Hypertension Research (2022) 45:1298-1309
https://doi.org/10.1038/541440-022-00965-6

REVIEW ARTICLE
®

Check for
updates

Review Series - Hypertension under specific condition

Hypertensive disorders of pregnancy: definition, management, and
out-of-office blood pressure measurement

Hirohito Metoki'? - Noriyuki Iwama?? - Hirotaka Hamada® - Michihiro Satoh'? - Takahisa Murakami'~ -
Mami Ishikuro? - Taku Obara®*

Received: 18 January 2022 / Revised: 11 May 2022 / Accepted: 27 May 2022 / Published online: 20 June 2022
© The Author(s), under exclusive licence to The Japanese Society of Hypertension 2022

Abstract

Hypertensive disorders of pregnancy increase the risk of adverse maternal and fetal outcomes. In 2018, the Japanese
classification of hypertensive disorders of pregnancy was standardized with those of other countries, and a hypertensive
disorder of pregnancy was considered to be present if hypertension existed during pregnancy and up to 12 weeks after
delivery. Strategies for the prevention of hypertensive disorders of pregnancy have become much clearer, but further
research is needed on appropriate subjects and methods of administration, and these have not been clarified in Japan.
Although guidelines for the use of antihypertensive drugs are also being studied and standardized with those of other
countries, the use of calcium antagonists before 20 weeks of gestation is still contraindicated in Japan because of the
safety concerns that were raised regarding possible fetal anomalies associated with their use at the time of their market
launch. Chronic hypertension is now included in the definition of hypertensive disorders of pregnancy, and blood
pressure measurement is a fundamental component of the diagnosis of hypertensive disorders of pregnancy. Out-of-office
blood pressure measurements, including ambulatory and home blood pressure measurements, are important for pregnant
and nonpregnant women. Although conditions such as white-coat hypertension and masked hypertension have been
reported, determining their occurrence in pregnancy is complicated by the gestational week. This narrative review
focused on recent reports on hypertensive disorders of pregnancy, including those related to blood pressure measurement
and classification.

Keywords Antihypertensive Agents * Blood Pressure * Hypertension * Pregnancy-Induced * Masked Hypertension *
White-Coat Hypertension

Introduction classified in 1982 [1] and then again in 1984 [2]. This
term was widely used until 2005, when it was changed
In Japan, “pregnancy toxemia”, with three main features, to “pregnancy-induced hypertension.” In 2018, the classifi-

“hypertension,” “proteinuria,” and “edema”, was defined and  cation was standardized with those of other countries, and
“hypertensive disorders of pregnancy (HDP)” were con-
sidered to be present if hypertension existed during preg-
nancy and up to 12 weeks after delivery [3]. High blood
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Classification and definition of hypertensive
disorders of pregnancy

HDP are classified into four types: preeclampsia, gestational
hypertension, superimposed preeclampsia, and chronic
hypertension [5]. Preeclampsia is defined as hypertension
after 20 gestational weeks with proteinuria, organ damage,
or uteroplacental dysfunction. Gestational hypertension is
similar to preeclampsia; however, the condition is defined
as hypertension alone after 20 gestational weeks. Based
on the Japan Society for the Study of Hypertension in
Pregnancy (JSSHP), superimposed preeclampsia is defined
as hypertension accompanied by organ damage or protei-
nuria [3, 5].

In normal pregnancy, spiral artery remodeling occurs,
where trophoblastic cells invade the decidua and replace the
endothelial cells and vascular smooth muscle of the decidua

spiral artery. As a result, the maternal blood vessels begin to
perfuse into the interchorionic space, which increases the
partial pressure of oxygen in the placenta and reduces
systemic vascular resistance (Fig. 1A). Angiogenic factors,
vascular endothelial growth factors (VEGFs), and placental
growth factors (PIGFs) affect angiogenesis intracellularly
through the receptor VEGFR-1 (Fig. 1B). Uterine natural
killer (uNK) cells and regulatory T cells are essential
for maintaining pregnancy and inhibiting allogeneic
responses toward the fetus [6, 7]. Decidual uNK cells
control trophoblast invasion by producing interleukin-8 and
interferon-inducible protein-10 chemokines and secrete a
series of angiogenic factors [8]. Early vascular changes
resulting from desquamation, such as intimal vacuolation
and disintegration, and thinning of the tunica media occur
before trophoblastic cells are present near the spiral arteries
of the uterus [9].
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Fig. 1 Schematic diagram of the two-stage theory of preeclampsia.
In normal pregnancy, appropriate EVT invasion into the maternal
endometrium (red arrow) leads to sufficient maternal blood flow
from the spiral artery (A). PIGF, which is secreted from the placenta,
activates VEGF and maintains a healthy endothelium (B). On the
other hand, in preeclamptic pregnancy, incomplete invasion of
the EVT (blue arrow) leads to insufficient maternal blood flow from
the spiral artery and subsequent placental hypoxia (C). sFltl is then
secreted from the placenta, which suppresses VEGF, resulting in
systemic endothelial dysfunction and the appearance of various
clinical symptoms (D). HELLP syn. hemolysis, elevated liver
enzymes, low platelet count syndrome, FGR fetal growth restriction,
NK cells natural killer cells, EVT extravillous trophoblast, PIGF
placental growth factor, sFltl soluble fms-like tyrosine kinase-1,
VEGEF vascular endothelial growth factor

Preeclampsia

Preeclampsia is a complex medical disorder [10]. According
to recent guidelines in Japan [5] and other countries [10-
14], preeclampsia is characterized by hypertension with
maternal acute kidney injury, liver dysfunction, neurologi-
cal features, hemolysis or thrombocytopenia, or fetal growth
restriction. Preeclampsia is thought to originate from the
placenta because of the rapid improvement of clinical
symptoms of preeclampsia after placenta delivery [15],
while retained placenta leads to the development of pre-
eclampsia; the removal of the placenta by intrauterine cur-
ettage results in disappearance of the symptoms [16].
Insufficient angiogenesis and remodeling cause an
incomplete increase in the partial pressure of oxygen in the
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fetal placental circulation (Fig. 1C), resulting in placental
ischemia and damage [17]. Stimulated soluble VEGFR-1
(sFlt-1) production in trophoblast cells inhibits PIGF pro-
duction and soluble endoglin (sEng) production [18]. Inhi-
bition of VEGF and PIGF by sFlt-1 suppresses the invasion
of trophoblastic cells into the shed membrane and damages
vascular endothelial cells (Fig. 1D). By binding and
antagonizing TGF-f, sEng inhibits the invasion of cyto-
trophoblast cells [19]. The transition of these factors
into maternal circulation causes the maternal symptoms of
preeclampsia [20, 21]. Placental abnormalities in early
pregnancy may cause chronic uteroplacental insufficiency,
local ischemia, and the release of inflammatory cytokines,
resulting in earlier maternal hypertension in early-onset
preeclampsia [22-24]. In contrast, late-onset preeclampsia
is more frequently based on placental dysfunction asso-
ciated with chronic oxidative stress due to maternal meta-
bolic abnormalities such as obesity and insulin resistance
[22, 23, 25]. At the same time, there is much overlap
in placental pathology and continuous features in desmo-
plastic vascular lesion pathology among the four HDP
subtypes [26].

Superimposed preeclampsia

Superimposed preeclampsia is defined as chronic hyper-
tension or kidney disease that progresses to preeclampsia
[3]. It should be noted that in countries other than Japan, it
basically refers only to superimposed chronic hypertension
[10-14]. Vascular endothelial dysfunction is reported to
predict the development of superimposed preeclampsia in
chronic hypertension [27]. In preeclampsia following de
novo gestational hypertension, early placental calcification
and weight gain precede preeclampsia [28]. Pregnant
women with IgA nephropathy [29] and chronic kidney
disease [30] had 7.3- and 10.4-fold greater risks of pre-
eclampsia than others, respectively.

Chronic hypertension in pregnancy

Blood pressure during early pregnancy seems important in
pregnancies complicated by hypertension [31, 32]. A sys-
tolic blood pressure <130 mmHg within 14-15 weeks of
gestation was reported to reduce the risk of early-onset
superimposed preeclampsia in women with chronic hyper-
tension [33]. As described in a later section on white-coat
hypertension, it is essential to diagnose whether a patient
has sustained or white-coat hypertension. Because chronic
hypertension is a risk factor for perinatal mortality in both
early and late gestation, a planned delivery at 37 to
38 weeks of gestation is reported to be a superior balance of
risk [34].



Hypertensive disorders of pregnancy: definition, management, and out-of-office blood pressure measurement 1301

Prognosis
Maternal outcomes

Regarding the risk of developing cardiovascular diseases
later in life, although there are differences among HDP
subtypes, Veerbeek et al. [35] reported that all types of HDP
seem to be associated with high risks. Gestational hyper-
tension is reported to be associated with a 4.2-fold higher
risk for future chronic hypertension [36] and a greater risk
of cardiovascular disease, coronary heart disease, and heart
failure [37]. Preeclampsia is associated with a fourfold
increased risk of future heart failure and a twofold increased
risk of coronary heart disease, stroke, and death due to
coronary heart or cardiovascular disease [38]. Women with
HDP were reported to have a 6.3-fold higher risk for future
hypertension within 2 years postpartum compared to con-
trols [39] and a 4.9-fold higher risk of chronic kidney dis-
ease in later life [40].

Birth outcomes

Maternal cardiac output in early pregnancy has been asso-
ciated with being small for gestational age (SGA) [41].
Maternal hypertension-related factors were associated with
infant growth via placental factors based on the genome
wide association study summary statistics of BioBank Japan
data and compared with cohort data [42]. The Hokkaido
study showed that women with HDP had 2.1-, 3.5-, and
3.6-fold higher risks of having SGA infants, preterm birth,
and infants with low birth weight than those with normo-
tensive pregnancy [43]. Home [44] and ambulatory [45]
blood pressure measurements have been shown to be more
associated with birth weight than clinic blood pressure;
these are reviewed in subsequent sections. The trajectory of
maternal blood pressure during pregnancy is also an indi-
cator of infant birth weight [46—48].

Long-term outcomes of offspring

According to a meta-analysis of eight studies, HDP were
associated with a 1.2-fold higher risk of asthma in offspring
[49]. In a study, offspring exposed to HDP had a 1.4- and
1.3-fold higher risk for autism spectrum disorders and
attention-deficit hyperactivity disorder, respectively [50].
The Helsinki Birth Cohort Study reported that offspring
exposed to maternal gestational hypertension in utero had
an increased risk of type 2 diabetes in late adulthood after
adjustment for low birth weight or small for gestational age
infants [51].

The results of studies in Japan on the long-term prognosis
of pregnant women with HDP and their children exposed
to HDP are now being reported. The TMM BirThree

Cohort Study reported that women with superimposed pre-
eclampsia had a 1.8-fold increased risk of having children
with autistic behavior at 2 years old compared to normoten-
sive women [52]. The Hokkaido Birth Cohort Study reported
that male children exposed to HDP caught up with their
growth and gained more weight by 7 years of age than male
children who were not exposed to HDP [53]. According to
observations in the Japan Environment and Children’s
Study (JECS), HDP were not a risk factor for offspring
regardless of the sensitivity analyses using possible mediat-
ing factors such as cesarean delivery, birth weight, and
gestational age [54].

When examining the association between HDP and
prognosis, there is no need to adjust for preterm birth and
low birth weight because they are included in HDP out-
comes and are mediators rather than confounders when
considering their impact on the long-term prognosis of
offspring [49, 50, 52, 53]. On the other hand, as mentioned
earlier, several studies have performed sensitivity analyses
considering the role of HDP as mediators [51, 54]. Based on
the results of the ongoing mediator analysis and other stu-
dies, future studies need to examine possible intervention
points for the association between HDP and child outcomes
and develop better intervention methods.

Prediction, prevention, and treatment
Associated factors and prediction

The Fetal Medicine Foundation (FMF) first-trimester pre-
diction model (the FMF triple test) has high detection rates
of 90% and 75% for the prediction of early and preterm
preeclampsia, respectively, with a 10% false-positive rate
[55]. This FMF triple test consists of a combination of
maternal factors and measurements of mean arterial pres-
sure, the uterine artery pulsatility index, and serum placental
growth factor. An Asia-wide study using an algorithm
developed by the FMF in Asian people confirmed the
validity of the FMF triple test with a detection rate of 64%
for the prediction of preterm preeclampsia with a 10% false-
positive rate [56].

In addition to the FMF triple test, several predictors have
been reported in individual studies, and those presented in
this study are listed in Table 1.

The JECS is a cohort study that started in 2011 to
investigate the relationship between environmental expo-
sure and child health. Several studies on HDP have been
conducted with the JECS cohort. Higher levels of HbAlc at
a nondiabetic level [57], both lower and higher Na intake
before pregnancy [58], elevated serum IgE levels during the
first trimester [59], higher caffeine intake [60], working
a schedule of 236h per week with night shifts [61],
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Table 1 Examples of reported predictors of HDP

Predictors Reference

Unmodifiable

Pregnancy with in vitro fertilization and embryo 1t [64]

transfer
Twin pregnancy T [69, 70]

Laboratory measurements that can be changed by lifestyle and other
factors.

HbAlc in early pregnancy Tt [57]
Lower sodium intake before pregnancy T [58]
Higher sodium intake before pregnancy T [58]
Other laboratory measurements
Elevated IgE Level during the first trimester T [99]
Lifestyle and preferences
Higher caffeine intake 1T [60]
Higher coffee intake 1 [60]
Working >36 h per week with night shifts T [61]
Smoking 1T [62]
Alcohol consumption 1T [63]
Calcium intake (in Japan) — [65]
Low sleep quality 1t [67]
High-altitude residence T [71, 72]

HDP hypertensive disorders of pregnancy

smoking [62], alcohol consumption [63], and becoming
pregnant with in vitro fertilization and embryo transfer [64]
were associated with the risk of hypertensive disorders of
pregnancy. Moreover, coffee intake was associated with a
decreased risk of HDP [60]. Although this is a large cohort
study, some studies reported that no association between the
exposures and outcomes can be found, such as calcium
intake and HDP among primiparas [65]. The JECS involves
a novel approach to adjunct studies. The peak areas of
N-dimethylglycine and S-methylcysteine were significantly
higher in the first-trimester serum of patients with early-
onset HDP than in controls [66].

Sleep quality in early pregnancy may help predict ele-
vated systolic blood pressure in the first trimester [67], and
overnight oxygen saturation screening ~1 month before the
due date may be useful in predicting late-onset gestational
hypertension [68]. Unmodifiable factors include twin
pregnancy [69, 70] and residing in a high-altitude area
(>2500m) [71, 72]. Blood pressure is known to be elevated
in twin pregnancy [69], regardless of whether the pregnancy
is a dichorionic or monochorionic diamniotic twin preg-
nancy [70]; therefore, pregnant women with unmodifiable
factors should be followed up as high-risk pregnancies.

Several efforts to perform comprehensive metabolomic
analysis in samples of pregnant women have been reported,
such as the C-MATCH [73] and HELIX studies [74]. The
metabolite profiles of women who developed HDP were
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comparable to those of women with normal pregnancies
with longer gestation in the Maternity Log study, which is
an adjunct to the BirThree cohort study [75].

Prevention

Aspirin administration has been described in various
guidelines as effective in preventing the onset of pre-
eclampsia. The ASPRE study showed that aspirin treatment
for pregnant women at high risk for preeclampsia reduced
the incidence of preeclampsia to 0.38 [76]. The NICE [11],
ACOG [12], USPSTF [77], SOGC [13], SOMANZ [14],
and ISSHP [10] guidelines state that aspirin should be
administered to high-risk pregnant women. However, the
Japanese guidelines from the JSSHP that were issued in
2015 state that aspirin should be given to a limited number
of women [78], while those that were issued in 2021 state
that aspirin should be considered for women with pre-
eclampsia to prevent recurrence in subsequent pregnancy
[5]. In Asian women, the dose-dependent efficacy of low-
dose aspirin [79] and its efficacy in women with blood
pressure of 130-139/80-89 mmHg, which is included in the
American College of Cardiology/American Heart Associa-
tion definition of Stage 1 hypertension or mild hypertension
[80], have also been reported. However, a study reported
that aspirin has poor efficacy when started at 12-20 weeks
gestation [81]. The ADA guidelines also strongly recom-
mended aspirin for women with diabetic pregnancies until
2020 [82]; moreover, the recommendations became weaker
in the 2021 edition and later editions [83]. A recent study
reported limited efficacy of aspirin in preventing pre-
eclampsia among women with diabetic pregnancies [84].
Future studies are warranted on eligible subjects and
administration methods.

Treatment

In principle, in Japan, inpatient management is recom-
mended for HDP patients with blood pressure of 160/110
mmHg or higher, antihypertensive treatment should be
given if a patient’s blood pressure is repeatedly found to be
160/110 mmHg or higher, and antihypertensive treatment is
considered if a patient’s blood pressure is 140/90 mmHg or
higher. Furthermore, if a patient has recurrent blood pres-
sure of 160/110 mmHg or higher or has preeclamptic
symptoms, magnesium sulfate should be administered to
prevent eclampsia, and if management at the patient’s own
facility is difficult, referral to a higher-level medical facility
should be considered [5].

There are concerns that antihypertensive treatment dur-
ing pregnancy may increase the risk of placental abruption
and preterm delivery [85]. Data from Scotland showed a
2.3-fold increase in congenital defects with the use of
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antihypertensive drugs [86]. However, untreated hyperten-
sion, not antihypertensive medication, is a risk to the child
[87]. The CHIPS study reported no significant group dif-
ferences in the risk of pregnancy loss, high-level neonatal
care, or overall maternal complications between less-tight
(target office diastolic blood pressure of 100 mmHg) and
tight (target office diastolic blood pressure of 85 mmHg)
control of hypertension in pregnancy [88]. A recent meta-
analysis showed that blood pressure-lowering treatment
significantly prevented not only severe hypertension, pre-
eclampsia, and severe preeclampsia but also placental
abruption and preterm birth, while the risk of SGA was
increased [89].

Currently, Japanese guidelines refer to methyldopa,
hydralazine, and labetalol as oral antihypertensive drugs
that can be used during pregnancy, while nifedipine can
only be used after 20 weeks of pregnancy [5]. Guidelines
for the use of different antihypertensive drugs have not been
developed. There is a possibility of improved maternal
prognosis with physiological nomogram-guided care and
tailored pharmacological intervention [90]. In Japan, the use
of calcium antagonists in early pregnancy is still not
approved on the package label, and deviation from the
guidelines is a concern [91]. However, in Japan, the most
frequently prescribed oral antihypertensive drug during
pregnancy is nifedipine, followed by methyldopa, hydrala-
zine, and furosemide [92]. It has been reported that the risk
of birth defects due to amlodipine use in the first trimester
was not significantly different compared to the risk of the
use of other antihypertensives in a case—control study in
Japan [93]; more extensive observation is urgently needed.

Similar concerns have been raised regarding long-term
prognosis. A comparison of the long-term prognosis of
infants between treatment groups in a historical cohort study
also reported the possibility of attention-deficit hyper-
activity disorder and sleep disorders in infants whose
mothers received drug interventions for gestational hyper-
tension [94]. On the other hand, studies examining the
effects of antihypertensive medications may not have
examined baseline blood pressure levels [86], or baseline
blood pressure levels may be obviously different [94];
hence, the risk of antihypertensive medication use must be
carefully assessed. Such concerns are expected to be clar-
ified by national-scale cohort studies.

Blood pressure measurement during
pregnancy

There are several debates regarding how blood pressure
should be measured during pregnancy [95]. Reports suggest
that blood pressure values in pregnant women with pre-
eclampsia vary depending on the measurement environment

[96]. Hurrell et al. conducted a detailed review of
blood pressure measurements in pregnant women [97]. A
recent meta-analysis also confirmed that both systolic and
diastolic blood pressure decrease by ~4 mmHg in the sec-
ond trimester [98]; the results were very similar to those of a
single cohort study investigating the use of home blood
pressure [99].

Ambulatory blood pressure measurement

Ambulatory blood pressure measurement is valuable for
diagnosing masked or white-coat hypertension (16) and
assessing diurnal variations in blood pressure in pregnant
women [100, 101]. Normal daytime values for ambulatory
blood pressure monitoring in pregnant women have been
reported to be less than 130/77 mmHg at <22 weeks, 133/
81 mmHg at 26-30 weeks, and 135/86 mmHg after
30 weeks [102]. Diurnal variations in blood pressure during
pregnancy have been reported to be nocturnal declines of
12-14%/18-19% in systolic/diastolic blood pressure [100].
It has also been reported that nocturnal declines in blood
pressure are attenuated before gestational hypertension
nephropathy becomes apparent [101]. Among 146 Japanese
pregnant women with suspected HDP, ambulatory blood
pressure monitoring was more strongly associated with
SGA infants, with an odds ratio of 1.74 times for every 10
mmHg increase (95% CI: 1.28-2.38; P =0.001) compared
with office blood pressure measurement (OR: 1.40; 95% CI:
0.92-2.13; P=0.11) [45].

Home blood pressure measurement

Home blood pressure measurement is suitable for detecting
long-term and seasonal variations in blood pressure. In a
2008 statement on home blood pressure measurement, the
American Heart Association noted that “Home blood pressure
measurement is theoretically ideal for monitoring changes in
blood pressure during pregnancy because it is the best tech-
nique for providing multiple readings recorded at the same
time of day over prolonged periods of time.” [103]. Further-
more, a report from the consensus meeting of the European
Council on Hypertension issued around the same time stated
that “Home blood pressure monitoring, although at present not
commonly practiced in this setting, has considerable potential
in improving the management of pregnant women.” [104].
According to the Japanese Society of Hypertension guidelines,
for general (nonpregnant) patients, if the results of office blood
pressure and home blood pressure measurements are different,
the home blood pressure result has priority for treatment [91].
In pregnancy, home blood pressure measurements may be
taken by pregnant women before recommendations are made
by health care providers. Using home blood pressure mon-
itoring, seasonal blood pressure [99] and hemodynamic
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changes are well observed. In a study that simultaneously
included both home and clinic blood pressure levels in early
pregnancy, the adjusted odds ratios for having a baby that was
500 g smaller per standard deviation increase in mean and
diastolic blood pressure were 1.29 (95% CI: 1.04-1.59) and
1.28 (95% CI: 1.04-1.58) for home blood pressure and 1.02
(95% CI: 0.83-1.24) and 1.06 (95% CI: 0.87-1.30) for clinic
blood pressure, respectively, with only home blood pressure
measurements having a significant association [44]. Further-
more, the maternal blood pressure trajectory during pregnancy
was an indicator of infant birth weight [46]. However, no
study has determined whether interventions based on home
blood pressure measurements improve outcomes.

Several values have been proposed as the diagnostic
threshold of home blood pressure based on population
distribution and regression with office blood pressure
values. Using the standard major axis method, the home
blood pressure values reported to be equivalent to a clinical
blood pressure of 140/90 mmHg were 120.8/83.5 mmHg,
126.0/85.2 mmHg, and 136.3/89.3 mmHg in the first, sec-
ond, and third trimesters, respectively [105]. However, no
consensus value has been established [106].

A meta-analysis reported in 2020 summarized nine stu-
dies and noted that the use of home blood pressure mea-
surements in the antenatal period was associated with a
reduced risk of induction of labor, hospitalization before
delivery, and diagnosis of preeclampsia and that the number
of prenatal visits was significantly lower in the home blood
pressure group, but there was no significant difference in the
combined maternal, fetal, or neonatal outcomes compared
to conventional care [107].

Clinical significance of white-coat hypertension

White-coat hypertension is a condition in which a patient
has high blood pressure in the office but normal blood
pressure outside the office. Generally, 24-h ambulatory
blood pressure monitoring or home blood pressure mon-
itoring may be used to identify white-coat hypertension.
Ishikuro et al. reported that among pregnant women who
were normotensive, the white-coat effect during pregnancy
was 4.1/3.8, 3.4/1.6, and 1.8/2.4 mmHg in early, mid-, and
late pregnancy, respectively [108]. When the factors
affecting the white-coat effect were examined in the same
population, no significant differences were found for body
mass in sex, age, or family history of hypertension. How-
ever, the effect was significantly greater in primiparas than
in multiparas in early pregnancy for systolic blood pressure
and in late pregnancy for diastolic blood pressure [109]. A
meta-analysis of 16 studies on the white-coat effect showed
that office blood pressure measurements were 4/3 (3—6/
2-4) mmHg higher than home blood pressure measurements
[106]. White-coat hypertension is prevalent in women with
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preexisting diabetes and may indicate an increased risk of
developing pregnancy-induced hypertensive disorders later
in life [110].

Based on ambulatory blood pressure monitoring in
early pregnancy, it has been reported that 22% of pregnant
women have sustained hypertension, and 8% of those with
white-coat hypertension develop preeclampsia; thus,
white-coat hypertension in pregnancy may have a rela-
tively good prognosis [102]. It is essential to recognize
that hypertension in the office may not necessarily require
antihypertensive treatment if the blood pressure outside
the office is normal. However, 42% of pregnant women
with white-coat hypertension in early pregnancy showed
hypertension both in the office and out of the office until
delivery [102]; therefore, careful follow-up is necessary in
such cases.

Clinical significance of masked hypertension

There are few studies on masked hypertension in pregnant
women. Salazar et al. reported that masked hypertension is
a prevalent and high-risk condition. An office blood pres-
sure of >125/75 mmHg in the second half of gestation
seems appropriate for indicating out-of-office measurements
in women with high-risk pregnancies [111]. Pregnant
women with masked hypertension had a 7.8 times higher
risk of preeclampsia than those who were normotensive
[112]. Unlike white-coat hypertension, masked hyperten-
sion cannot be detected unless all pregnant women who are
at risk receive out-of-office blood pressure measurements.
Therefore, further study is needed to determine which
women should undergo blood pressure measurement out-
side the office.

Present blood pressure monitoring situations in
clinical practice

According to a survey reported in 2021, 89.3% of obste-
tricians took blood pressure measurements in an outpatient
setting only once per occasion if a woman’s blood pressure
was normal. However, if the pregnant women had hyper-
tension, 54.8% took a second measurement, and 40.3%
repeated blood pressure measurements until a stable reading
was obtained [113]. Furthermore, 62.8% of the obstetricians
recorded the lowest value when they measured blood
pressure twice, and 69.0% of the physicians recorded the
last measurement when the blood pressure was measured
until it stabilized [113]. Therefore, when conducting
research based on databases, researchers need to recognize
some variation in the measurements recorded on each
measurement occasion. On the other hand, blood pressure
measurements for research purposes at a venue different
from that of the antenatal checkup was reported to be
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equivalent to home blood pressure measurements and sig-
nificantly lower than those at antenatal checkups, and the
possibility of a stressful environment during the antenatal
checkup causing an increase in blood pressure should be
considered [114].

A survey of family medicine and obstetrics/gynecology
physicians providing prenatal care at a tertiary obstetrics
hospital in Canada found that obstetricians were more likely
to use home blood pressure monitoring. In contrast, family
physicians were more likely to use 24 h ambulatory blood
pressure monitoring as a diagnostic aid. While obstetricians
were more likely than family physicians to use effective
home blood pressure monitoring during pregnancy and
monitor hypertension with home blood pressure monitoring,
family physicians were significantly more likely than
obstetricians to target “tight” blood pressure control [115].

In a survey of 128 patients conducted in the United
States, postpartum women perceived a telehealth technol-
ogy remote intervention as a safe and easy-to-use method,
with an acceptable burden of care and an overall satisfactory
method of monitoring blood pressure in the postpartum
period [116]. A survey conducted in Belgium reported that
80% of midwives and 67% of obstetricians who used
remote blood pressure monitoring in pregnancy perceived
digital technologies as an important component of prenatal
monitoring [117]. The results of an online survey of
obstetricians in the United Kingdom showed that the per-
centage of obstetricians who thought that home blood
pressure measurements and urinalysis were helpful indica-
tors of clinical diagnosis rose from 88% before the COVID-
19 pandemic to 96% after the pandemic. In addition, 47% of
the obstetricians agreed that pregnant women would change
their predetermined medications based on their measured
blood pressure levels [118].

Novel attempt at blood pressure telemonitoring

In 2008, the transmission of home blood pressure measure-
ments was discussed [119], but the explorations of remote
monitoring are rapidly progressing during the COVID-19
pandemic. A study examined current practices and attitudes
concerning home-based blood pressure and cardiotocography
monitoring and telemonitoring in high-risk pregnancies
requiring maternal and fetal monitoring and reported that
home-based monitoring and telemonitoring were offered in
26% and 23% of hospitals, respectively, in the Netherlands
[120]. In a retrospective comparison, the digital platform
among high-risk pregnancies significantly reduced prenatal
visits, ultrasounds, and hypertension-related hospitalizations
compared to usual care without self-monitoring.

As mentioned earlier, the Maternity Log study [75]
attempted to collect life logs, including home blood pres-
sure measurements. There have been text-based attempts at

blood pressure management in the postpartum period [121].
A study attempted to use a smartphone application to
monitor home blood pressure in Belgium [122]. A pro-
spective, randomized, controlled trial, called BP-PRESELF,
using home blood pressure measurements is ongoing to
assess whether home blood pressure monitoring in women
with a history of preeclampsia/HELLP syndrome during
pregnancy is a valuable tool for the early detection of
chronic hypertension [123].

Conclusion

Blood pressure measurement during pregnancy is crucial in
diagnosing HDP. The precise measurement and evaluation
of blood pressure, including its variability, will continue to
play an essential role in determining the prognosis and
elucidating the pathogenesis of HDP.
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