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Abstract

Background: The World Health Organization (WHO) recommends self-monitoring of blood pressure (SMBP) for
hypertension management. In addition, during the COVID-19 response, WHO guidance also recommends SMBP
supported by health workers although more evidence is needed on whether SMBP of pregnant individuals with
hypertension (gestational hypertension, chronic hypertension, or pre-eclampsia) may assist in early detection of
pre-eclampsia, increase end-user autonomy and empowerment, and reduce health system burden. To expand the
evidence base for WHO guideline on self-care interventions, we conducted a systematic review of SMBP during preg-
nancy on maternal and neonatal outcomes.

Methods: We searched for publications that compared SMBP with clinic-based monitoring during antenatal care.
We included studies measuring any of the following outcomes: maternal mortality, pre-eclampsia, long-term risk and
complications, autonomy, HELLP syndrome, C-section, antenatal hospital admission, adverse pregnancy outcomes,
device-related issues, follow-up care with appropriate management, mental health and well-being, social harms,
stillbirth or perinatal death, birthweight/size for gestational age, and Apgar score. After abstract screening and full-
text review, we extracted data using standardized forms and summarized findings. We also reviewed studies assessing
values and preferences as well as costs of SMBP.

Results: We identified 6 studies meeting inclusion criteria for the effectiveness of SMBP, 6 studies on values and pref-
erences, and 1 study on costs. All were from high-income countries. Overall, when comparing SMBP with clinic-mon-
itoring, there was no difference in the risks for most of the outcomes for which data were available, though there was
some evidence of increased risk of C-section among pregnant women with chronic hypertension. Most end-users
and providers supported SMBP, motivated by ease of use, convenience, self-empowerment and reduced anxiety. One
study found SMBP would lower health sector costs.

Conclusion: Limited evidence suggests that SMBP during pregnancy is feasible and acceptable, and generally
associated with maternal and neonatal health outcomes similar to clinic-based monitoring. However, more research is
needed in resource-limited settings.
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Background

Hypertensive disorders of pregnancy affect approximately
10% of pregnant individuals globally, and are among the
leading causes of pregnancy-related mortality and mor-
bidities for women, adolescent girls, and their newborns,
particularly in low and middle-income countries (LMICs)
[1-3]. Hypertension in pregnancy can also lead to long-
term health conditions such as development of chronic
hypertension and is associated with pre-eclampsia, which
can result in a range of morbidities in newborns, includ-
ing low birth weight and respiratory distress syndrome
[4—6]. Early antihypertensive treatment and timely
delivery can prevent morbidity and potentially mortal-
ity [7]. Improving management of hypertension during
pregnancy is thus an essential aspect of quality care for
maternal and neonatal health.

Despite many interventions implemented in LMICs
to improve maternal and child health over the past sev-
eral decades, unfavorable health outcomes persist [8, 9].
Increased access to and use of high-quality health care
during pregnancy and childbirth remains a priority pub-
lic health goal, and identifying cost-effective interven-
tion strategies is critical in resource-limited settings [10].
Innovative strategies to improve antenatal care manage-
ment, including through self-care interventions, have the
potential to improve the health outcomes of pregnant
individuals and their newborns [11].

Routine antenatal care contacts generally include blood
pressure measurement, but blood pressure changes may
be missed between contacts. Self-monitoring of blood
pressure (SMBP), a strategy in which people take a more
active role in their own health care by measuring their
own blood pressure [12], may be particularly useful in
settings where access to and resources for conventional
antenatal care are limited. SMBP has also been referred
to as home blood pressure monitoring (HBPM), which
focuses on the setting instead of the individual taking the
measurement. Among the general hypertensive popula-
tion, the evidence for the efficacy and feasibility of HBPM
has been associated with improved hypertension control
compared to clinic-based monitoring [13-15], though
its impact depends on the specific outcomes that were
assessed [16]. A recent review found that SMBP had lim-
ited impact on blood pressure control in the general pop-
ulation, unless accompanied by certain co-interventions
[17]. However, less is known about SMBP specifically for
pregnant individuals and their newborns [18]. Two recent
reviews reported mixed benefits of HBPM compared to

clinic-based monitoring for multiple maternal and neo-
natal outcomes among pregnant and postpartum indi-
viduals [19, 20], suggesting that home-based monitoring
may be as effective as receiving provider-administered
care.

We conducted this systematic review in the context
of expanding the evidence base of the WHO guide-
lines on self-care interventions for health [21], which
include existing WHO recommendations on self-care
interventions during pregnancy, childbirth and post-
natal care [22, 23]. SMBP is recommended by WHO
for the management of hypertension in appropriate
patients where the affordability of the technology has
been established [21, 24]. Self-monitoring of hyper-
tensive disorders of pregnancy (including individu-
als with pregnancy-induced hypertension/gestational
hypertension, chronic hypertension, or pre-eclampsia)
has been identified as a priority topic for expanding
the evidence-base on self-care interventions. Building
upon WHO recommendations on the prevention and
treatment of pre-eclampsia and eclampsia, this system-
atic review also included considerations for support to
pregnant individuals during health emergencies such as
the COVID-19 pandemic [25].

Methods

This review addressed the following question: Should
SMBP among individuals with hypertensive disorders of
pregnancy be made available in addition to clinic check-
ups? We reviewed the extant literature in three areas
relevant to this question: (1) effectiveness of the interven-
tion, (2) values and preferences of end-users and provid-
ers, and (3) cost information. We included all three of
these areas because they are components of the evidence-
based process used to inform WHO guideline develop-
ment [26]. We followed Preferred Reporting Items for
Systematic review and Meta-Analysis (PRISMA) guide-
lines [27] and registered the protocol on the International
Prospective Register of Systematic Reviews (PROSPERO
registration number CRD42021233839). Ethical approval
was not required for this systematic review, since all data
came from published articles.

Effectiveness review inclusion criteria
We designed the effectiveness review according to PICO
format as follows:
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+ Population: Pregnant individuals with hyperten-
sion (gestational hypertension, chronic hyperten-
sion, and pre-eclampsia)

+ Intervention: Self-monitoring of blood pressure
(either by the pregnant individual or by another
layperson, such as a family member)

+ Comparison: Clinic blood pressure monitoring by
health care providers during antenatal care (ANC)
contacts only

+ Outcomes:

« Maternal outcomes:

1. Maternal mortality or near-miss
Eclampsia or pre-eclampsia (for those
without pre-eclampsia prior to entering
the study)
3. Long-term risk or complications: stroke,
cardiovascular outcomes, chronic kidney
(renal) disease, or chronic hypertension
Autonomy (measured by self-efficacy, self-
determination, empowerment)
HELLP syndrome
Cesarean section
Antenatal hospital admission
Adverse pregnancy outcomes: spontane-
ous abortion, premature rupture of mem-
branes, placental abruption
9. Device-related issues (e.g. test failure,
problems with manufacturing, packaging,
labelling, or instructions for use)
10. Follow-up care with appropriate manage-
ment
11. Mental health and well-being (e.g. anxiety,
stress, self-harm)
12. Social harms: stigma, discrimination, inti-
mate partner violence

-~

o N

« Fetal/neonatal outcomes:

1. Stillbirth or perinatal death
2. Birthweight and size for gestational age
3. Apgar score

To be included in the review, an article must have:
(1) had a study design that compared SMBP among
pregnant individuals with hypertension at home or
outside the clinic setting to only during ANC by a
health care provider, including randomized controlled
trials, non-randomized controlled trials, and com-
parative observational studies (including prospective
controlled cohort studies, retrospective controlled
cohort studies, cross-sectional studies, controlled
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before-after studies and interrupted time series) that
compare individuals who received the intervention to
those who did not, (2) measured one or more of the
above outcomes, and (3) been published in a peer-
reviewed journal.

There are many different categories and definitions of
hypertensive disorders in pregnancy, which vary across
national medical societies and organizations [28]. For
the purposes of this review, we included any study that
presented data for pregnant individuals with hyperten-
sion, no matter how it was defined; however, we carefully
reviewed definitions used to ensure comparability when
comparing results across studies.

We defined SMBP as monitoring of blood pressure
either by the pregnant individual or by another layper-
son, such as a family member, in which the measure-
ment is initiated by the lay user (whether or not the
sphygmanometer was automatic) and the blood pres-
sure data is recorded and/or reviewable by the lay user
prior to or at the same time as the provider (whether
on paper or electronically). We excluded ambulatory
blood pressure monitoring [29], wherein users typi-
cally wear a monitor on their upper arms for 24 hours
of measurement, and telehealth [30], where end-users
may not have the ability to independently record or
review their blood pressure measurements without
concurrent interaction with a health provider through
a mobile or online app.

We did not restrict study inclusion on the basis of
language or intervention location. Articles in English,
French, Spanish, and Chinese were coded directly; arti-
cles in other languages were translated.

Search strategy and screening

We searched four electronic databases (PubMed,
CINAHL, LILACS and EMBASE) through the search date
of November 9, 2020 using the following search string
(designed for PubMed and adapted for each database):

(“blood pressure” [mesh] OR hypertension [mesh] OR
“Blood Pressure Monitoring, Ambulatory” [mesh]
OR hypertension [tiab] OR hypertensive [tiab] OR
PIH [tiab] or “blood pressure” [tiab] OR pre-eclamp-
sia [tiab] or bp [tiab])

AND

(pregnancy [Mesh] OR pregnancy [tiab] OR preg-
nant [tiab] OR peri-natal [tiab] OR perinatal [tiab]
OR antenatal [tiab] OR maternal [tiab])

AND
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(“self care’[Mesh] OR ‘self-care’[tiab] OR ‘self-
monitoring’[tiab] OR ‘self-management’[tiab] OR
“self-monitor’[tiab] OR “self-manage’[tiab] OR
“self-monitored’[tiab] ~OR  ‘self-managed’[tiab]
OR  ‘self-evaluation”[tiab] OR  ‘self-test’[tiab]
OR  ‘self-testing’[tiab] OR  “home’[tiab] OR
“pharmacy’[tiab])

We further searched for ongoing randomized con-
trolled trials (RCTs) through clinicaltrials.gov, the WHO
International Clinical Trials Registry Platform, the
Pan African Clinical Trials Registry, and the Australian
New Zealand Clinical Trials Registry. In addition, we
searched the Cochrane Database of Systematic Reviews
for related reviews. Secondary reference searching was
also conducted on all studies included in the review and
relevant reviews. Finally, selected experts in the field
were contacted to identify additional articles not identi-
fied through other search methods.

Titles, abstracts, citation information, and descriptor
terms of citations identified through the search strategy
were screened by a member of the study staff. Full-text
articles were obtained of all selected abstracts, and two
independent reviewers assessed all full-text articles for
eligibility to determine final study selection. Differences
were resolved through consensus.

Data management and analysis

Two reviewers independently abstracted data using
standardized forms. Differences in data extraction were
resolved through consensus and referral to a senior study
team member from WHO as necessary. We gathered
the following information from each article: study iden-
tification (authors, type of citation, year of publication),
study description (study objectives, location, population
characteristics, type and definition of hypertension, type
of blood pressure apparatus, individual taking the blood
pressure at home, description of any additional interven-
tion components such as any education, training, support
provided, study design, sample size, follow-up periods,
and loss to follow-up), and outcomes (analytic approach,
outcome measures, comparison groups, effect sizes, con-
fidence intervals, significance levels, conclusions, study
limitations).

For RCTs, risk of bias was assessed using the Cochrane
Collaboration’s tool for assessing risk of bias [31]. For
studies that were not randomized trials but were compar-
ative, study rigor was assessed using the Evidence Project
8-item checklist for intervention evaluations [32].

Data were analyzed according to coding categories and
outcomes. Where there were multiple studies reporting
the same outcome, meta-analysis was conducted using
random-effects models to combine risk ratios (RRs) or
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mean differences (MDs) with the program Comprehen-
sive Meta-Analysis (CMA). For each PICO outcome
category, data were summarized in a GRADE Evidence
Profile table using GRADEPro, prioritizing RCT data
over observational data where available.

Where possible, we planned to stratify all analyses by
the following categories/subgroups: form of hyperten-
sion during pregnancy (gestational hypertension, chronic
hypertension, and pre-eclampsia), prior risk of hyper-
tension, age (adolescent girls and young adults of ages
10-14, 15-19, and 15-24, and women of ages 25+), type
of blood pressure (BP) monitor, vulnerabilities (i.e. obe-
sity, poverty, disability, rural/urban, literacy/educational
level), and high-income versus low or middle-income
countries.

Complementary reviews

We conducted complementary reviews to examine the
values and preferences of end-users and providers and
costs related to SMBP. We used the same search strat-
egy to identify studies to be included in these reviews.
These studies could have been qualitative or quantita-
tive in nature, but had to present primary data collection;
think pieces and review articles were not included. We
summarized this literature qualitatively and organized
findings by study design and methodology, location, and
population.

Values and preferences review

We focused on studies examining the values and prefer-
ences of pregnant individuals who expressed willingness
to self-manage their blood pressure (including non-
hypertensive individuals) and were able to accurately
record and report blood pressure measurements to their
healthcare provider. Given the growing use of remote
patient monitoring and web/app-based health services
[33], we included studies involving telehealth. We also
included studies examining the values and preferences of
healthcare providers, including their willingness to trust
their clients. We considered issues related to age of avail-
ability, informed decision-making, coercion and seeking
redress in this section.

Cost review

We included studies in this review if they presented pri-
mary data comparing costing, cost-effectiveness, cost-
utility, or cost-benefit of the intervention and comparison
listed in the PICO question above, or if they presented
cost-effectiveness of the intervention as it related to the
PICO outcomes listed above. This included both cost to
the health system and cost to the end-user. Cost literature
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was classified into four categories: health sector costs,
other sector costs, patient/family costs, and productivity
impacts.

Patient and public involvement

Feedback on the review protocol and analysis was
received from the WHO patient safety working group.
Patients were involved in a global survey of values and
preferences conducted to inform the WHO guideline
on self-care interventions and play a role in the overall
recommendation informed by this review.

Results

Our database search yielded 2598 records, and we identi-
fied another 34 through hand- and secondary searching
(Fig. 1). Of the 1794 unique records, we retained 91 for
full-text review. Ultimately, we included 6 studies in the

effectiveness review [34-39], 7 studies (reported in 8 arti-
cles) in the values and preferences review [40-49], and 1
study in the cost review [50].

Effectiveness review
Overall, 6 studies met the inclusion criteria for the effec-
tiveness review [34—39]. Table 1 presents descriptive data
for the 1 RCT and 5 observational studies. To assess the
highest-certainty evidence for each PICO outcome cate-
gory, we included RCT data in the GRADE Evidence Pro-
file (Table 2) when available, and where RCT data were
not available, we included data from observational stud-
ies. Given the small number of studies presenting out-
come data, no further stratifications from our a priori list
were possible.

One small feasibility RCT among 154 pregnant
women with chronic or gestational hypertension
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without pre-eclampsia at four health centers in the UK
(OPTIMUMS-BP) compared SMBP with usual care from
December 2015 to December 2017 [37]. This study was
classified as low risk of bias for all outcomes; though par-
ticipant and provider blinding was not possible given the
nature of the intervention (potential detection bias), the
clinical outcomes measured by this trial were unlikely to
have been affected by lack of blinding. This RCT reported
on several maternal and neonatal outcomes of interest:
pre-eclampsia, c-section, antenatal hospital admission,
stillbirth or perinatal death, and birthweight/size for ges-
tational age.

Two observational studies at the same hospital in
the UK, one case-control among pregnant women
with gestational hypertension [38] and one prospec-
tive cohort among pregnant women with chronic
hypertension, gestational hypertension, or high risk
of developing pre-eclampsia [36], examined mater-
nal adverse events, comparing between SBMP and
routine ANC. These studies were also judged to have
low risk of bias. Three additional observational stud-
ies were not included in the GRADE Evidence Profile
because they reported the same outcomes as the RCT
[34, 35, 39].

Eclampsia or pre-eclampsia

Comparing between individuals who self-monitored
blood pressure and those who had their BP measured
during routine ANC, the single RCT found no statisti-
cally significant difference in pre-eclampsia rate among
pregnant individuals with either chronic (RR: 2.15, 95%
confidence interval (CI): 0.89-5.17) or gestational (RR:
0.84, 95% CI: 0.42-1.69) hypertension [37]. This was
graded as low-certainty evidence because of the small
sample size and because the 95% confidence interval for
relative risk crossed 1 and included the potential for both
appreciable benefit or appreciable harm.

Cesarean section

The RCT found that SMBP was associated with higher
C-section rates among pregnant individuals with chronic
hypertension compared to clinic monitoring (RR: 2.01,
95% CI: 1.22-3.30, moderate certainty — downgraded
for very small sample size), but there was no difference
between SMBP and clinic monitoring among participants
with gestational hypertension (RR: 0.86, 95% CI: 0.55—
1.34) [37]. This was graded as low-certainty evidence for
the same reasons as the previous outcome.

Antenatal hospital admission

The RCT found no difference between SMBP and clinic
monitoring on antenatal hospital admissions, for preg-
nant individuals with either chronic or gestational
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hypertension. This was considered low-to-moderate cer-
tainty evidence because of the very small sample size and
very rare or non-existent events (in some groups, there
were no records of admission to the hospital inpatient
intensive therapy unit) [37].

Adverse pregnancy outcomes

Two observational studies found no difference between
SMBP and clinic monitoring on maternal morbidity, as
measured with composite maternal adverse outcomes
among pregnant individuals with gestational hyperten-
sion (RR: 0.79, 95% CI: 0.05-12.34) [36] or among preg-
nant individuals with chronic hypertension, gestational
hypertension, or high risk of developing preeclamp-
sia (RR: 0.27, 95% CI: 0.02-2.90) [38]. This was graded
as very low certainty evidence because the number of
events in both groups was very small (very rare events,
despite reporting a composite outcome of many types of
maternal adverse events combined) and because of the
very small sample size.

Stillbirth or perinatal death

The RCT showed no difference between SMBP and
clinic monitoring of BP on stillbirth or perinatal death.
This was considered low-to-moderate certainty evidence
because of the very small sample size and very rare (or
non-existent) events in one or both arms [37].

Birthweight / size for gestational age

The RCT showed that SMBP was associated with lower
birthweight (MD: -300.2, 95% CI: —690.7-90.2) and a
higher rate of infants being born small for gestational age
(RR: 4.53, 95% CI: 0.59-34.48) among pregnant individu-
als with chronic hypertension compared with clinic mon-
itoring, though these associations were not statistically
significant [37]. The associations were similarly non-sig-
nificant for those with gestational hypertension (MD in
birthweight: 54.2, 95% CI: -341.7-450; RR for being born
small for gestational age: 1.01, 95% CI: 0.35-2.93) [37].
This was graded as low-certainty evidence for the same
reasons as the pre-eclampsia outcome.

Other outcomes of interest

No quantitative comparative data were identified from
either RCTs or observational studies related to maternal
mortality or near-miss; long-term term risk or complica-
tions (e.g. stroke, cardiovascular outcomes, chronic kidney
(renal) disease, or chronic hypertension); autonomy (meas-
ured by self-efficacy, self-determination, empowerment);
HELLP syndrome; device-related issues; follow-up care
with appropriate management; mental health and wellbe-
ing (e.g. anxiety, stress, self-harm); social harms (e.g. stigma,
discrimination, intimate partner violence); or Apgar score.
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Values and preferences review

Seven studies reported in 8 articles [40-47] conducted in
North America, Europe, and Oceania (all high-income coun-
tries) provided values and preferences data on SMBP for
pregnant individuals with hypertensive disorders (Table 3).
Two of these studies also reported data on providers’ per-
spectives [40, 46]. In terms of study design, 4 were quantita-
tive studies, 3 were qualitative, and 1 was mixed methods; all
employed non-probability facility-based sampling methods
for participant recruitment.

Overall, most end-users found SMBP highly satisfac-
tory or acceptable. In fact, when end-users were specifi-
cally asked whether they would recommend SMBP to
others in the SAFE@HOME study, almost all (especially
multiparous women) reported that they would [42, 47].
For end-users, reasons for liking SMBP included the
technical ease of use [43] and convenience of the device
while conducting daily activities [41, 42]. There was some
variation in end-users’ perception of ease of use; one
study found that a certain brand and model of the device
used for SMBP was perceived to be uncomfortable and
noisy [45].

Reasons for liking SMBP went beyond the technical
qualities of the self-monitoring device. For many end-
users, SMBP reduced anxiety about their health during
pregnancy; those who reported history of preeclamp-
sia felt that self-monitoring allowed them to have more
accurate and up-to-date information on their own health
[41]. Women also reported feeling reassured when the
SMBP device confirmed their BP status as “normal” [42].
In addition, SMBP was seen as helpful for encourag-
ing healthy pregnancy-related behaviors [43]. End-users
widely agreed that SMBP was beneficial and conducive to
decreased stress during pregnancy, and they appreciated
the reduction in frequency of care visits [42, 44].

End-users also noted SMBP for its role in facilitating
self-empowerment. The practice of SMBP created the
impression that they were taking a greater role in self-
care as related to blood pressure, pregnancy, and health
[42] through taking initiative in using the device [45], and
the resulting sense of empowerment helped to alleviate
anxiety [44]. Despite SMBP reducing the number of care
visits, many patients whose SMBP devices enabled them
to communicate with their providers (i.e. through apps
for remote monitoring and telehealth) felt even more
connected to their care team [43]. Generally, women
agreed that they would continue to use SMBP themselves
and recommend others to do the same [42, 47].

Two studies in the Netherlands and the UK reported
values and preferences surrounding SBMP from the
provider perspective [40, 41, 46]. Healthcare providers
generally approved of SMBP, though with several con-
cerns. The most frequently mentioned advantages of this
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strategy were improved patient comfort and reductions
in emotional burden of admission, as well as better rest/
less stress, increased patient autonomy, satisfaction, and
safety, and decreased over-medicalization during preg-
nancy. However, clinicians stressed that the practice may
be vulnerable to inaccurate and unreliable BP measure-
ments, whether related to technical issues or inability to
follow instructions/conduct monitoring at home, leading
to a false sense of security, and that end-users should be
educated on how to responsibly react to abnormal BP.
Some expressed worries about device security issues.
Moreover, clinicians opined that SMBP may not be popu-
lar for care teams since self-monitoring would shift the
responsibility for healthcare to individuals, which may
lead to delays in providing care during emergencies or
acute problems, curtailed direct communication/patient
assessments with the consulting gynecologist, or other
cost/reimbursement issues.

Cost review

One study in the UK assessed the cost-minimization of
HBPM (likely performed by the end-user at home, but
not specified by the study authors) among hypertensive
pregnant women using an automated BP machine linked
to paper notes or smartphone app [50]. In terms of direct
costs for the health system, authors found a mean cost
savings per week per patient using HBPM compared
with traditional BP monitoring at maternity outpatient
hospital visits was £200.69, which increased to £286.53
when using a smartphone application instead of a diary
to record the blood pressure readings and clinical symp-
toms, and receive feedbacks. When using process mode-
ling for the health system, they predicted a weekly savings
of £98.32—£245.80 per patient, depending on the number
of outpatient visits (visit cost included: midwife, doc-
tor, blood tests, and fetal cardiotocography). In a second
modeling scenario, if hospital admission were needed to
initiate treatment, costs were similar for HBPM and tra-
ditional monitoring, but these incidents were anticipated
and modeled to be infrequent occurrences, leading to
significant cost savings.

Discussion

Compared with clinic BP monitoring, SMBP was associ-
ated with twice the rate of C-section among individuals
with chronic hypertension but no difference in C-section
among individuals with gestational hypertension. How-
ever, the overall certainty of this evidence is low, due to
small sample size, few events, and wide Cls, so it remains
unclear whether SMBP changes the risk of C-section
compared with BP monitoring during routine ANC vis-
its. No other associations between SMBP and outcomes
of interest were observed for pregnant individuals with
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any type of hypertension (chronic hypertension, gesta-
tional hypertension, or high risk of pre-eclampsia). Most
end-users found SMBP highly satisfactory or acceptable
and cited various factors including the device’s ease of
use, convenience, and ability to help them feel empow-
ered as reasons for liking self-monitoring. SMBP was also
found to incur significant cost savings compared to usual
care, due in part to fewer clinic visits.

Insufficient research on SMBP among pregnant
individuals with hypertension has been conducted in
LMICs. All our included studies were conducted in
high-income countries. However, studying the health
implications of SMBP for pregnant women with hyper-
tensive disorders is of particular importance in LMICs.
Pre-eclampsia is the world’s second leading cause of
direct maternal death [51], and management of hyper-
tension in LMICs could be improved [52]. In resource-
limited settings, including in humanitarian crises or
during pandemics like COVID-19, workable strategies
for prevention, maintenance, and early intervention are
needed for pregnant individuals [51].

A 2020 Cochrane review examining settings and tech-
niques for monitoring blood pressure during pregnancy
[18] identified the same feasibility RCT [37] we did.
Another review found that HBPM significantly reduced
the odds of preeclampsia and prenatal hospital admis-
sion relative to clinic-based monitoring for pregnant
women [20]. The differences between these reviews’
findings and ours are likely due to differences in the
characteristics of the study populations: our review was
restricted to pregnant women with hypertension, while
these reviews included all pregnant women.

Multiple strategies for blood pressure monitoring
exist, including ambulatory blood pressure monitoring
(ABPM) or recording a person’s blood pressure at differ-
ent intervals over a 24-hour period [29]. A recent RCT
found no statistically significantly difference in blood
pressure measurements between 24-hour ABPM and
clinic-monitoring [53], suggesting that the former may
be just as effective as the latter. However, this model
of blood pressure monitoring may be more feasible in
high-income countries, given the infrastructure needed
to support remote/mobile monitoring from home,
such as internet access or publicly accessible Bluetooth
and Wireless connections [54]. A recent review found
ABPM utilization in just 36% of LMICs [55]. Potential
reasons for low uptake include rejection by end-users
because of the device disrupting sleep, higher initial
cost versus other modes of SMBP like automated sphyg-
momanometers, end-users having to overcome the bur-
den of transporting the devices, and the lack of formal
training for clinicians with ABPM in many settings [55].
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A viable alternative is SMBP, with or without the sup-
port of a mobile health (mHealth) or telehealth compo-
nent. Hodgkinson et al. recently published a review on the
optimal SMBP schedule [56]. mHealth is already widely
used in the high-income countries (e.g. smartphone appli-
cations) and is gaining pace in LMICs (e.g. SMS) for its
utility in managing a variety of conditions, providing clini-
cal support to patients, and easing health system burden
by preventing unnecessary clinic visits [30, 57]. With high
and growing mobile phone ownership globally, mHealth-
based SMBP has the potential to be an effective, accepta-
ble, and cost-saving tool for monitoring hypertension [58,
59] and improving obstetric outcomes [60].

The growth of the digital health field — and technol-
ogy’s role in health — may provide opportunities to
expand the use of certain SMBP approaches, especially
in low-resource settings. WHO has made progress in
classifying the various types of digital health interven-
tions, one of which is personal health tracking including
self-monitoring of health or diagnostic data by clients.
While some innovative technologies may be more suit-
able for low-resource settings [61], future work should
continue to investigate which digital technologies can
facilitate accurate and more consistent BP measure-
ments in LMICs. In an effort to build capacity and sup-
port to countries to use digital technologies for the
delivery of evidence-based healthcare and health prac-
tices, WHO has started producing guidelines to facilitate
the implementation of WHO guidelines and recommen-
dations in the digital age [62].

Furthermore, there are several types of devices that can
be used to measure BP. These devices can be manual/
analogue or automated/electric, and each type of device
presents a range of benefits and challenges for health
workers as well as lay people. In general, manual devices
are not recommended and are being phased out because
of environmental concerns, need for frequent calibration
to maintain measurement accuracy, and inaccurate BP
measurements. Instead, automated devices are preferred
and recommended, as they may produce more accurate
and consistent measurements [29]. In all settings, good-
quality, validated devices need to be available to pro-
vide accurate BP measurements. However, low-resource
settings may face particular challenges with acquiring,
properly maintaining and calibrating these devices, and
ensuring their appropriate use.

This review has a number of strengths. We conducted a
comprehensive search across multiple databases as well
as a hand search and secondary search. We also rigor-
ously assessed the methodological quality of studies and
examined not only the effectiveness of SMBP compared to
monitoring during ANC but also its acceptance by pregnant
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individuals and providers and costing. Through this process,
we found that SMBP is generally not associated with poorer
maternal or neonatal health outcomes, that pregnant indi-
viduals and providers generally supported use of SMBP, and
that SMBP could be cost-saving for a health system.

This review also had several limitations. First, our defi-
nition of SMBP was very specific. We excluded ambula-
tory monitoring and remote/telemonitoring from our
effectiveness review because these methods put the pri-
mary responsibility for health monitoring on the provider,
bypassing the person-centered focus of self-care. Second,
the evidence base for our effectiveness, values and pref-
erences, and cost reviews was limited: small sample sizes
precluded our ability to reveal any effect on SMBP on
maternal and perinatal outcomes of interest like stillbirth,
and our findings came exclusively from high-income set-
tings. Future research should examine the ramifications
of implementing SMBP in resource-limited settings.
Included studies did not provide details on the health lit-
eracy assessment of participants, though a few mentioned
educational level or general language competency, so fur-
ther research could investigate the feasibility, acceptability,
and impact of this strategy for end-users of varying health
literacy levels. Of note, the included studies all occurred
prior to significant changes in prenatal care delivery dur-
ing the COVID-19 pandemic. It is possible that in the con-
text of increased familiarity with both remote monitoring
and self-management of chronic disease [63], providers
and patients would have different attitudes, knowledge and
potential use cases for SMBP during pregnancy. Finally,
the included studies do not specifically address potential
benefits of SMBP postpartum. A current focus of post-
partum quality improvement efforts in the US includes
improved ascertainment and treatment of hypertension
after delivery [64]. We were unable to assess the impact of
SMBP on outcomes after the delivery such as morbidity,
hospital readmission, and unplanned care utilization.

Using the evidence from this review and discussion
among the guideline development group, the WHO Con-
solidated guideline on self-care interventions for health
and well-being published in 2021 included the following
recommendation: “WHO suggests making the self-moni-
toring of blood pressure during pregnancy available as an
additional option to clinic blood pressure monitoring by
health workers during antenatal contacts only, for indi-
viduals with hypertensive disorders of pregnancy. (Condi-
tional recommendation; very low certainty evidence)” [65].

Conclusion

SMBP is commonly available, especially in high-income
settings, and generally accepted by end-users and health
workers, suggesting its feasibility as an additional option
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for monitoring blood pressure during the antenatal
period for pregnant individuals with hypertension. This
review of the existing limited literature suggests that
SMBP can be a cost-effective approach to expanding
health services to the end-user with similar outcomes as
receiving typical care from ANC, but more research is
needed in low-resource settings.
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