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IMPORTANCE Inadequate management of elevated blood pressure (BP) is a significant
contributing factor to maternal deaths. Self-monitoring of BP in the general population has
been shown to improve the diagnosis and management of hypertension; however, little is
known about its use in pregnancy.

OBJECTIVE To determine whether self-monitoring of BP in higher-risk pregnancies leads to
earlier detection of pregnancy hypertension.

DESIGN, SETTING, AND PARTICIPANTS Unblinded, randomized clinical trial that included 2441
pregnant individuals at higher risk of preeclampsia and recruited at a mean of 20 weeks’
gestation from 15 hospital maternity units in England between November 2018 and October
2019. Final follow-up was completed in April 2020.

INTERVENTIONS Participating individuals were randomized to either BP self-monitoring with
telemonitoring (n = 1223) plus usual care or usual antenatal care alone (n = 1218) without
access to telemonitored BP.

MAIN OUTCOMES AND MEASURES The primary outcome was time to first recorded
hypertension measured by a health care professional.

RESULTS Among 2441 participants who were randomized (mean [SD] age, 33 [5.6] years;
mean gestation, 20 [1.6] weeks), 2346 (96%) completed the trial. The time from
randomization to clinic recording of hypertension was not significantly different between
individuals in the self-monitoring group (mean [SD], 104.3 [32.6] days) vs in the usual care
group (mean [SD], 106.2 [32.0] days) (mean difference, −1.6 days [95% CI, −8.1 to 4.9];
P = .64). Eighteen serious adverse events were reported during the trial with none judged
as related to the intervention (12 [1%] in the self-monitoring group vs 6 [0.5%] in the
usual care group).

CONCLUSIONS AND RELEVANCE Among pregnant individuals at higher risk of preeclampsia,
blood pressure self-monitoring with telemonitoring, compared with usual care, did not lead
to significantly earlier clinic-based detection of hypertension.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03334149
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E levated blood pressure (BP) has been estimated to affect
approximately 10% of pregnancies worldwide and 18
million pregnancies worldwide in 2019.1,2 In the UK, in-

adequate management of elevated BP has previously been re-
ported as a significant contributing factor to maternal deaths.
Although maternal deaths related to high BP have reduced in
the UK in recent years, preeclampsia remains important due
to its influence on maternal and perinatal outcomes.3,4 Indi-
viduals who are at higher risk of preeclampsia due to risk fac-
tors such as age, high body mass index, or existing medical con-
ditions may require more frequent monitoring.5 Blood pressure
can increase rapidly in pregnancy, and hypertension may go
undetected between antenatal visits.6

Self-monitoring of blood pressure (SMBP), which involves
self-measurement of BP outside of the clinical setting, is now
commonplace and effective at detecting and lowering BP in
nonpregnant adults with hypertension.7-9 Self-monitoring dur-
ing pregnancy has been limited to small and mostly nonrandom-
ized feasibility studies, often without validated BP monitors.10,11

Low study quality and heterogeneity limit the conclusions
that can be drawn from such studies, but initial results suggest
reduced morbidity and resource use, acceptability for individu-
als and their clinicians, and feasibility.10-13

The Blood Pressure Monitoring in High Risk Pregnancy to
Improve the Detection and Monitoring of Hypertension
(BUMP 1) trial aimed to establish whether SMBP with tele-
monitoring, in addition to usual care, could lead to earlier
detection of elevated clinic BP compared with usual care dur-
ing higher-risk pregnancies.

Methods
Study Design
The trial was an unblinded randomized clinical trial of SMBP
in pregnancy for the detection of elevated BP. The methods
of the trial and its development have been published previ-
ously and are summarized below.14,15 The protocol is avail-
able in Supplement 1 and statistical analysis plan in Supple-
ment 2. The West Midlands–South Birmingham NHS Research
Ethics Committee (ref 17/WM/0241) provided ethical ap-
proval. All participants gave written informed consent.

Study Population
Pregnant individuals at 16 to 24 weeks' gestation with higher
risk of preeclampsia were recruited by research midwives
through antenatal clinics in 15 secondary care maternity units
between November 2018 and September 2019. Higher risk
was defined by the relevant UK guidance at the time and in-
cluded 1 or more of the following risk factors for pregnancy
hypertension5: age 40 years or older with a nulliparity preg-
nancy interval of greater than 10 years, family history of
preeclampsia, history of preeclampsia or gestational hyper-
tension, body mass index of 30 or greater, any stage of chronic
kidney disease, twin pregnancy, prepregnancy diabetes,
or autoimmune disease (eg, systemic lupus erythematosus or
antiphospholipid syndrome). Individuals with a preexisting di-
agnosis of hypertension were excluded.

Randomization and Blinding
Eligible individuals were randomized (1:1 ratio) to receive either
usual care or usual care plus SMBP with telemonitoring
(Figure). The online randomization sequence was generated
by an independent statistician using permutated varying block
sizes of 4 or 6 and stratified by recruitment site and parity
(0 vs ≥1). Study participants and health care professionals were
unblinded due to the nature of the intervention.

Procedures
Self-monitoring
Participants randomized to SMBP continued with usual ante-
natal care and in addition, were provided with a validated au-
tomated monitor (Microlife WatchBP Home).16 They were given
training and written instructions for SMBP by the recruiting
research midwife then enrolled on a mobile phone–based
telemonitoring system with an optional paper diary.

Participants were asked to self-monitor their BP 3 times
per week, to take 2 readings each time, and to manually sub-
mit the second reading by using the study app. Elevated
readings triggered a request from the app for a third reading.
If a participant’s third reading was also elevated, the app
would trigger a message to the participant to contact their
local maternity unit (eFigure 3 in Supplement 3). Initial con-
tact was typically by telephone, and subsequent arrange-
ments for review were at the discretion of the unit. BP thresh-
olds were equivalent to clinic and based on pilot work and
a systematic review.13,17

Each site received training on the trial and intervention
from the study team. Clinicians had access to a web-based
dashboard and each site was sent a summary of their partici-
pants’ results each week. The app was designed to include his-
toric BP data, enabling participants to share their results with
clinicians via their mobile phone display.

Usual prenatal care consisted of pregnant individuals at-
tending antenatal clinic, as required (≥7 times during an un-
complicated pregnancy),18 including having their BP mea-
sured by their antenatal care team. Participants in the usual
care group did not have access to the telemonitoring system
and such systems were not commonplace in the UK at the time
of the study.

Key Points
Question Does self-monitoring of blood pressure (BP) by
pregnant individuals at higher risk for preeclampsia lead to earlier
detection of pregnancy hypertension compared with usual
antenatal care?

Findings In this randomized clinical trial that included 2441
pregnant individuals at increased risk for preeclampsia,
self-monitoring of BP with telemonitoring compared with usual
care resulted in a mean time to clinic-based detection of
hypertension of 104 vs 106 days, a difference that was not
statistically significant.

Meaning Among pregnant individuals at higher risk of
preeclampsia, self-monitoring of BP with telemonitoring did not
lead to earlier clinic-based detection of hypertension.
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Protocol Amendments
The overall protocol was amended significantly on 6 occa-
sions during the trial. Two amendments affected the trial:
(1) adding the external pilot; and (2) continuing recruitment
until the accompanying trial14 (the same intervention was
implemented in individuals with pregnancy hypertension) had
finished recruitment, which had the effect of modestly in-
creasing the sample size from 2262 to 2441.

Outcomes
The primary outcome was difference in the time from ran-
domization to first recording of “clinic hypertension” be-
tween the randomized groups. Clinic hypertension was de-
fined as sustained BP of 140/90 mm Hg or greater (ie, either
elevated systolic BP, diastolic BP, or both) recorded by a health
care professional in the clinical record in any setting up to the
day before delivery. “Sustained hypertension” was defined as

Figure. Eligibility, Randomization, and Data Availability for Self-monitoring for Hypertension Among Pregnant Individuals at Risk for Preeclampsia

2458 Pregnant individuals screened for
higher risk of preeclampsiaa

17 Excluded
7 Gestation was not between 16 wk and 24 wkb

1 Determined unsuitable by researcher
1 Lost to follow-up
4 Other reasons

3 Not at higher risk for prenatal hypertension
1 Age <18 y

45 Discontinued or lost to follow-up before 30 wk
18 Lost to follow-up

4 Participant changed mind about willingness
to self-monitor

3 Randomized in errorc

2 Medical or personal circumstances changed
2 Participant did not return to complete

recruitment

9 Participant was too busy
7 Participant requested discontinuation

19 Discontinued or lost to follow-up before 30 wk
11 Lost to follow-up
3 Participant did not return to complete

recruitment
2 Participant was too busy
1 Randomized in errorc

1 Participant requested discontinuation
1 Other

2441 Recruited and randomized

15 Lost to follow-up between 30 wk and
postnatal visit

18 Discontinued or lost to follow-up between
30 wk and postnatal visit
14 Lost to follow-up
1 Blood pressure machine or cuff issue
1 Medical or personal circumstances changed
1 Participant requested discontinuation
1 Participant was too busy

1220 Participants in the analysis populationc

1171 Primary outcome available

1223 Randomized to the self-monitoring group
1196 Self-monitored as randomized

27 Did not self-monitor

1218 Randomized to the usual care group
1213 Received usual care as randomized

(did not self-monitor)
5 Self-monitored

1217 Participants in the analysis populationc

1175 Primary outcome available

1178 In study at 30-wk gestation follow-up
(904 completed follow-up data)d

1199 In study at 30-wk gestation follow-up
(924 completed follow-up data)d

1160 Completed postnatal follow-up
(694 completed follow-up data)d

1184 Completed postnatal follow-up
(715 completed follow-up data)d

a Screening was conducted by research midwives reviewing clinical notes;
therefore, the number of potentially suitable participants may underrepresent
the true number. Higher risk of preeclampsia was defined by the relevant UK
guidance at the time and included 1 or more of the following risk factors for
pregnancy hypertension5: age �40 years with a nulliparity pregnancy interval
>10 years, family history of preeclampsia, history of preeclampsia or
gestational hypertension, body mass index of �30 (calculated as weight in
kilograms divided by height in meters squared), any stage of chronic kidney
disease, twin pregnancy, prepregnancy diabetes, and autoimmune disease
(eg, systemic lupus erythematosus or antiphospholipid syndrome).

b Indicates 16 weeks 0 days to 24 weeks 0 days.

c Individuals who were randomized in error (3 in the self-monitoring group and
1 in the usual care group) were excluded from the analysis population.

d Follow-up numbers include individuals eligible to be followed up (ie, not
withdrawn or lost to follow-up) who completed questionnaires at that time.
All available data were included in the analyses but some were available at only
1 follow-up point. For the self-monitoring group (n = 1223), 615 participants
completed both 30-week and postnatal follow-up, 289 completed only
30-week follow-up, 79 completed only postnatal follow-up, and 240
completed neither follow-up. For the usual care group (n = 1218), 636
participants completed both 30-week and postnatal follow-up, 288
completed 30-week follow-up, 79 completed only postnatal follow-up, and
215 completed neither follow-up.
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having at least 2 elevated BP readings within 1 week (168 hours)
with no minimum time between readings, with the second
reading date reported as the date of diagnosis.5 Clinic hyper-
tension was additionally defined as having a recorded diag-
nosis of preeclampsia or gestational hypertension or prescrip-
tion of antihypertensive medication, if either occurred before
clinic hypertension was recorded. BP and other clinical data
were extracted from the clinical record at the end of each par-
ticipant’s participation in the trial. Additionally, the follow-
ing prespecified subgroups were analyzed: eligibility for aspi-
rin prophylaxis; gestational age at recruitment; parity;
measurement of BP prior to randomization; deprivation score;
race and ethnicity; educational qualifications.

Secondary outcomes were both maternal (severe hyperten-
sion [systolic BP ≥160 mm Hg and/or diastolic BP ≥110 mm Hg],
serious maternal complications, and onset of labor) and peri-
natal (stillbirth and early neonatal death, gestation at deliv-
ery, mode of delivery, birth weight [including percentiles], small
for gestational age [<10th and <3rd percentiles], and neonatal
admissions). Patient-reported maternal outcomes were cap-
tured by questionnaires at baseline, 30 weeks’ gestation, and
12 weeks postnatally for illness perception (adapted Brief Ill-
ness Perception Questionnaire score range, 0-10; higher scores
reflect greater confidence in ability to manage hypertension;
minimal clinically important difference [MCID] not available),19

anxiety (6-item State-Trait Anxiety Inventory [STAI-6] scaled
to 100; score range, 0 [no anxiety] to 100 [highest level of anxi-
ety]; MCID = 10),20 and maternal health-related quality of life
(EuroQol EQ-5D-5L; score range, −0.594 [worst quality] to +1
[best quality]; MCID = 0.037)21,22 (see eTable 1 in Supplement 3
for the full list).

In accordance with UK recommendations, self-reported
race and ethnicity were recorded using standard descriptions
derived from those used by UK Office for National Statistics.23

Post hoc analyses assessed fidelity of participants in the in-
tervention group to the self-monitoring regimen as captured by
the app and compared elevated BP on self-monitoring to the ref-
erence standard of elevated BP on clinic measurements.

Sample Size
An external pilot phase, which included 40 participants, tested
all trial procedures prior to the main trial commencing.
A sample size of 2262 (1131 per group) assuming an SD of 40
days was estimated to allow detection of an effect size of 12
days’ difference in time to detection of clinic hypertension in
pregnancy between self-monitoring and control groups, with
90% power, 5% level of significance (2-sided), and assuming
a 15% attrition rate. The sample size was determined via simu-
lation, using a bootstrapping method with replacement with
parameters derived from pilot work.13 Of the planned 2262 par-
ticipants, 362 (16%) were expected to develop hypertension.
A statistical analysis plan was agreed prior to data lock
(Supplement 2).

Statistical Analysis
The primary analysis included all participants for whom data
were available, according to the group to which participants
were randomly allocated and regardless of any subsequent

deviation from protocol. The primary outcome was analyzed
using a 2-part hurdle model,24 which consisted of the follow-
ing processes: (1) first the model determined whether the
participants had a diagnosis of clinic hypertension using a
probit model, assuming an underlying latent distribution for
the probability of having clinic hypertension; and (2) the sec-
ond part determined the time between randomization and
clinic hypertension, conditional on having cleared the
hurdle. The prespecified model adjusted for group, parity
(0 or ≥1) as fixed effects, and site as random effect. However,
because the model would not converge, site was subse-
quently fitted as a fixed effect. Sensitivity analyses included
adjustment for baseline covariates that predicted missing-
ness, multiple imputation (100 imputations) of missing val-
ues, and inclusion of only elevated BP based on BP values
(ie, not clinical diagnoses or antihypertensive prescription).
Prespecified subgroups were investigated through fitting a
subgroup by randomized group interaction term in the
model. Treatment effects of each subgroup and a test of
interaction were obtained from the model.

Continuous secondary outcomes, such as birthweight and
length of stay were analyzed by means of regression method,
adjusting for stratification factors. Binary secondary out-
comes were analyzed by means of a log binomial model. Be-
cause of the potential for type I error due to multiple compari-
sons, findings for analyses of secondary end points should be
interpreted as exploratory.

Post hoc analyses were undertaken assessing interven-
tion fidelity comparing app use with the protocol of thrice-
weekly self-monitoring until BP increased to 135/85 mm Hg or
higher, when participants were asked to monitor daily until de-
livery or hypertension diagnosis. Recorded hypertension in
clinic or by SMBP was cross-tabulated, and the time between
first elevated SMBP reading and subsequent diagnosis of
hypertension was assessed using similar methods to the pri-
mary outcome analysis (second part).

All analyses were performed using STATA SE version 16.1
(StataCorp) using a 5% threshold for significance (2-sided).

Results
Of 2458 potentially eligible pregnant individuals, 2441 were
randomized to either SMBP (n = 1223 [50.1%]) or usual care
(n = 1218 [49.9%]), in line with the randomization algorithm
(Figure). Four participants subsequently found to be ineli-
gible after randomization were immediately withdrawn from
the trial and excluded from the analysis.

From the analysis population of 2437 participants, pri-
mary outcome data were available for 96% (1171 in the self-
monitoring group and 1175 in the usual care group; Figure).
Baseline characteristics were well matched between groups
with similar demographics and risk factors for hypertension
and preeclampsia (Table 1). Mean age was 33 years, mean ges-
tation was 20 weeks, 950 of 2346 (39%) were of parity of 1 or
more, 1399 of 2346 (59%) had attained at least an undergradu-
ate degree, and 1801 (77%) were White British, 253 (11%) Asian
or Asian British, and 187 (8%) Black or Black British. Mean BP

Self-monitoring of Blood Pressure and Hypertension Diagnosis During Higher-Risk Pregnancy Original Investigation Research

jama.com (Reprinted) JAMA May 3, 2022 Volume 327, Number 17 1659

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Oxford User  on 05/04/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.4712?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.4712
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.4712?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.4712
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.4712


Table 1. Baseline Characteristics of Patients in the BUMP 1 Clinical Trial, by Randomized Group

Characteristic

No./total (%)

Self-monitoring group
(n = 1220)a

Usual care group
(n = 1217)a

Age, mean (SD), y 32.8 (5.7) 33.0 (5.6)

Gestation at entry, mean (SD), wk 20.3 (1.6) 20.3 (1.6)

Parity: no previous births 745 (61.1) 742 (61.0)

BMI, median (IQR)b 26.5 (22.7-32.1) 26.1 (22.6-32.4)

Index of multiple deprivation quintilec

No. 1210 1211

1 (most deprived) 167 (13.8) 170 (14.0)

2 247 (20.4) 239 (19.7)

3 228 (18.8) 258 (21.3)

4 254 (21.0) 244 (20.2)

5 (least deprived) 314 (26.0) 300 (24.8)

Race and ethnicityd

No. 1211 1007

Asian or Asian British 135 (11.1) 118 (9.8)

Black or Black British 88 (7.3) 99 (8.2)

Chinese 16 (1.3) 11 (0.9)

Mixed 55 (4.5) 41 (3.4)

White (British, Irish, other) 887 (73.3) 914 (75.7)

Other 30 (2.5) 24 (2.0)

Current smoker 57 (4.7) 59 (4.9)

Highest education

No. 1209 1201

Tertiary education 715 (59.1) 684 (57.0)

Professional qualifications 122 (10.1) 120 (10.0)

A-level or General Certificate of Secondary Education 294 (24.3) 335 (27.9)

Vocational qualifications 34 (2.8) 32 (2.7)

No formal qualifications 44 (3.6) 30 (2.5)

Risk factors for hypertension

BMI ≥30 444 (46.4) 417 (34.3)

Previous hypertensive disorder of pregnancy 199 (16.3) 220 (18.1)

Family history of preeclampsia 144 (11.8) 133 (10.9)

Autoimmune diseasee 83 (6.8) 81 (6.7)

Prepregnancy diabetes (type 1 or 2) 75 (6.2) 67 (5.5)

Twin pregnancy 73 (6.0) 67 (5.5)

Interval between pregnancies >10 y 34 (2.8) 36 (3.0)

Chronic kidney disease (any grade) 9 (0.7) 14 (1.2)

Blood pressure, mean (SD), mm Hgf

No. 1161 1162

Systolic BP at entry 113.4 (12.8) 113.9 (12.3)

Diastolic BP at entry 68.5 (9.0) 69.0 (9.0)

Health questionnaires

EQ-5D-5L index valueg

No. 1202 1194

Median (IQR) 0.88 (0.77-1.00) 0.85 (0.77-1.00)

STAI-6h

No. 1201 1191

Median (IQR) 22.2 (5.6-33.3) 22.2 (5.6-33.3)

Self-monitoring prior to trial

No. 1209 1205

No. (%) 305 (25) 334 (28)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
BP, blood pressure.
a As shown in the Figure, 1223

(self-monitoring) and 1218 (control)
were randomized; however, 3
intervention participants and 1 usual
care participant were randomized in
error and withdrawn immediately.
Therefore, data are presented for
the remaining 1220 and 1217.

b Calculated as weight in kilograms
divided by height in meters squared.

c The index of multiple deprivation is
an assessment of deprivation based
on multiple weighted components
including income, employment,
education, health, crime, barriers to
housing and services, and living
environment. It is assessed at the
postcode level.

d Ethnicity and race self-attributed
from closed list based on standard
UK classification. Mixed included
those self-identifying as mixed
ethnicity (any combination). “Other”
included any other category not
listed, in which case participants
were asked to specify (in the
self-monitoring group: Arab: 4,
Japanese: 3, Latin American: 2,
Mauritian: 2, Brazilian: 1, Filipino: 1,
Iraqi Kurdish: 1, Pacific Islander: 1,
Tibetan Burmese Origin: 1, Turkish
Kurdish: 1, Vietnamese: 1, Middle
Eastern: 1, none stated: 11. Usual
care group: Latin American: 6, Arab:
3, Japanese: 2, Afghan: 1, Brazilian: 1,
Filipino: 1, Iranian: 1, Malaysian: 1,
South East Asia: 1, South Korean: 1,
Vietnamese: 1, none stated: 5).

e Any autoimmune disease,
eg, systemic lupus erythematosus
or antiphospholipid syndrome.

f At last clinic visit prior to
randomization.

g EQ-5D-5L: EuroQol instrument 5
Dimensions 5 Levels (index value
calculated from 5 domains: mobility,
self-care, usual activities,
pain/discomfort, and
anxiety/depression. Value
calculated using cross-walk tool22

range, −0.3-1; higher is better
quality of life).

h STAI: short form of State-Trait
Anxiety Inventory (6 items; range,
6-24; scaled to be out of 100, higher
is more anxious).20
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recorded before randomization was 114/69 mm Hg, and 1146
(49%) had 1 major or 2 moderate risk factors for preeclampsia.5

Prior to randomization, 639/2414 (27%) participants re-
ported previously measuring their own BP (305 [25%] in the
self-monitoring group and 334 [28%] in the usual care group).

Primary Outcome
Clinic hypertension was subsequently recorded for 363 (15.5%)
of those randomized, of whom 102 (4%) had preeclampsia: 179
(15.3%) in the intervention group and 184 (15.7%) in the usual
care group (Table 2). The primary outcome (time to clinic hy-
pertension defined from the clinical records) was not signifi-
cantly different between individuals who self-monitored or re-
ceived usual prenatal care alone (mean [SD], 104.3 [32.6] days
vs 106.2 [32.0] days, respectively; mean difference, −1.6 days
[95% CI, −8.1 to 4.9]; P = .64]) (Table 2). This was not materi-
ally affected by sensitivity analyses including adjustment for
data missingness, multiple imputation, or when clinic hyper-
tension was restricted to evidence of elevated professionally
recorded BP only (ie, recorded diagnosis of gestational hyper-
tension or prescription of antihypertensive medications alone
was excluded) (eTable 2 in Supplement 3).

The primary outcome was not significantly different be-
tween randomized groups in most prespecified subgroups in-
cluding aspirin eligibility, gestational age at recruitment, par-
ity, previous experience of self-monitoring, deprivation score,
or educational qualifications (eTable 3, eFigure 1, and eFig-
ure 2 in Supplement 3). There was a significant interaction for
race and ethnicity, but the CIs for both individual group re-
sults crossed unity (1.0).

Secondary Outcomes
Maternal Outcomes
There was no statistically significant difference in the inci-
dence of severe hypertension or in the incidence of preeclamp-
sia between the groups (Table 3).

The incidence of serious maternal complications was 15 of
1209 (1.2%) in the self-monitoring group and 19 of 1209 (1.6%)
of those receiving usual care. The prespecified threshold of suf-
ficient events to undertake a formal statistical comparison was
not met (≥2%) (Table 3). No participants in either group died.

There was no significant difference in the proportion with
spontaneous onset of labor (482/1187 [41%] self-monitoring vs
493/1181 [42%] usual care; adjusted relative risk, 0.97 [95% CI,

Table 2. Primary Outcome: Time From Randomization to Diagnosis of Elevated Sustained Blood Pressure

Self-monitoring group Usual care group Difference (95% CI) P valuea

Participants with primary outcome data 1171 1175

Clinic hypertension, No. (%)b 179 (15.3) 184 (15.7) 0.0 (−3 to 2)c .75

Time to clinic hypertension, d

Mean (SD) 104.3 (32.6) 106.2 (32.0) −1.6 (−8.1 to 4.9) .64

Median (IQR) 109 (90 to 127) 115 (90 to 129)
a Self-monitoring vs usual care: threshold level of significance P = .05.
b Sustained elevated blood pressure defined as 2 readings �140/90 mm Hg

within 168 hours or a recorded diagnosis of pregnancy hypertension or
prescription of an antihypertensive medication, whichever came first.

c Difference in percentage of having elevated blood pressure modeled against
randomized group, parity, and site.

Table 3. Selected Secondary Maternal and Perinatal Outcomes by Randomized Groupa

No./total (%) Adjusted
absolute difference, %
(95% CI)b

Adjusted risk ratio
(95% CI)b

P value for
treatment effectSelf-monitoring group Usual care group

Maternal

Severe hypertension 69/1171 (6.0) 57/1175 (4.9) 1.09 (−0.94 to 3.12) 1.22 (0.87 to 1.70) .25

Preeclampsia 51/1209 (4.2) 51/1209 (4.2) 0.01 (−1.84 to 1.85) 1.00 (0.66 to 1.51) >.99

≥1 Serious maternal complicationsc 15/1209 (1.2) 19/1209 (1.6)

Perinatal

Gestation at delivery,
median (IQR), wk

39.3 (38.1 to 40.4)
[1190]

39.3 (38.0 to 40.4)
[1185]

0.14 (−0.01 to 0.30)d

Stillbirth 5/1260 (0.4) 3/1248 (0.2)

Neonatal death within 7 d 2/1248 (0.2) 0/1240

Small for gestational age
(<10th percentile)

104/1249 (8.3) 87/1235 (7.0) 1.10 (−1.09 to 3.29) 1.15 (0.87 to 1.53) .32

Infant admitted to neonatal
intensive care unit

161/1248 (12.9) 163/1240 (13.1) −0.64 (−3.34 to 2.05) 0.95 (0.77 to 1.17) .63

a See eTables 3 and 4 in Supplement 3 for additional maternal and perinatal
outcomes.

b Statistical comparisons completed when >2% event rate for self-monitoring
vs usual care. Log-Poisson generalized linear mixed-effects model with robust
standard errors adjusted for randomized group and parity as fixed effects;
and site as a random effect. Level of significance P < .05.

c One or more of the following: eclampsia, transient ischemic attack or stroke,

HELLP syndrome (hemolysis, elevated liver enzymes, low platelets),
liver involvement (ALT or AST >70 U/L), pulmonary edema, kidney
involvement (creatinine �90 μmol/L), and hematological involvement
(platelets < x100^9/L).

d Estimated median difference (95% CI) derived from quantile regression
adjusted for randomized arm, parity, and site.
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0.88-1.07]). Indications for labor induction or prelabor cesar-
ean delivery are presented in eTable 4 in Supplement 3.

Anxiety (measured on STAI-6)20 was not significantly dif-
ferent between groups at either 30 weeks’ gestation or post-
natally (eTable 6 in Supplement 3). Individuals in the self-
monitoring group had significantly improved scores on the
adapted Brief Illness Perception Questionnaire at both 30 weeks
and postnatally (eTable 7 in Supplement 3).19 Participants’
health-related quality of life based on index scores derived from
the EQ-5D-5L descriptive system21 was not significantly dif-
ferent between groups at 30 weeks or at postnatal follow-up
(eTable 8 in Supplement 3).

Perinatal Outcomes
The proportions of stillbirths and early neonatal deaths in both
groups were not formally compared due to low rates of occur-
rence (Table 3). Mean birth weight was 3247 g in the self-
monitoring group and 3264 g in the usual care group. Small
for gestational age infant birth weight (<10th percentile) was
present in 104 of 1249 (8.3%) self-monitoring group births
vs 87 of 1235 (7.0%) usual care births (adjusted risk ratio, 1.15
[95% CI, 0.87-1.53]). Median gestation at delivery was not dif-
ferent between groups (39 weeks) (Table 3).

There were no significant differences in the proportions
of either randomized group admitted to a neonatal unit or for
subsequent length of stay (Table 3 and eTable 5 in Supple-
ment 3). Spontaneous vaginal delivery occurred for 550 (43.7%)
self-monitoring participants vs 527 (42.4%) usual care indi-
viduals (eTable 5 in Supplement 3).

Adverse Events
Eighteen serious adverse events were reported during the trial,
with none judged related to the intervention by the supervis-
ing site principal investigator: 12 (1%) in the self-monitoring
group (2 miscarriages [at 20 weeks and 23 weeks 6 days], 5 still-
births, 2 neonatal deaths, 3 terminations for fetal abnormali-
ties) and 6 (0.5%) in those receiving usual care (3 stillbirths and
3 terminations for fetal abnormalities [n = 2] and sepsis [n = 1]).

Post Hoc Outcomes
In a post hoc analysis, fidelity to the intervention by individu-
als randomized to self-monitoring was explored. Of the 1220
allocated to self-monitoring appropriately, 1198 self-
monitored and 22 did not. The majority of participants used
the app (1196 [99.8%]) with 23 (2.2%) also recording some read-

ings in a paper diary and 2 (0.2%) exclusively using a paper di-
ary. Because data in the paper diaries were not directly com-
parable to that in the app (eg, in terms of recording of timing
of readings, repeat readings), those readings were excluded
from further analysis. Participants followed the protocol of
monitoring 3 times per week until delivery or diagnosis of clinic
hypertension 76.7% of the time; if their SMBP increased to
135/85 mm Hg or higher and they were asked to monitor daily
until delivery or hypertension diagnosis, this happened 71.7%
of the time.

Of the 179 individuals with clinic hypertension in the in-
tervention group, 131 (73%) had self-monitored within a week
of that diagnosis and 16 (9%) had no self-monitored readings
at all (Table 4). Of these, 109 of 179 individuals (61%) had an
elevated SMBP of 140/90 mm Hg or higher on the same day or
before the detection of clinic hypertension. The median time
between first elevated SMBP and a subsequent diagnosis of hy-
pertension was 29 days (IQR, 7-72). Of those with a clinic di-
agnosis of hypertension, 43 of 179 (24%) did not have an el-
evated SMBP (indicating likely “white coat” hypertension) at
or before that time (Table 4).

Discussion
In this randomized trial, SMBP from 20 weeks’ gestation un-
til delivery or development of hypertension, in addition to
usual care, did not lead to an earlier diagnosis of clinic hyper-
tension, defined on the basis of routinely recorded clinical
data. There were no significant differences in either maternal
or perinatal outcomes or of serious adverse events. Of those
individuals who self-monitored BP in the trial who were di-
agnosed with hypertension, the majority had self-monitored
within a week of diagnosis, suggesting that these individ-
uals would have had an opportunity to detect hypertension
at home.

To our knowledge, this was the largest randomized clini-
cal trial of blood pressure self-monitoring in individuals with
higher-risk pregnancy published to date and was powered to
detect clinically important differences between the groups.25

The pragmatic trial design and broad inclusion criteria make
findings applicable to routine antenatal care. Participants
randomized had appropriate representation of underrepre-
sented racial and ethnic groups, but there was some evidence
of overrepresentation of those with higher educational

Table 4. Self-monitoring vs Clinic Blood Pressure (BP) for Diagnosis of Elevated Blood Pressurea

Elevated BP on any home readingsb

Yes No Total
Elevated BP on any health professional readingsc

Yes 120 43 163

No 240 651 891

Total 360 694 1054
a Including all 1054 participants randomized to self-monitoring who had both

clinician and self-monitored BP recorded; 163 (15.5%) had clinic hypertension;
43 (4.1%) had white coat hypertension (elevated in clinic but not at home);
240 (22.8%) had masked hypertension (elevated at home but not in clinic).

b First reading of �140/90 mm Hg on home BP device.
c Two readings of �140/90 mm Hg from any clinical setting within 168 hours or

new prescription of antihypertensive medication, whichever came first.
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attainment in the trial overall. Follow-up was high, with more
than 95% of the primary outcome data available.

A recent systematic review found 2 randomized clinical
trials involving self-monitoring in antenatal care, one of which
used self-monitoring as a screening test10; one UK-based group
randomized 80 low-risk pregnant individuals to weekly self-
monitoring with reduced routine antenatal visits and found
that for individuals who self-monitored, overall clinic atten-
dance was reduced despite an increase in unscheduled care.26

A French group randomized 57 individuals with pregnancy hy-
pertension without proteinuria at between 18 and 36 weeks
to self-monitor BP with or without transmission of the mea-
surements to their supervising clinicians and found no sig-
nificant difference between groups.27 More recently, a US group
randomized 300 low-risk pregnant individuals to remote moni-
toring with reduced visits vs usual care. The individuals ran-
domized to remote care had reduced obstetric input, but more
nurse/midwife time was needed for providing remote care.11

Two other subsequent trials were not comparable.28,29 Two on-
going self-monitoring trials, one in high-risk pregnancies and
one with a similar screening strategy to the current study, have
not reported yet.30,31

Self-monitoring of BP outside of pregnancy is already wide-
spread and has a strong evidence base.7,8,32 Prior to the cur-
rent study there were few data regarding the prevalence of
SMBP in pregnancy, although the CHIPS study of different BP
targets in pregnancy hypertension reported 38% of hyperten-
sive pregnant individuals as self-monitoring.33 A survey un-
dertaken in parallel to this trial, but excluding those random-
ized, found that in a sample of around 5500 pregnant
individuals, 17% of those without hypertension and 49% of
those with hypertension were self-monitoring, often without
clinician involvement.34

Limitations
This study has several limitations. First, the trial was pow-
ered to detect a 12-day earlier presentation with SMBP com-
pared with a clinic-based diagnosis, a difference that was
considered to be clinically relevant. Although very small dif-
ferences cannot be ruled out, self-monitoring did not result
in a clinically important or statistically significant earlier pre-
sentation of hypertension. Second, the study was not pow-
ered to detect differences in clinical outcomes. Third, the
home readings for 26% of individuals with a clinic-based pri-
mary outcome of hypertension were within the normal

range, so that these participants could not have presented
earlier on the basis of self-monitoring. Data on prognosis of
white coat hypertension remain sparse, particularly as to the
relative effect of antihypertensive therapy compared with
true hypertension and, therefore, appropriate management
strategies are uncertain.35

Fourth, 61% of those with hypertension in the interven-
tion group had elevated home BP prior to or concurrently with
clinic BP, and for these participants, SMBP increased approxi-
mately 1 month prior to their clinic recorded hypertension.
Participants received advice through the app to check such
readings with a midwife but there were no data regarding the
response of participants and/or clinicians to such readings.
Linked qualitative work suggested that clinicians tend to fa-
vor clinic readings in the case of discordance, perhaps explain-
ing the observed lack of effect on the primary outcome.36

Fifth, 27% of randomized individuals had self-monitored
prior to randomization, which might have diluted any effect
from the intervention. The study did not collect data regard-
ing whether self-monitoring continued later in pregnancy.
However, other research suggests that at least half of these par-
ticipants may have continued to do self-monitoring without
the knowledge of their clinical team.34 Outside of pregnancy,
there is evidence that such monitoring (without clinical sup-
port) has little effect on blood pressure.8,34

Sixth, the threshold for hypertension diagnosis with
SMBP in pregnancy is not established. In the current study,
the same BP threshold was used for home and clinic BP
(140/90 mm Hg), although participants were asked to
increase the frequency of measurement once their readings
reached 135/85 mm Hg. This choice was made on the basis of
a systematic review of BP measurement in different settings,
which suggested that self- and clinic-monitored BP were
equivalent in normotensive pregnant individuals; it was also
influenced by concerns from clinicians during the develop-
ment phase regarding “overalerting.”13,17 A lower threshold
for home readings might have led to a different result.

Conclusions
Among pregnant individuals at higher risk of preeclampsia,
blood pressure self-monitoring with telemonitoring com-
pared with usual care did not lead to significantly earlier clinic-
based detection of hypertension.
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