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Abstract

Background Hypertensive disorders of pregnancy (HDP) can significantly impact maternal, neonatal, and fetal
health. For controlling these disorders, frequent blood pressure measurements are required. Home blood pressure
monitoring (HBPM) is a suggested alternative to conventional office monitoring that requires frequent visits. This
systematic review was conducted to evaluate the efficacy and safety of HBPM in the control of HDP.

Methods We systematically conducted databases search for relevant studies in June 2022. The relevant studies were
identified, and qualitative synthesis was performed. An inverse variance quantitative synthesis was conducted using
RevMan software. Continuous outcome data were pooled as means differences, whereas dichotomous ones were
summarized as risk ratios. The 95% confidence interval was the measure of variance.

Results Fifteen studies were included in our review (n=5335). Our analysis revealed a superiority of HBPM in reduc-
ing the risk of induction of labor, and postpartum readmission (P=0.02, and 0.01 respectively). Moreover, the com-
parison of birth weights showed a significant variation in favor of HBPM (P=0.02). In the analysis of other outcomes,
HBPM was equally effective as office monitoring. Furthermore, HBPM did not result in an elevated risk of maternal,
neonatal, and fetal adverse outcomes.

Conclusion Home monitoring of blood pressure showed superiority over office monitoring in some outcomes and
equal efficacy in other outcomes.

Keywords Home blood pressure monitoring, Hypertensive disorders of pregnancy, Meta-analysis, Systematic review

Introduction
Hypertensive disorders of pregnancy (HDP) affect
around 10% of pregnancies globally, with preeclampsia
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the persistence and progression of the disease [3]. More-
over, HDP was shown to have a long-term impact on
women’s cardiovascular health [4, 5]. These women have
a greater risk of developing renal dysfunction, stroke, and
persistent chronic hypertension, among other cardiovas-
cular diseases [6—8]. Therefore, effective and sustainable
monitoring and management of hypertension should be
implemented to prevent such incidents. Traditionally,
blood pressure is monitored in health centers, necessi-
tating frequent office visits which might be inconvenient
for most women. However, the need for blood pressure
monitoring should not be ignored.

Home blood pressure monitoring (HBPM) is a prom-
ising alternative to in-office monitoring that is recom-
mended by international guidelines [9]. Monitoring
blood pressure at home has frequently shown a con-
venient and effective blood pressure control among non-
pregnant hypertensive adults [10-12]. Recently, it was
suggested that HBPM could replace frequent office visits
for screening HDP [13]. The implementation of HBPM
protocols can reduce the number of required office vis-
its that constitute a financial burden on pregnant women
and the health system as well [14]. In addition, HBPM is
a convenient alternative to office visits that may guaran-
tee better compliance [13]. More importantly, HBPM is
more efficient in detecting the alterations in blood pres-
sure that occur between office visits, as well as reducing
white-coat hypertension risk [14, 15].

Several clinical trials have compared blood pressure
monitoring at home to office visits in controlling HDP,
however, their results have shown some heterogeneity.
We conducted this systematic review with a meta-anal-
ysis to reach conclusive evidence on HBPM efficacy and
safety in the control of HDP.

Methods

We followed the guidance of the Cochrane handbook
for systematic reviews of intervention in conducting this
study [16]. Thereafter, we reported our manuscript in
accordance with the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analysis (PRISMA) [17].

Search strategy and information source

In June 2022, we conducted a systematic databases
search using the following search strategy: (“Ambulatory
Blood Pressure Monitoring” OR “Monitoring, Ambula-
tory Blood Pressure” OR “Blood Pressure Monitoring,
Self” OR “Self Blood Pressure Monitoring” OR “Blood
Pressure Monitoring, Home” OR “Home Blood Pres-
sure Monitoring”) AND (“Hypertension*, Pregnancy
Induced” OR “Pregnancy-Induced Hypertension” OR
“Pregnancy Induced Hypertension” OR “Induced Hyper-
tension*, Pregnancy” OR “Gestational Hypertension” OR
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“Hypertension, Gestational” OR “Transient Hyperten-
sion, Pregnancy” OR “Hypertension, Pregnancy Tran-
sient” OR “Pregnancy Transient Hypertension”).

We conducted our search on PubMed, Scopus, Web of
Science, and Cochrane library from their inception for
any relevant results. Following this, a manual search was
conducted in the reference lists of the identified relevant
articles.

Eligibility criteria and studies selection

This review included systematically the studies that inves-
tigated the use of HBPM in comparison with conven-
tional office monitoring in the control of HDP or normal
pregnant women at high risk of HDP. Studies enrolling
pregnant or postpartum women with established HDP or
normal pregnant women at high risk of HDP were eligi-
ble for inclusion in our review. For the studies to be eli-
gible for this systematic review, the efficacy, and safety of
HBPM should be investigated. Studies enrolling women
younger than 18, having inaccessible full texts, or cost-
effectiveness studies were not eligible for inclusion in this
review.

Following the removal of the duplicates, eligible stud-
ies were selected through two-step screening. Initially,
the titles in addition to the abstracts of the retrieved
search results were reviewed for any relevant study. After
that, the full texts of the identified relevant studies were
screened carefully for final eligibility.

Quality assessment

Cochrane collaboration tool for risk of bias assessment
tool was used to evaluate the quality of the evidence pro-
vided in the eligible randomized controlled trials (RCTs)
[18]. For non-randomized clinical trials, the RoOBANS
tool of Cochrane collaboration (Risk of Bias Assessment
tool for Non-randomized Studies) was used to deter-
mine the quality [19]. Furthermore, the quality of cohort
and case—control studies was evaluated by the quality
assessment tool provided by the National Institute of
Health [20].

Study measures

Data that summarize the included studies’ key features
were extracted in a table, these data included the site and
design of the study, eligibility criteria for the participants,
type of HBPM device used, follow-up duration, and the
study outcomes. In addition, the baseline characteristics
of the enrolled women in each study were summarized.
These baseline data included the women’s age, race, body
mass index (BMI), percentage of nulliparous women,
and the weeks of gestation at study entry. Concerning
the investigated studies’ outcomes, both maternal and
neonatal outcomes were studied. The studied efficacy
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and safety outcomes included the risk of preeclampsia,
induction of labor, caesarian delivery, and postpartum
readmission. Moreover, the percentages of live births and
preterm deliveries were analyzed with the gestational age
at delivery. Furthermore, we studied the birth weight in
addition to the risk of intrauterine growth restriction,
delivering a neonate who is small for gestational age, and
admission to the neonatal intensive care unit (NICU).
The adverse maternal, neonatal, and fetal outcomes were
studied as well.

Data synthesis

The statistical analysis of maternal and neonatal out-
comes in this meta-analysis was performed using Rev-
Man software (v 5.3) in an inverse variance method. The
statistical pooling of continuous efficacy outcome data
was conducted in the form of mean difference (MD),
whereas all the categorical dichotomous data were
pooled in the form of risk ratio (RR). The variance meas-
ure was the 95% confidence interval (CI). Visual assess-
ment of the forest plot, in addition to I-square (I2) and
chi-square tests were used for the evaluation of heteroge-
neity among the included studies’ results. Heterogeneity
was considered statistically significant when the 12 value
is>50%, here, a random-effect analysis model was used
rather than the fixed-effect model [21]. According to the
Cochrane handbook, one or two studies with inconsist-
ent findings may cause heterogeneity. Excluding stud-
ies from meta-analyses based on their results may cause
bias. If the outlying result has an obvious cause, the study
may be dismissed with more confidence. This criterion is
unreliable since every study in a meta-analysis has at least
one distinguishing feature. For this reason, we left one
study out when the results were heterogeneous to solve
this heterogeneity and we did sensitivity analyses with
and without outliers [21, 22].

Results

Studies selection and characteristics

Our predetermined systematic search retrieved 1613
results, among which 229 were duplicated. Following
the removal of the duplicated results, 1384 were eligible
for the title and abstract screening. With the titles and
abstracts screened, 1293 studies were excluded and only
91 were eligible for the full-text screening. Finally, 15
studies were included in our systematic review [13, 23—
36]. Among those, 14 studies were included in the quan-
titative synthesis [13, 23-25, 27-36] (Fig. 1). The primary
features of the eligible studies are described in Table 1.
An overall number of 5335 women were enrolled, their
baseline characteristics are summarized in Table 2.
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Quality assessment

Overall, the included RCTs were of good quality, hav-
ing a low to moderate risk of bias. Kitt et al., Hirshberg
et al., and Cairns et al. were at low risk of bias in all the
investigated domains of the tool [23, 27, 28]. The blind-
ing of study participants, study personnel, and outcome
detectors was not ideal in Tucker et al. and Pealing et al.
[24, 25, 36], but the studies’ participants and their clini-
cians were required to know that they were monitored.
Similarly, there was inadequate concealment of the group
allocation in Rhodes et al. [34]. The risk of bias in Holms
et al. could not be determined in most of the domains,
and Denolle et al. were of low quality [35]. The graph and
summary of these RCTSs’ risk of bias are provided respec-
tively in Figs. 2 and 3.

According to NIH tools, Fukushima et al, Lanssens
et al,, and Kalafat et al.were of good quality, while Perry
et al. and Rayburn et al. had fair quality [13, 30-33]
(supplementary tables 1 and 2). Furthermore, Hoppe
et al. was at low risk of bias in most of the investigated
domains [29] (supplementary tables 3).

Meta-analysis outcomes

Preeclampsia (%)

This meta-analysis was based upon data analyzed from
eight studies, with 3674 women enrolled (1829 for
HBPM and 1845 for office monitoring) [13, 24, 25, 31—
33, 35, 36]. The analysis showed an insignificant vari-
ation between HBPM and office monitoring on the risk
of preeclampsia (RR=0.89; 95% CI [0.68, 1.17], P=0.42),
but the results showed heterogeneity across the studies
(P=0.03, I?’=57%). And we couldn't solve this heteroge-
neity (Fig. 4).

Induction of labor (%)

This comparative meta-analysis was based upon data
analyzed from four studies, with 698 women enrolled
(319 for HBPM and 379 for office monitoring) [25, 31,
32, 34]. In comparison with office monitoring, HBPM
resulted significantly in a lower risk of induction of
labor (RR=0.81; 95% CI [0.69, 0.96], P=0.02), and the
results showed homogeneity among the studies (P=0.16,
1*=41%) (Fig. 5).

Caesarian delivery (%)

This primary analysis was based on data analyzed from
three studies, with 438 women enrolled (164 for HBPM
and 274 for office monitoring) [25, 31, 32]. The compara-
tive analysis revealed an insignificant variation between
the HBPM and office monitoring in the risk of caesar-
ian delivery (RR=1.09; 95% CI [0.75, 1.58], P=0.65),
but the results significantly showed heterogeneity
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[ Identification of studies via databases and reaisters }

Fig. 1 The PRISMA flow chart

across the studies (P=0.03, I*=71%). Pealing et al. [25]
was excluded in a subsequent sensitivity analysis that
revealed an insignificant homogeneous pooled esti-
mate (RR=0.93; 95% CI [0.74, 1.17], P=0.52), (P=0.33,
>=0%) (Fig. 6).

Postpartum readmission (%)

This initial analysis was based upon data analyzed from
three studies, with 725 women enrolled (362 for HBPM
and 363 for office monitoring) [27-29]. The comparative
meta-analysis showed an insignificant variation between
HBPM and office monitoring in the risk of postpartum
readmission (RR=0.36; 95% CI [0.05, 2.81], P=0.33).
However, the results across the studies showed signifi-
cant heterogeneity (P=0.05, *=67%). Cairns et al. [28]
was left out in a subsequent sensitivity analysis that
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revealed a homogenous preference of HBPM (RR=0.12;
95% CI [0.02, 0.65], P=0.01), (P=0.95, I*=0%) (Fig. 7).

Live birth (%)

This analysis was based upon data analyzed from five
studies, with 3288 participants enrolled (1684 for HBPM
and 1604 for office monitoring) [24, 25, 31, 33, 36]. The
meta-analysis of live birth revealed an insignificant vari-
ation between HBPM and office monitoring (RR=1.00;
95% CI [0.99, 1.00], P=0.36), and the results showed
homogeneity among the studies (P=0.73, I*=0%)
(Fig. 8).

Gestational age at delivery (weeks)

This analysis included nine studies, with 3881 par-
ticipants enrolled (1855 for HBPM and 2026 for office
monitoring) [13, 24, 25, 30-33, 35, 36]. No significant
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Table 2 Baseline characteristics of the enrolled patients in the included studies

Study ID Study arms Sample Age, years, M+SD BMI, kg/m2, M+SD Nulliparous Median gestation Race, white/
atentry, wk (IQR) black/others
Cairns et al. 2018 HBPM 45 317453 29+75 32 (71%) 359(31.9-37.7) 41/4
(28] Control 46 317453 28483 31(67%)  347(317-369)  43/3
Chappell et al. 2022 Chronic Hyperten- 233 36+54 30.7 (26.7-34.7)° 85 (36.5%) 18.6 (15.3-23.3) 115/70/38
[36] sion (HBPM)
Chronic Hyperten- 221 355+58 30.5 (26.3-35.8)° 77 (34.8%) 183 (15.4-23.3) 109/71/41
sion (Control)
Gestational Hyper- 197 335+6.1 294 (24.8-35.1)° 103 (52.3%) 34.3(29.7-35.9) 141/17/39
tension (HBPM)
Gestational Hyper- 199 33.6+56 285 (25-35.4)° 101 (50.8%) 33.9(30.3-36.1) 137/22/40
tension (Control)
Denolle et al. 2008 HBPM 24 27+3 - 39 (82%) 29+5$ -
(35] Control 24 - -
Fukushima et al. HBPM 19 29776 - 71 (36%) 19.6+9.8% -
2002 [30] Control 180 - 275+93% -
Hirshberg et al. HBPM 103 28+6 30.1 (24.3-33.8)° 61 (59.2%) 38 (36-39) 28/68/7
2018 [27] Control 103 2845 310(25.1-383)° 52(505%) 38 (36-39) 25/73/5
Holm et al. 2019 HBPM 80 - - - - -
Control - - - - -
Hoppe et al. 2020 HBPM 214 - - - - -
(29 Control 214 - - - - -
Kalafat et al. 2019 HBPM 80 34.0(30.0-37.0° 264 (23.6-30.0)° 59 (73.7%) 34.0 (28.2-36.3) -
(37] Control 63 31.0(28.0- 33.5)° 27.1 (24.2-303)° 51 (80.9%) 36.0 (33.0-37.3) -
Lanssens et al. HBPM 86 3097 +5.61 26.79+5.36 - 10516115 -
2018-1[32] Control 215 30534517 28384667 - 106045525 -
Kitt etal. 2021 [23] HBPM 30 352453 285 (25.6-33.3)° 0 - -
Control 31 341453 27.7 (23.9-31.4)° 0 - -
Pealing et al. HBPM 55 359456 31+7 17 31%) 16.6 (12.9-20.1) 27/21/7
2019-Chronic Control 3] 317453 31947 9 (29%) 149 (13.0-200)  21/8/3
Hypertension [25]
Pealing et al. HBPM 49 334459 29.5+7.1 20 (41%) 35.0(324-36.1) 37/11/1
2019-Gestational 23 3424511 27.6+64 14 (61%) 347 (321-364)  18/4/1
Hypertension [25]
Perry etal. 2018 [13] HBPM 108 32.5(29.0-37.8)° 27.7 (23.8-33.2)° 61 (56.5%) 30.0 (22.0-35.0) -
Control 58 32.0(28.0-353)" 27.9(24.9-31.2)° 32 (55.2%) 33.6(28.2-36.1) -
Rayburnetal. 1985 HBPM 33 31+3 11 (33.3%) - 35+3$ -
(33] Control 34 3044 14 (41.2%) - 36+35 -
Rhodes etal. 2017  HBPM 51 262+43 32 (62%) - - -
(341 Control 49 27346 32 (65%) - - -
Tucker et al. 2022 HBPM 1220 328457 26.5(22.7-32.1)° 745 (61.1%) - 887/88/236
(24] Control 1217 33+56 26.1 (22.6-324)° 742 (61.0%) - 914/99/204

Abbreviations: HBPM Home blood pressure management, BMI Body mass index. °data represented as median and IQR, $: data represented as M + SD

difference was revealed between HBPM and office mon-
itoring in the gestational age at delivery (MD=-0.22;
95% CI [-0.62, 0.19], P=0.29). However, the results
across the studies showed heterogeneity (P=0.01,
12 =60%) with random effect. And we couldn’t solve this
heterogeneity (Fig. 9).

Preterm delivery (%)

This comparative analysis was based upon data analyzed
from four studies, with 665 participants enrolled (301 for
HBPM and 364 for office monitoring) [25, 31-33]. The
comparative meta-analysis showed an insignificant vari-
ation between HBPM and office monitoring in the risk of
preterm delivery (RR=0.87; 95% CI [0.62, 1.21], P=0.40),



Albadrani et al. BMC Pregnancy and Childbirth (2023) 23:550

Random sequence generation (selection bias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)
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.

Other bias
0% 25% 50% 75%  100%
.Low risk of bias |:|Unclearrisk of hias .High risk of bias
Fig. 2 Risk of bias graph for randomized controlled trials
and the results showed homogeneity among the studies  Birth weight (g)

(P=0.16, I’=41%). And we couldn'’t solve this heteroge-
neity (Fig. 10).

Caims etal. 2018

Chappell et al. 2022

Danolle etal. 2008

Hirshberg etal. 2018

~ | ® @ |® | ® |selective reporting (reporting bias)

~ | @®|~|@®|® |otherbias

~ ® ® . @ | Blinding of participants and personnel (performance bias)

< |®|@|® | ® |Random sequence generation (selection bias)
~ | ®| @@ | ® sinding of outtome assessment (detection bias)

Holmetal. 2019

Kittetal. 2021

..,.
-q.

Pealing etal. 2019

?

Fig. 3 Risk of bias summary for randomized controlled trials

-~

Rhodes etal. 2017

® 0O S S| - ® O ®| ®|~ocationconcealment (selection bias)
® OSSOSO O ®| @ | ncomplete outcome data (attrition bias)

Tucker etal. 2022

This comparative analysis was based upon data ana-
lyzed from five studies, with 710 participants enrolled
(333 for HBPM and 377 for office monitoring) [13, 25,
30, 31, 35]. This analysis revealed a significant variation
in the birth weight that favors HBPM over office control
(MD =-245.17; 95% CI [-454.74, -35.60], P=0.02). How-
ever, the results significantly showed heterogeneity across
the included studies (P=0.01, >*=68%). And we couldn’t
solve this heterogeneity (Fig. 11).

Intrauterine growth restriction (%)

This analysis was based upon data analyzed from three
studies, with 364 participants enrolled (215 for HBPM
and 149 for office monitoring) [25, 31, 33]. The compara-
tive analysis showed an insignificant variation between
HBPM and office monitoring regarding the risk of Intrau-
terine growth restriction (RR=1.05; 95% CI [0.57, 1.94],
P=0.87), and the results were homogenous (P=0.76,
*=0%) (Fig. 12).

Small for gestational age (%)

This analysis was based upon data analyzed from three
studies, with 2781 participants enrolled (1431 for HBPM
and 1350 for office monitoring) [24, 25, 31]. This analysis
revealed an insignificant variation between HBPM and
office monitoring in the risk of delivering a neonate that
is small for gestational age (RR=1.24; 95% CI [0.97, 1.58],
P=0.09), and the results showed homogeneity (P=0.71,
*=0%) (Fig. 13).

NICU admission (%)

This analysis was based upon data analyzed from four
studies, with 3223 participants enrolled (1666 for HBPM
and 1557 for office monitoring) [13, 24, 25, 36]. The com-
parative meta-analysis revealed an insignificant varia-
tion between HBPM and office monitoring in the risk of
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HBPM Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chappell etal. 2022 71 187 63 180 21.2% 1.15[0.87,1.50] T
Denolle et al. 2008 0 24 0 24 Not estimahle
Kalafatetal. 2019 20 80 22 63 13.9% 0.72[0.43,1.19] _— 1
Lanssens etal. 2018-1 17 86 75 215 151% 0.57 [0.36, 0.90] —_—
Pealing etal. 2019 38 102 13 52 13.2% 1.49[0.87, 2.54] -
Perryetal. 2018 22 108 20 58 13.7% 0.59 [0.35, 0.99] I —
Rayburn et al. 1985 6 33 5 34 51% 1.24 [0.42, 3.66]
Tucker et al. 2022 51 1209 51 1209 17.7% 1.00 [0.68, 1.46] .
Total (95% CI) 1829 1845 100.0% 0.89[0.68, 1.17] R e
Total events 225 249
Heterogeneity: Tau?= 0.07; Chi*=14.05, df= 6 (P = 0.03); F=57% é 2 045 % é
Test for overall effect: Z=0.81 (P=0.42) ’ ’ HBPM Control

Fig. 4 Forest plot of the analysis of preeclampsia

HBPM Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Kalafatetal. 2019 37 80 39 63 26.7% 0.75[0.55,1.01) —
Lanssens etal. 2018-1 28 86 100 215 3489% 0.70[0.50, 0.98) ——
Pealing etal. 2019 62 102 29 52 235% 1.09[0.82,1.45) -
Rhodes etal. 2017 19 51 24 43 15.0% 0.76 [0.48,1.20) I
Total (95% CI) 319 379 100.0%  0.81[0.69, 0.96] ©
Total events 146 192
Heterogeneity: Chi*=5.12, df=3(P=0.16); F= 41% t t t t t t
Test for overall effect: Z= 2.40 (P =0.02) 4 0.2 OSBPM Contrﬁl 4 0
Fig.5 Forest plot of the analysis of induction of labor
HBPM Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kalafatetal. 2019 45 80 35 63 B61.7% 1.01 [0.75,1.36]
Lanssens etal. 2018-1 25 84 78 211 383% 0.81[0.55,1.17] L
Pealing etal. 2019 63 102 20 52 0.0% 1.61[1.10,2.34)
Total (95% CI) 164 274 100.0% 0.93[0.74, 1.17] e
Total events 70 113
Heterogeneity: Tau®= 0.00; Chi*= 0.95, df=1 (P = 0.33); F= 0% 057 0%5 132 135
Test for overall effect: Z= 0.64 (P=0.52) : HBPM contrdl :
Fig. 6 Forest plot of the analysis of caesarian delivery
HBPM Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cairns etal. 2018 5 45 3 46  0.0% 1.70[0.43,6.71]
Hirshherg et al. 2018 0 103 4 103 336% 0.11[0.01, 2.04) =
Hoppe etal. 2020 1 214 8 214 66.4% 0.13[0.02,0.99] ——
Total (95% Cl) 317 317 100.0% 0.12[0.02, 0.65] e
Total events 1 12
Heterogeneity: Tau*= 0.00; Chi*= 0.00, df=1 (P = 0.95); F= 0% } t t }
Test for overall effect: Z= 2.46 (P =0.01) 0.005 0.1 HBPM Control 10 200

Fig. 7 Forest plot of the analysis of postpartum readmission
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HBPM Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chappell etal. 2022 0 208 1 207 01% 0.33[0.01,8.10] ¢ >
Kalafatetal. 2019 80 80 63 63  50% 1.00[0.97,1.03] .
Pealing etal. 2018 100 103 52 52  4.9% 0.98 [0.93,1.02) —
Rayhurn et al. 1985 30 33 K| 34 21% 1.00 [0.86,1.18]
Tuckeretal. 2022 1255 1260 1245 1248 87.9% 1.00[0.99, 1.00]
Total (95% Cl) 1684 1604 100.0% 1.00 [0.99, 1.00]
Total events 1465 1392
Heterogeneity: Chi*= 2.02, df=4 (P=0.73); F= 0% 0 :85 0:9 1?1 y 2=

Test for overall effect Z=1.10 (P = 0.27) HEBPM  Conftrol

Fig. 8 Forest plot of the analysis of live birth. Forest plot of the analysis of postpartum readmission

HBPM Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chappell etal. 2022 37.7 967 197 38 791 199 44% -0.30[-2.04,1.44)]
Denolle et al. 2008 38 1 40 37 8 40 2.4% 1.00 [-1.50, 3.50)
Fukushima et al. 2002 358 34 19 382 54 180 45% -2.40[4.12-0.68]
Kalafatetal. 2019 389 1.63 80 394 1.56 63 17.8%  -0.50[1.03,0.03] —]
Lanssens etal. 2018-1  37.53 2.77 86 36.77 364 215 13.3% 0.76 [-0.00,1.52) =
Pealing etal. 2019 374 336 102 37.77 238 52 11.0% -0.37[1.29,0.55] —
Perryetal 2018 39 2 108 393 192 58 159% -0.30[-0.92 032] il
Rayhurn et al. 1985 35 3 33 36 3 34 6.0% -1.00[244, 044] —
Tucker et al. 2022 39.27 1.71 1190 392 1.78 1185 24.8% 0.07 [0.07,0.21)

Total (95% CI) 1855 2026 100.0% -0.22[-0.62,0.19]
Heterogeneity: Tau*= 0.16; Chi*=19.83, df=8 (P=0.01), F=60%

N -

-2 2 4

'
=t

Test for overall effect: Z=1.05 (P = 0.29) HBPM Control

Fig. 9 Forest plot of the analysis of gestational age at delivery
HBPM Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Kalafatetal. 2019 1 80 2 63  4.0% 0.39[0.04, 4.24)

Lanssens etal. 2018-1 14 86 55 215 56.4% 0.64 [0.37,1.08] —

Pealing etal. 2019 9 102 4 52  95% 1.15[0.37, 3.55] S E—

Rayburn et al. 1985 21 33 17 34 301% 1.27 [0.83, 1.94) T

Total (95% CI) 301 364 100.0%  0.87[0.62, 1.21] <

Total events 45 78

Heterogeneity: Chi*=5.12, df=3 (P=0.16); F=41% :U 01 011 130 100:

Test for overall effect Z= 0.85 (P = 0.40) Favours [experimental] Favours [control]

Fig. 10 Forest plot of the analysis of preterm delivery

HBPM Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Denolle et al. 2008 3045 749 24 3571 421 24 16.8% -526.00[-869.75,-182.25) +——=———
Fukushima et al. 2002 2323 833 19 2943 819 180 14.7% -620.00[-1013.20,-226.80) ———
Kalafatetal. 2019 3,060.7 7791 80 3,236.7 5614 B3 229% -176.00 [-395.92, 43.92) —_—
Pealing etal. 2019 29295 854 102 30509 724 52 21.0% -121.40[-378.67,135.87) ——r
Perryetal. 2018 3,166.7 677 108 3,1653 5352 58 246% 1.40[1186.41,189.21] —
Total (95% Cl) 333 377 100.0%  -245.17 [-454.74, -35.60] R g
Heterogeneity: Tau®= 37311.09; Chi*=12.48, df= 4 (P = 0.01); F= 68% Sh0 250 ] 20 500

Test for overall effect: Z= 2.29 (P =0.02) HBPM Control

Fig. 11 Forest plot of the analysis of birth weight
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NICU admission (RR=1.00; 95% CI [0.84, 1.17], P=0.96),
and the results among the studies showed homogeneity
(P=0.38, I>=2%) (Fig. 14).

Adverse outcomes (%)

A total of four studies have investigated the risk for
adverse maternal, neonatal, and fetal outcomes [13, 25,
31, 33]. The comparative analyses revealed insignificant
differences between HBPM and office monitoring in the
risk of adverse events, and the results were homogenous
among the studies (Fig. 15).

i. Adverse maternal outcomes; (RR=0.57; 95% CI
[0.17,1.94], P=0.37,) (P=0.58, [2=0%).

Page 14 of 17

ii. Adverse neonatal outcomes; (RR=0.82; 95% CI
[0.29, 2.35], P=0.71,) (P=0.53, =0%).

Adverse fetal outcomes; (RR=1.06; 95% CI [0.64,
1.78], P=0.81,) (P=0.85, I>=0%).

iii.

Accuracy of HBPM measurements

When the measurements of mean arterial pressure from
one arm at the home were compared with those acquired
from the two arms in the office, no significant difference
was detected (P=87). This concludes that HBPM can be
considered as accurate as office monitoring. However,
women might get erroneous blood pressure readings in
their first measurement. Several automated methods

HBPM Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kalafatetal. 2019 5 80 4 63 258% 0.98 [0.28, 3.51)
Pealing etal. 2019 10 102 6 52 458% 0.85(0.33, 2.21)
Rayhurn et al. 1985 7 33 5 34 28.4% 1.44 [0.51, 4.09)
Total (95% CI) 215 149 100.0% 1.05[0.57, 1.94]
Total events 22 15

Heterogeneity: Chi*=0.55, df= 2 (P = 0.76);, F= 0%

Testfor overall effect Z= 0.16 (P = 0.87) 0 e g 1R
Fig. 12 Forest plot of the analysis of intrauterine growth restriction
HBPM Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kalafatetal. 2019 19 80 11 63 11.6% 1.36 [0.70, 2.65) —
Pealing etal. 2019 17 102 5 52  6.2% 1.73[0.68, 4.44] —
Tucker et al. 2022 104 1248 87 1235 82.2% 1.18[0.90, 1.55) t
Total (95% Cl) 1431 1350 100.0%  1.24[0.97, 1.58]
Total events 140 103
Heterogeneity: Chi*= 0.68, df=2 (P=0.71); F=0% t u + +
Test for overall effect: Z=1.71 (P = 0.09) DS Bia HBPM Control 9 a0
Fig. 13 Forest plot of the analysis of small for gestational age
HBPM Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chappell etal. 2022 56 208 52 207 21.9% 1.07[0.77,1.48] ——
Pealing etal. 2019 18 102 6 52  3.3% 1.53 [0.65, 3.62] —
Perryetal. 2018 12 108 11 58 6.0% 0.59[0.28,1.24) - —
Tucker et al. 2022 161 1248 163 1240 B68.7% 0.98 [0.80,1.20)
Total (95% Cl) 1666 1557 100.0%  1.00[0.84, 1.17]
Total events 247 232
Heterogeneity: Chi*= 3.07, df= 3 (P = 0.38); F= 2% 052 015 1 é é
Test for overall effect: Z= 0.05 (P = 0.96) ’ ' HBPM Control

Fig. 14 Forest plot of the analysis of neonatal intensive care unit admission
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HBPM Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.11.1 Adverse maternal outcome
Kalafatetal. 2019 1 80 1 63 18.3% 0.79([0.05, 12.34) i
Pealing etal. 2019 0 53 1 30 311% 0.19[0.01, 4.56) =
Perryetal. 2018 1 108 2 58 425% 0.27[0.02, 2.90) L
Rayhurn et al. 1985 1 33 0 34 8.1% 3.09([0.13,73.20)
Subtotal (95% Cl) 274 185 100.0%  0.57[0.17, 1.94] R
Total events 3 4
Heterogeneity: Chi*=1.99, df= 3 (P =0.58); F=0%
Test for overall effect. Z=0.90 (P = 0.37)
1.11.2 Adverse neonatal outcome
Kalafatetal. 2019 2 80 3 63 46.2% 0.53[0.08, 3.05) —T
Rayhurn et al. 1985 6 108 3 58 53.8% 1.07[0.28,4.14) T
Subtotal (95% Cl) 188 121 100.0%  0.82[0.29, 2.35]
Total events 8 6
Heterogeneity: Chi*= 0.40, df=1 (P=0.53), F=0%
Test for overall effect. Z=0.37 (P=0.71)
1.11.3 Adverse fetal outcome
Kalafatetal. 2019 6 80 4 63 19.7% 1.18[0.35, 4.01) —_—
Rayburn et al. 1985 27 108 14 58 80.3% 1.04 [0.58,1.82) t
Subtotal (95% Cl) 188 121 100.0% 1.06 [0.64, 1.78]
Total events 33 18
Heterogeneity: Chi*= 0.04, df=1 (P = 0.85); F=0%
Test for overall effect. Z=0.24 (P=0.81)
0.01 0.1 10 100

Test for subgroup differences: Chi*= 0.94, df=2 (P =0.63), F=0%

Fig. 15 Forest plot of the analysis of adverse outcomes

were suggested to detect and correct these possible initial
erroneous measurements [26].

Discussion

Home monitoring of blood pressure is a proposed prom-
ising alternative for office monitoring in the control of
HDP. This systematic review was primarily conducted to
investigate the efficacy and safety of HBPM. Fifteen stud-
ies (with a total of 5335 women enrolled) were included
in our quantitative synthesis, from which, only 14 studies
were eligible for quantitative synthesis. Our comparative
analysis revealed a superiority of HBPM over office mon-
itoring in regards to the risk of induction of labor, and
postpartum readmission (P=0.02, and 0.01 respectively).
Moreover, when birth weights were compared between
the two groups, a significant variation was detected in
favor of HBPM (P=0.02). In the analysis of other out-
comes, HBPM was equally effective as office monitoring.
Furthermore, maternal, neonatal, and fetal adverse out-
comes were not increased with HBPM.

Our study is an update of the previous meta-analysis
conducted by Kalafat et al. in 2020 [37]. Seven new stud-
ies were included in our update [23-26, 29, 34, 36], five
of which were included in the quantitative analysis [24,

HBPM Control

25, 29, 34, 36]. Our finding in reducing the risk of devel-
oping preeclampsia showed no variation between HBPM
and control, and this was inconsistent with that of Kala-
fat et al.,, with the results of two new studies added to
the pooled analysis [24, 36]. Results of two studies were
newly included in our quantitative synthesis on the risk
of induction of labor, and the pooled estimate remained
consistent with that of Kalafat et al. [25, 34]. In regards
to postpartum readmission, the results of a new study
were included in our analysis which changes the findings
from an insignificant difference in Kalafat et al. to a sig-
nificant reduction of the risk with HBPM in our analysis
[29]. Birth weight analysis is an analysis that was newly
added in our review which showed a significant prefer-
ence for HBPM over office monitoring. Several other
insignificant newly added outcomes in our review were
the percentage of live births and births small for gesta-
tional age in addition to the risk of caesarian delivery.
With results from new studies, our review updated the
analysis of weeks of gestation at delivery and the risk of
preterm delivery, intrauterine growth restriction, and
NICU admission. However, the pooled estimates of these
outcomes remained insignificant. Similarly, new studies
were included in the quantitative synthesis of the adverse
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maternal, neonatal, and fetal outcomes and the results
remained insignificant.

Home blood pressure monitoring appears to be a prom-
ising alternative to office monitoring. This statement can
be concluded from the superiority of HBPM over office
monitoring in some of the investigated outcomes, in addi-
tion to equal efficacy in the remaining outcomes. None
of the investigated outcomes showed the superiority of
office monitoring over HBPM. HBPM resulted in fewer
office visits with superior cost-saving properties. In addi-
tion to evaluating preexisting health issues, maternal
age, lifestyle variables, fetal malformations, and multiple
pregnancies, many other risk factors are considered while
thinking about lowering clinic visits during pregnancy.
The quantity and nature of antenatal care interactions a
pregnant woman require to ensure a healthy pregnancy
and lower the risk of perinatal fatalities can be affected by
several variables. However, it’s essential to develop differ-
ent modalities trying to lower the clinic visits during preg-
nancy, even for lower-risk pregnancies.

It was suggested previously that HBPM’s first meas-
ures might be erroneous, but several automated methods
were suggested as well to detect and correct these errors.
Some factors that can affect the accuracy and reliability of
HBPM include morning BP, evening BP, and the morning-
evening difference [38]. It is also recommended to exclude
the first-day home BP values as they might be erroneous
[39]. There are also some automated methods for measur-
ing blood pressure in the office setting, such as automated
office BP measurement (AOBPM), which involves using a
fully automated device by the patient in a quiet room sep-
arate from the office staff. However, AOBPM can also be
prone to human errors if not performed correctly [40].

This alternative approach for HDP control could be
considered safe also, as HBPM did not result in any sig-
nificant maternal, neonatal, or fetal adverse outcomes.
Our study was strengthened by the increased number
of the included studies and enrolled women in compari-
son with the previous review. These studies were of dif-
ferent designs; some of the studies were observational
but the majority were clinical trials that provide highly
trusted evidence. Moreover, the overall quality of the eli-
gible studies in this review was good, with a low risk of
bias. In addition, our review has the advantage of study-
ing women in both pre and postpartum periods. How-
ever, regarding our study’s limitations, the random effect
model in our analysis of heterogeneous outcomes might
limit the risk of getting erroneous significant results.
A sensitivity analysis was conducted in some of those
heterogeneous results to solve heterogeneity. We could
not assess the postpartum outcomes separately due to
the limited data in the included studies. Also, the issue
of varied outcomes may be due to the age and different
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settings of the studies, monitors, and systems employed.
Therefore, larger-scale multicenter RCTs are needed to
resolve these limitations.

Conclusion

Monitoring blood pressure at home is a promising alter-
native to office monitoring for the control of HDP. This
alternative approach showed superiority in reducing
the risk of induction of labor, and postpartum readmis-
sion, as well as improving birth weight. In all of the other
investigated outcomes, HBPM was equally effective as
office monitoring. In addition, HBPM was safe for moth-
ers, neonates, and fetuses.
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