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Abstract

Hypertensive disorders of pregnancy (HDP) pose substantial risks to both maternal and fetal health, thereby highlighting the need for
precise and comprehensive blood pressure (BP) monitoring methods. Ambulatory blood pressure monitoring (ABPM) offers advantages
over traditional office BP measurements by enabling continuous 24-hour assessment, thus capturing circadian BP variations, including
nocturnal and morning hypertension, which are often missed when BP is measured in a medical office. This capacity for detailed
monitoring allows ABPM to identify specific BP phenotypes, such as normotension, white-coat hypertension, masked hypertension,
and sustained hypertension. Each of these phenotypes has unique implications for risk stratification, which helps to identify high-risk
pregnancies early and potentially improve outcomes through more targeted interventions. Despite these advantages, three key challenges
have limited the widespread adoption of ABPM during pregnancy. First, the complex dynamics in BP variations throughout gestation are
influenced by physiological adaptations, such as uterine artery remodeling, which lowers BP before 20 weeks and increases mean arterial
pressure after 20 weeks to support fetal growth. Second, adaptive changes in the maternal arterial system alter vascular mechanical
properties, complicating accurate BP assessments. Third, diagnostic thresholds specific to pregnancy that are directly linked to adverse
pregnancy outcomes are lacking. Therefore, this review addresses the role of ABPM in managing HDP, examining BP dynamics and
the suitability of monitoring devices, and ongoing efforts to develop diagnostic thresholds tailored to pregnancy. By exploring these
aspects, this review underscores the importance of ABPM in advancing more precise, effective strategies for HDP management and
multidisciplinary management programs for pregnant women to enhance clinical decision-making and maternal—fetal outcomes.
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1. Introduction offers a more comprehensive approach to BP monitoring
than does OBP and demonstrates superior predictive and
prognostic value for hypertension, cardiovascular disease,
and mortality in nonpregnant populations [6,7]. Other than
OBP, four BP phenotypes can be identified, namely, nor-
motension, white-coat hypertension (WCH), masked hy-
pertension (MH) and sustained hypertension, which allows
for better risk stratification. Another key advantage of
ABPM is its ability to monitor BP continuously over a 24-
hour period, which enables the detection of circadian pat-
terns, including nocturnal and morning hypertension. Pre-
vious reviews [8,9] have extensively described the diagnos-
tic accuracy, thresholds, prognostic values and BP pheno-
types based on ABPM in nonpregnant populations, which
underscores its valuable role as a complement to OBP mea-
surement.

As a leading cause of maternal morbidity and mortal-
ity worldwide, hypertensive disorders of pregnancy (HDP)
affect 5-10% of pregnant women and their neonates [1,2],
which not only increases the risk of long-term maternal car-
diovascular disease but also influences the occurrence of
adverse events in offspring [3]. As HDP are defined by
blood pressure (BP), the appropriate monitoring and man-
agement of BP are key in these disorders. Office blood
pressure (OBP) measurement is the easiest available pro-
cedure in clinical practice and is limited in its presentation
of BP variability [4]. Ambulatory blood pressure monitor-
ing (ABPM) is a continuous 24-hour BP measurement tech-
nique that does not interfere with patients’ daily activities.
BP values are recorded at specific intervals, which enables
the calculation of BP indices such as the maximum, mini-
mum, mean, and coefficient of variation, providing a com-
prehensive profile of BP patterns [5]. Therefore, ABPM
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Given the proven effectiveness of ABPM in guiding
BP management in nonpregnant populations, along with
the increasing focus on personalized medical care, recent
guidelines have emphasized its role during pregnancy [10,
11]. However, three primary challenges limit the broader
use of ABPM during pregnancy: (1) the complex dynamics
of BP variations, (2) the adaptive changes in the mechanical
properties of the maternal arterial system, and (3) the ab-
sence of pregnancy-specific diagnostic thresholds directly
linked to adverse pregnancy outcomes (APOs). The first
challenge complicates the timing of measurements, as BP
fluctuations can vary significantly across different stages
of pregnancy. The second challenge necessitates the use of
BP devices that are specifically adapted to the physiolog-
ical changes unique to pregnant women. The third chal-
lenge lies in the reliance on diagnostic thresholds derived
from nonpregnant populations, as these thresholds focus on
long-term cardiovascular risks rather than on APOs. This
discrepancy increases the difficulty in the accurate inter-
pretation of ABPM readings in the context of pregnancy,
which highlights the need for thresholds that better reflect
the relationship between BP levels and pregnancy-specific
risks. This review addresses the implications of ABPM dur-
ing pregnancy and examines dynamic BP changes, the suit-
ability of detection devices, the ongoing efforts in develop-
ing diagnostic thresholds, and the relevance of BP pheno-
types and derived parameters to prognosis. By highlight-
ing these aspects, this review aims to support the develop-
ment of more precise and effective approaches for the man-
agement of HDP that may lead to better clinical decision-
making and improved pregnancy outcomes.

2. Physiological Characteristics of Blood
Pressure during Pregnancy

Pregnant women experience physiological and
anatomical changes to adapt to the needs of increased
metabolism and fetal growth during pregnancy. Regarding
the cardiovascular system, there may be an increase in
plasma volume, cardiac output, and arterial compliance,
along with a reduction in peripheral resistance [12].
Specifically, in normal pregnancies, maternal blood vol-
ume increases by an average of 30-50% over the typical
volume in nonpregnant individuals. This increase becomes
noticeable at 6—8 weeks of gestation and continues to rise,
peaking at approximately 32 weeks. In early pregnancy
(1-12 weeks of gestation), the heart rate and stroke volume
increase simultaneously. The former continues to gradually
rise until term, whereas the latter plateaus at approximately
20 weeks of gestation. Moreover, systemic vascular
resistance decreases, is lowest at approximately 20 weeks
of gestation, and then gradually increases until term [13].
According to the dynamic nature of the cardiovascular
system described above, BP levels tend to be “U-shaped”
in normal pregnant women, as levels first decrease but then
increase during pregnancy. Before mid-pregnancy (~20

weeks of gestation), the combined effects of increased
blood volume and cardiac output and decreased systemic
vascular resistance cause the BP to gradually decrease
and reach its lowest level at approximately 20 weeks of
gestation. Although the average time of the lowest point
of systolic BP and diastolic BP varies depending on the
baseline characteristics of each pregnant woman, these
low points usually occur at approximately 18-22 weeks
of gestation [14,15]. After mid-pregnancy (~20 weeks
of gestation) and until the end of gestation, to meet the
needs of rapid fetal growth, it is not sufficient to rely solely
on vascular regulation to maintain placental perfusion
pressure, and maternal BP levels begin to increase. This
moderate increase in BP may be a mechanism by which
the placental blood supply and perfusion pressure are
increased [16] (Fig. 1, Ref. [17]).

Women with multiple pregnancies tend to experience
greater increases in cardiac output and heart rate [12]. Al-
though BP changes follow a similar trend, women with mul-
tiple pregnancies tend to have higher BP levels than those
with singleton pregnancies throughout the first, second, and
third trimesters [18]. In addition, for women with HDP, dif-
ferent BP trajectories are observed depending on the spe-
cific subtypes of the disorder: women who develop gesta-
tional hypertension have higher BP levels, which may de-
crease more moderately before 20 weeks of gestation, and
their BP levels may begin to rise earlier in mid-pregnancy,
with a faster increase after 18 weeks of gestation [19,20]. In
comparison, the BP trajectory of patients with preeclampsia
parallels that of normal pregnant women, but their BP levels
are predominantly higher, with a steep increase in late mid-
pregnancy, especially in cases of early-onset preeclampsia
[19,21]. The BP of women with chronic hypertension is
higher than that of women with gestational hypertension
and preeclampsia before 20 weeks of gestation but increases
at a less rapid and dramatic rate after 30 weeks of gestation
[20]. In other words, BP trajectories, in turn, reflect the type
of HDP. Notably, BP trajectories may also be influenced
by maternal factors such as body mass index, gestational
weight gain and maternal habitual snoring [15,22].

3. Ambulatory Blood Pressure Monitoring
for Diagnosis

Considering the health and environmental impacts of
mercury use in clinical settings, mercury-containing sphyg-
momanometers have been progressively phased out of clin-
ical use [23]. In current medical practice, international
guidelines [10,11] recommend the use of certified and reg-
ularly calibrated upper-arm medical electronic sphygmo-
manometers for BP measurement. Moreover, compared
with a single OBP measurement, ABPM provides a more
accurate assessment of an individual’s BP in their daily
life and significantly enhances the precision of BP mea-
surements, which enables the identification of WCH and
MH [24]. ABPM has also demonstrated superior predic-
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Fig. 1. Dynamic changes in the mean arterial pressure (left y-axis) and peripheral resistance during pregnancy (right y-axis). The

mean arterial pressure varies in parallel with the peripheral resistance and are both the lowest in the middle of the second trimester (~20

weeks of gestation). Before approximately 20 weeks of gestation, physiological changes, such as uterine artery remodeling and vascular

lumen enlargement, play a key role in reducing blood pressure. After 20 weeks, the rapid growth of the fetus and increased nutritional

demands require an increase in the mean arterial pressure to support fetal development (figure is adapted with modifications from Curr
Hypertens Rep. 2015; 17(5)) [17]. The figure was drawn using Prism 10 software (GraphPad Software, San Diego, CA, USA).

tive value, particularly for all-cause mortality and cardio-
vascular death [7]. Therefore, ABPM is prioritized for BP
monitoring and management in clinical practice [11,24].

ABPM is performed using automatic equipment, with
the appropriate cuff size selected according to the individ-
ual’s arm circumference, according to the manufacturer’s
instructions. Before wearing the cuff, initialization and in-
stallation of the equipment are necessary. After program-
ming, BP levels can be recorded for at least 24 hours at pre-
selected time intervals, and BP levels can usually be mea-
sured once every 20 minutes during the day and every 30
minutes at night. The daytime and nighttime periods are
determined according to patients’ self-reported sleep and
awake times. The requirement for valid monitoring is to
have at least 20 valid daytime BP records or 7 nighttime BP
records. If the above conditions are not met, the monitoring
should be repeated [11,24].

Importantly, the electronic BP monitors used routinely
in nonpregnant populations rely on electronic technology
and embedded algorithms for BP determination. However,
these algorithms do not account for the alterations in hemo-
dynamic and systemic arterial mechanical properties that
occur during pregnancy, which may affect the accuracy of
indirect BP measurements [25]. In patients with preeclamp-
sia, BP measurements are usually underestimated due to
specific pathological changes, including low arterial vascu-
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lar compliance and increased interstitial edema [23]. There-
fore, the use of BP monitoring in pregnant women (includ-
ing those with preeclampsia) should undergo independent
validation. A systematic review determined the accuracy
of BP measurement devices in populations of pregnant in-
dividuals. Among the 28 devices examined, two ambula-
tory devices (BP lab and Welch Allyn QuietTrak) passed
validation without any protocol violations [26]. More in-
formation regarding the type of device, applicable popu-
lations, and certification status can be obtained at https:
/lwww.stridebp.org and http://www.dableducational.org.

4. The Diagnostic Threshold of Ambulatory
Blood Pressure for Hypertension

In the nonpregnant population, the current thresholds
for the diagnosis of hypertension via ABPM are primar-
ily based on average daytime, nighttime, and 24-hour av-
erage BP levels [9,27,28]. To determine BP thresholds
for ABPM, a previous study has used three main meth-
ods: distribution-based, regression-based, and outcome-
derived approaches [27]. The distribution-based method is
used to obtain the percentiles (such as the 90th, 95th, and
99th percentiles) of the distribution of BP measurements
obtained by ABPM, whereas the regression-based method
correlates ABPM values with OBP values [29]. Notably,
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Fig. 2. Three main methods used to determine thresholds for ambulatory blood pressure monitoring. (A) In the distribution-

based approach, the values in the 95th percentiles are the thresholds for ABPM. (B) In the regression-based approach, the values of

ambulatory BP corresponding to 140/90 mmHg for clinical BP are considered the diagnostic threshold for hypertension in ABPM. (C)

In the outcome-derived approach, the restricted cubic spline shows a nonlinear correlation between ambulatory BP and APOs, and the

threshold for ambulatory BP is the point with the lowest odds ratio. The figure was drawn using Prism 10 software (GraphPad Software,

San Diego, CA, USA). ABPM, ambulatory blood pressure monitoring; APOs, adverse pregnancy outcomes; BP, blood pressure.

the outcome-derived method determines ABPM thresholds
that align with OBP cutoff values, which provides equiva-
lent predictions for future cardiovascular disease risk [30].
Although the thresholds set by different methods can vary,
outcome-derived thresholds are generally considered more
appropriate. As a result, the widely used diagnostic thresh-
olds are based on this method. For example, clinical hy-
pertension based on OBP measurements is defined as a BP
>140/90 mmHg, and the corresponding ABPM thresholds,
rounded to the nearest 0 or 5 mmHg, are set at 135/85
mmHg for the daytime, 130/80 mmHg for the 24-hour aver-
age, and 120/70 mmHg for the nighttime. These thresholds
have been shown to predict a similar 10-year cardiovascular
risk as the OBP threshold of 140/90 mmHg [30] (Fig. 2).

Ravenell and colleagues employed the aforemen-
tioned methods to establish slightly different ABPM thresh-
olds for black adults [28], which provided cardiovascular
disease or all-cause mortality risks similar to risks predicted
by clinical BP thresholds; this reflects the unique cardiovas-
cular risk profile of this population. Nevertheless, the preg-
nant population presents more specific characteristics than
the control population. Therefore, establishing pregnancy-
specific diagnostic thresholds for ABPM is essential. Pre-
vious studies have applied nonoutcome-derived methods to
identify normal upper limits of gestational-specific ABPM
thresholds during pregnancy [31,32]. However, this ap-
proach does not align with the methodology of utilizing
outcome-derived thresholds for nonpregnant adults. Con-
sidering that the primary risk factors associated with hy-
pertension during pregnancy focus on APOs rather than on
long-term cardiovascular risks, it is inappropriate to apply
hypertension diagnostic criteria derived from nonpregnant
populations to pregnant women. Our previous work deter-
mined the “optimal” ABPM thresholds for pregnant women
at high risk for HDP and for those who were diagnosed
with HDP in late pregnancy. After rounding to the near-

est 0 or 5 mmHg, the outcome-derived, clinically unrelated
thresholds identified were 130/80 mmHg for the daytime,
120/75 mmHg for the nighttime, and 130/75 mmHg for the
24-hour average, whereas the outcome-derived, clinically-
relevant BP thresholds were 135/85, 125/80, and 135/85
mmHg for the daytime, nighttime and 24-hour averages,
respectively. When a nonoutcome-derived approach was
applied, the thresholds for daytime, nighttime and 24-hour
averages were 135/85, 130/80 and 135/85 mmHg, respec-
tively [33]. Although the pregnancy-specific thresholds we
investigated are derived from APOs and determined using
a thorough methodology, these thresholds were constrained
because ABPM was conducted exclusively during the third
trimester. Given the dynamic changes in BP during preg-
nancy, it is essential to establish specific diagnostic thresh-
olds for both ABPM and OBP that are tailored to each stage
of pregnancys; this includes the determination of the optimal
timing for ABPM. This would allow for more accurate iden-
tification of high-risk pregnant women and enable the im-
plementation of individualized BP management strategies
in a cost-effective manner.

5. Blood Pressure Phenotypes Based on
Ambulatory Blood Pressure Monitoring

5.1 White-Coat Hypertension

WCH refers to elevated OBP that occurs before 20
weeks of gestation but is normal in settings outside of a
medical office. In the nonpregnant population, the preva-
lence of WCH reported in previous studies varies from 20%
to 30% [34,35]. Due to differences in BP measurement
protocols and diagnostic criteria, the prevalence of WCH
during pregnancy also varies and ranges from 4% to 30%
[36,37]. Notably, the association between WCH and APOs
is controversial; for example, a meta-analysis revealed that
WCH may increase the risk of preeclampsia, preterm birth,
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and delivery of small for gestational age (SGA) neonates
in pregnant women, which indicates a greater risk of de-
veloping HDP [36,38]. However, another study revealed
no statistically significant difference in the development of
preeclampsia or neonatal mortality between pregnant indi-
viduals with WCH and those with normotension, which in-
dicates that the prognosis of WCH during pregnancy may
be relatively benign [39]. Additionally, a persistent status
of WCH until delivery is associated with a lower risk of
SGA than preeclampsia or gestational hypertension. More-
over, pre-pregnancy WCH is more closely related to higher
birthweight and a lower rate of thrombocytopenia than sus-
tained hypertension [40]. It is undeniable that patients with
WCH present a greater likelihood of developing gestational
hypertension, the association of which with APOs has been
well documented. ABPM is recommended for those with
OBPs >140/90 mmHg before 20 weeks of gestation to di-
agnose and manage white coat hypertension [10]. Once a
diagnosis of WCH is confirmed, extensively repeated BP
measurements are warranted to assess the aforementioned
risks, identify the need for antihypertensive medication and
avoid overdiagnosis and overtreatment [41].

5.2 Masked Hypertension

MH refers to BP that is normal when obtained in a
medical office before 20 weeks of pregnancy but that is
elevated when measured in settings outside of a medical
office. The prevalence of MH in the pregnant population
has not been well defined. Previous studies have shown
that approximately 30% of high-risk pregnant women
have MH and that the prevalence is approximately 20%
among untreated normotensive pregnant women [42—44].
Women with MH have a 6.8-fold greater risk of develop-
ing preeclampsia than women with normal BP [43]. More-
over, MH is an independent predictor of the development
of preeclampsia and adverse neonatal outcomes [42,43].
Therefore, further screening of preeclampsia risk during an-
tenatal care can be performed in combination with clinical
BP measurements and ultrasonographic and laboratory pa-
rameters [45]. Compared with WCH, MH is more chal-
lenging to detect because the OBP readings are normal [41].
Recognizing this difficulty, a study by Wu et al. [46], which
involved a low-risk cohort of 47,874 participants, demon-
strated that when systolic/diastolic BP levels are between
130-139/80-89 mmHg in early pregnancy, it is crucial to
perform out-of-office BP measurements to rule out MH.
Similarly, the study by Salazar et al. [47] showed an in-
creased risk of developing preeclampsia in high-risk preg-
nant women with OBPs >125/75 mmHg. Therefore, the
use of ABPM in appropriate populations may help identify
individuals who appear to be at high risk but whose risks
may not be fully captured through standard OBP measure-
ments.
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5.3 Nocturnal Hypertension

Nocturnal hypertension is also a relatively common
phenomenon and is defined as ABPM >120/70 mmHg dur-
ing nighttime rest [24,48]. This definition was also used
in previous studies on gestational nocturnal hypertension
[49,50]. In essence, nocturnal hypertension is a type of
masked condition [43,51]. A meta-analysis of 17,312 pa-
tients with hypertension confirmed the significance of noc-
turnal hypertension in the prognosis of sustained hyperten-
sion and MH [52]. The mechanism by which nocturnal
hypertension contributes to MH may be secondary to in-
creased sympathetic nervous system activity [53]. Gen-
erally, individuals with factors such as sleep deprivation,
obstructive sleep apnea, and metabolic syndrome predom-
inantly exhibit nocturnal hypertension [51]. Therefore,
when major and moderate risk factors for preeclampsia (PE)
are considered, abnormal sleep behavior should not be ig-
nored. Nocturnal hypertension and MH are frequently ob-
served in pregnant women. Our previous work [54] ex-
plored the risk of hypertension phenotypes for APOs and
APO-related office and ambulatory BP thresholds. In a co-
hort of 967 high-risk pregnant women, the prevalences of
nocturnal hypertension and MH were 25.5% and 11.4%,
respectively. Among women with MH, 95.5% presented
with nocturnal hypertension [54], which indicates a strong
correlation between them and suggests that even patients
with a normal 24-hour average BP obtained by ABPM may
present with isolated nocturnal hypertension. Moreover,
women with MH and nocturnal hypertension are likely to
experience placental ischemia and abnormal uterine spi-
ral artery remodeling [55]. Placental ischemia can trig-
ger a cascade of short-term and long-term maternal patho-
logical events. An imbalance of soluble fms-like tyrosine
kinase-1 and placental growth factor (PIGF) in women with
preeclampsia can lead to vascular damage and nocturnal
hypertension, which may further exacerbate placental is-
chemia and impair remodeling of the placental spiral arter-
ies [56,57]. Additionally, Chen and colleagues reported a
negative correlation between serum PIGF levels and noc-
turnal BP, which indicates a specific association between
nocturnal BP and PIGF [58]. Notably, even after delivery,
nocturnal hypertension and vascular damage may persist
and lead to an increased short- and long-term risk of car-
diovascular disease [59]. Hence, the use of ABPM for the
detection of nocturnal hypertension and to control BP dur-
ing pregnancy is imperative for improved maternal and fetal
health.

5.4 Morning Hypertension

A previous study revealed that morning hypertension
is common even in patients with well-controlled OBP [60].
Morning hypertension has been linked to increased cardio-
vascular risk [61] and may increase the risk for stroke in
the elderly [62]. However, research on morning hyperten-
sion during pregnancy is limited. As mentioned earlier, the
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diagnostic threshold of ABPM in the general population in-
cludes BP levels based on daytime, nighttime and 24-hour
averages. Hence, we advocate for additional research fo-
cused on the exploration of the associations among morn-
ing hypertension, which may be related to isolated daytime
hypertension, uncontrolled nocturnal hypertension and ad-
verse pregnancy outcomes. This research is not intended to
complicate hypertension management in pregnant women,
but rather, to emphasize the importance of identifying ab-
normal BP phenotypes to enable more tailored and effective
management strategies, such as optimization of the timing
of antihypertensive medication.

5.5 Transient Gestational Hypertension

In contrast to that regarding WCH, research on tran-
sient gestational hypertension, which is specifically char-
acterized by its onset in early pregnancy, is limited. Sev-
eral studies have defined transient hypertension as BP that
is elevated in the second and third trimesters of pregnancy
(usually after 20 weeks of gestation) that then returns to
normal in subsequent BP assessments, and some measure-
ments even recover within several hours [10,63]. However,
another study noted a similar phenomenon in which BP
was temporarily elevated in early pregnancy but returned
to normal at 14-19 weeks [64]. Although the increase in
BP is only temporary, this increase is associated with an
increased risk of developing true gestational hypertension
and preeclampsia before delivery despite the stage at which
the increase occurs [63,64].

6. Blood Pressure Circadian Rhythm

The BP circadian rhythm was calculated as the (day-
time BP — nighttime BP)/daytime BP x 100% and was cat-
egorized into five patterns: extremely dipping (nighttime
BP decreases by >20% of the daytime level), dipping (de-
crease by 10-20%), non-dipping (decrease by 0-10%), and
reverse dipping (nighttime BP decrease <0%). This BP cir-
cadian rhythm is influenced by both intrinsic and extrinsic
factors. In young hypertensive individuals, the non-dipping
BP pattern was found to be associated with an increased
risk of cardiovascular disease, including nonfatal myocar-
dial infarction, stroke and heart failure. Combined with BP
variability, the non-dipping pattern provides better prog-
nostic performance than does the average 24-hour ambu-
latory BP level [65]. The BP circadian rhythm of nonpreg-
nant and pregnant patients is similar but is different in pa-
tients with chronic hypertension and preeclampsia [66]. In-
dividuals with HDP show an average blunted dipping pat-
tern in the second trimester compared with normotensive
individuals according to consecutive nighttime BP moni-
toring [67], which may serve as a potential predictor of
HDP severity. In preeclampsia, the acrophase of BP shifts
to nighttime hours, whereas the peak typically occurs in
the afternoon in normotensive individuals [68], which con-
tributes to the non-dipping or even reverse-dipping pattern
observed in severe preeclampsia [66]. Moreover, the non-

dipping BP pattern was found to be associated with mater-
nal hemodynamic changes, including reduced longitudinal
velocity, decreased cardiac output and lower diastolic ve-
locity of the mitral valve annulus [69]. The potential mech-
anism behind these abnormal BP variability patterns may
be related to conditions such as diabetes mellitus, which af-
fects the autonomic nervous system, or sleep apnea, which
leads to intermittent hypoxia. The severity of maternal ob-
structive sleep apnea-hypopnea has been reported to be in-
versely correlated with a greater decline in nocturnal BP
[70]. Pregnant women with gestational diabetes mellitus
and obesity have a higher incidence and earlier onset of non-
dipping BP patterns during pregnancy [71]. Interestingly,
pregnant women with a history of childhood adversity dis-
play alterations in the hypothalamic-pituitary-adrenal axis
and immune activity, contributing to the loss of the typical
nocturnal BP decline [72]. A study has reported on the cir-
cadian rhythm of BP during pregnancy, most of which have
focused on two main patterns, dipping and non-dipping pat-
terns. Unfortunately, these patterns may persist into the
postpartum period, as nearly half of HDP women exhibit a
non-dipping pattern [73], along with diastolic dysfunction.
Severe and recurrent preeclampsia have been identified as
significant predictors for non-dipping pattern in the post-
partum period [74].

7. Prognostic Values of Ambulatory Blood
Pressure Monitoring for Long-Term
Maternal and Fetal Outcomes

The clinical value of ABPM during pregnancy has
been thoroughly discussed above. As a pregnancy com-
plication, preeclampsia characterized by target organ dam-
age [75] and fetal growth restriction, significantly increases
both the short-term and long-term risk of cardiovascular
disease and all-cause mortality [76], which necessitates
medical supervision and individualized interventions dur-
ing the postpartum period. More than 80% of individu-
als with HDP experience ongoing hypertension after deliv-
ery, and approximately 14% develop severe hypertension
[77]. The most common postpartum hypertension pheno-
type is MH, followed by sustained hypertension and WCH
[73]. A previous study [78] compared the BP profiles be-
tween women with preeclampsia and those with normoten-
sion at 612 weeks postpartum and revealed that 17.9%
of pregnant women experienced complications associated
with MH, which is linked to sustained hypertension and an
increased risk of cardiovascular disease [79]. In another
study, 64.5% of patients experienced complications associ-
ated with nocturnal hypertension, which increased the risk
of cardiovascular disease and stroke [80]. These findings
highlight the critical need for continuous blood pressure
monitoring postpartum. A similar pattern extends to 1 year
after severe preeclampsia [73], and MH continues at a sim-
ilar rate, whereas nocturnal hypertension affects 42.5% of
women.

&% IMR Press


https://www.imrpress.com

Optimizing Ambulatory Blood Pressure Monitoring during Pregnancy: A Path Toward Improving
Risk Stratification and Management of Hypertensive Disorders

Challenge 1

90 20 weeks 1500

Uterine artery remodeling  Nutritional requirements for maT

o——® |30
]

/ 1100 =
5

ways -ukp)

(

eoue)sisay [esoyduad

S Timing of ABPM,
considering both cost-
effectiveness and the
balance between predictive
accuracy for APOs and the

available window for
effective intervention.

/

RYs

/

Challenge 2

Y £

#

Y

Validation for ABPM
device during pregnancy
due to low arterial
vascular compliance and
increased interstitial

edema.

Challenge 3

g

Pregnancy-specific
thresholds derived from
APQOs, allowing for more
accurate risk identification
and individualized BP

management strategies in a
cost-effective manner.

Fig. 3. Three main challenges of future ABPM research. The figure was drawn using Prism 10 software (GraphPad Software, San

Diego, CA, USA).

The predictive value of ABPM for infant outcomes has
focused primarily on birthweight during pregnancy, with a
stronger association with SGA than with office BP mea-
surements [81], which is potentially independent of ma-
ternal BP elevation [82]. At 28 weeks of gestation, the
average diastolic BP was negatively correlated with both
head circumference and birthweight [83], as well as with
admission to the neonatal intensive care unit after delivery
[84], which demonstrates the strongest predictive perfor-
mance of all ambulatory BP parameters [85]. Moreover,
the offspring of mothers with early-onset preeclampsia ex-
hibit higher nocturnal systolic BP values than those with
late-onset preeclampsia 6 weeks after delivery, and this ab-
normal BP profile persists into childhood and typically con-
tinues until the ages of 6-12 years [86].

8. Knowledge Gap and Future Directions

Due to three primary challenges, namely, the com-
plex dynamics of BP variations, the adaptive changes in the
mechanical properties of the maternal arterial system, and
the absence of pregnancy-specific diagnostic thresholds di-
rectly linked to APOs, ABPM has not been widely adopted
in gynecological practice. The following knowledge gaps
and research directions should be addressed and considered.
First, multidisciplinary management of pregnant women
is warranted. ABPM holds significant potential—perhaps
with the aid of machine learning models—not only to im-
prove predictive capabilities for HDP but also to recom-
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mend the most appropriate treatment. However, its use
must be prescribed and interpreted by professionals with
expertise not only in BP but also in pregnancy and obstet-
ric pathology. This underscores the importance of multi-
disciplinary care and the critical role of obstetric medicine,
as emphasized in recent papers and guidelines on the sub-
ject [87-90]. Second, the optimal timing for ABPM dur-
ing pregnancy remains unclear. While current guidelines
recommend out-of-office BP monitoring before 20 weeks
for an accurate diagnosis of WCH and chronic hyperten-
sion, the optimal timing for ABPM after 20 weeks has not
yet been explored. This timing should consider both cost-
effectiveness and the balance between predictive accuracy
for APOs and the window available for effective interven-
tion. Third, clinicians and others should advocate for the
certification of BP measurement devices specifically for use
in pregnant women, particularly those with HDP. Fourth,
large longitudinal studies across multiple gestational stages
with ethnically diverse populations are needed to estab-
lish pregnancy outcome-derived ABPM diagnostic thresh-
olds, as well as outcome-derived thresholds for in-office
BP measurements. Such studies should focus on stan-
dardized diagnostic thresholds that appropriately balance
the risks of adverse maternal and neonatal outcomes. Ad-
ditionally, future research should explore the relationship
between ABPM and composite APOs, including perinatal
death, intracranial hemorrhage, and respiratory distress in
neonates. Moreover, with technological advances, several
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novel cuffless wearable devices and smartphone applica-
tions have emerged [91], which offer professional health-
care solutions and increase the ease by which individuals
can stay connected with medical providers. These innova-
tions may simplify ABPM and provide a broader platform
for its use (Fig. 3).

9. Conclusion

ABPM has the potential to enhance risk stratifica-
tion in patients with HDP by providing a more detailed
understanding of BP dynamics. Future efforts to develop
pregnancy-specific diagnostic thresholds and determine the
optimal timing for ABPM are crucial steps that can en-
able timely interventions and improve outcomes for both
mothers and their offspring. By refining these approaches,
ABPM can become a key tool in the effective management
of high-risk pregnancies.
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