 85 mmHg from 38 weeks of gestation
onward are considered appropriate. Furthermore, it is
thought that 8CV might be useful for early detection
of HDP.
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