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Abstract

Background: Screening for, detecting, and managing pregnancy hypertension is a core function of antenatal care. To reduce
both training requirements and the risks of measurement error in blood pressure (BP) values, automated and semiautomated BP
devices have been validated in pregnant women with normal BP and pregnant women with hypertension and introduced for
serial antenatal measurement of BP.

Objectives: The study aimed to (1) determine whether or not repeated BP measurements reduced the presence of terminal
digit preference and (2) discern whether or not there was evidence of threshold avoidance in the Community-Level Interven-
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tions for Preeclampsia (CLIP) trials compared with the purely observational Pregnancy Care Integrating Translational Science,
Everywhere (PRECISE) cohorts.

Methods: The BP 3AS1-2 and CRADLE Vital Signs Alert low-cost Microlife BP devices were used by trained research
staff in the CLIP trials conducted in India, Mozambique, Nigeria (pilot trial only), and Pakistan and the PRECISE cohorts
of unselected pregnant women and nonpregnant women of reproductive age recruited in the Gambia, Kenya, and Mozambi-
que. Both devices algorithmically calculate systolic blood pressure and diastolic blood pressure values displayed on digital
read-outs. All BP readings were entered manually into a digital platform, which averaged them as the BP for that visit; the first
and second readings were averaged unless they were more than 10 mm Hg different, which triggered a third reading, and the
second and third readings were averaged.

Results: A total of 51,875 participants had their BP measured 438,404 times. Using raw BP values, there was terminal digit
preference (129,539/911,500, 14.21% vs 10%; P<.001 values ended in zero). A total of 28,929 out of 437,446 (6.61%) dBP
values were 62 mm Hg, compared with 9310 of 195,349 (4.77%) from the averaged values (P<.001); errors were obviated
by averaging BP values. There was evidence of both threshold preference and avoidance in the CLIP trials and the PRECISE
cohort.

Conclusions: Given the excess of 62 mm Hg values, there is a shared inherent algorithmic error in the calculation of dBP
in the BP 3AS1-2 and CRADLE Vital Signs Alert devices. Averaged BP measurements are important to reduce the impact
of user errors in manually recording BP values. We recommend that automated and semiautomated BP devices should be

connected wirelessly to automatically transfer readings to digital health records to further optimize care.

Trial Registration: ClinicalTrials.gov NCT01911494; https://clinicaltrials.gov/study/NCT01911494

JMIR Mhealth Uhealth 2026,14:¢73307; doi: 10.2196/73307

Keywords: Africa; blood pressure devices; pregnancy; South Asia; terminal digit preference; threshold avoidance; women of

reproductive age

Introduction

Pregnancy hypertension (defined as systolic blood pressure
[sBP] of at least 140 mm Hg or diastolic blood pressure
[dBP] of at least 90 mm Hg) is associated with approximately
46,000 maternal and 500,000 perinatal deaths annually; more
than 99% of those deaths occur in low-income and middle-
income countries [1,2]. Pregnancy hypertension is classified
as chronic (pre-existing) hypertension, gestational hyperten-
sion, and preeclampsia [2]. Screening for, detecting, and
managing pregnancy hypertension is a core function of
antenatal care [2,3].

To improve access to BP and other vital signs meas-
urement in low-income and middle-income countries, the
semiautomated, low-cost Microlife BP 3AS1-2 and CRADLE
Vital Signs Alert (VSA) devices were developed and have
been validated in pregnant women with normal BP and
pregnant women with hypertension [4,5]. In the context of
the CLIP (Community-Level Interventions for Preeclampsia)
trials, per protocol use of the Microlife BP 3AS1-2 device
within a digital health package deployed by community health
workers conducting antenatal contacts in women’s homes
cost-effectively improved maternal and perinatal survival [6-
11].

There are a number of caveats when measuring BP. First,
individuals should rest for at least 5 minutes, and their left
arm should be supported, with the cuff at the level of their
heart. Second, at least 2 measurements of BP should be
taken, and if there is discordance between the first and second
reading, at least 1 additional measurement should be taken,
with the final 2 values of both sBP and dBP being averaged
[12]. BP readings that are not wirelessly connected to a digital
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application are susceptible to a number of errors, such as
terminal digit preference (ie, disproportionately enumerating
numbers that end in “0” or “5”) and threshold avoidance (ie,
enumerating numbers just below the threshold that mandates
a clinical response) [13].

In this study, we studied all the sBP and dBP val-
ues of the pregnant women who participated in the CLIP
trials (including the Nigerian pilot trial) and the nonpreg-
nant women of reproductive age and pregnant women who
participated in the PRECISE (Pregnancy Care Integrating
Translational Science, Everywhere) network. We aimed to (1)
determine whether or not repeated BP measurements reduced
the presence of terminal digit preference; and (2) discern
whether or not there was evidence of threshold avoidance
in the CLIP trials compared with the purely observational
PRECISE cohort.

Methods
Study Design

This is a secondary analysis of data collected in the 4
countries and 27 intervention clusters of the CLIP clus-
ter randomized controlled trials [14], in India (Karnataka:
n=6) [6], Pakistan (Sindh Province: n=10) [7], Mozambi-
que (Maputo and Gaza Provinces: n=6) [8], and Nigeria
(Ogun State: n=5) [9], and from all participants in the
3-country PRECISE Network [15], in Gambia (n=3 primary
health centers, Farafenni District), Kenya (n=2 primary health
centers, Kilifi County), and Mozambique (n=2 primary health
centers, Maputo Province; Table S2 in Multimedia Appendix
1). A STROBE (Strengthening the Reporting of Observatio-
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nal Studies in Epidemiology) checklist is provided (Checklist
1).

The CLIP Trials

In brief, pregnant women (aged 15-49 y in India, Pakistan,
and Nigeria; and 12-49 y in Mozambique) were enrolled
in the CLIP trials when they first declared their pregnancy
and following informed consent [6-9]. The CLIP intervention
consisted of community engagement and community health
worker-provided mobile health-guided clinical assessment,
initial treatment, and referral to facility [14].

The CLIP intervention was implemented in primarily
rural areas of India (February 2014-October 2016), Pakistan
(February 2014-December 2016), Nigeria (March 2014-Janu-
ary 2016), and Mozambique (February 2015-February 2017).
Within each country, clusters consisted of an established unit
of the health system (ie, primary health center in India, union
council in Pakistan, administrative post in Mozambique, and
local government area in Nigeria).

In intervention clusters, community health workers
(accredited social health activists, India; agentes polivalentes
elementares, Mozambique; nurses, midwives, community
health extension workers, and health assistants, Nigeria;
and lady health workers, Pakistan) were trained to provide
mobile health—guided contacts that were pregnancy hyperten-
sion-oriented, antenatal and postpartum care at home (India,
Pakistan, and Mozambique) or at a primary health center
(Nigeria). Women in control clusters received usual care,
advocated by the World Health Organization. In none of the
study countries did community health workers usually either
manage pregnancy hypertension or carry with them blood
pressure measurement devices or antihypertensive medica-
tion.

Digital health-guided clinical assessments were recom-
mended every 4 weeks until 28 weeks of gestation, every
2 weeks from 28 to 35 weeks, weekly from 36 weeks until
delivery, once within 24 hours of birth, and postnatally
around postpartum days 3, 7, and 14; in Nigeria, visits were
opportunistic when women attended the primary health center
[16,17].

For generalizability, as sBP can be identified by the
return of a radial pulse without the requirement for a
stethoscope, the CLIP trial protocol selected a sBP of at least
140 mm Hg as the threshold at which community health
workers would respond by initiating referral. In addition,
community health workers were directed by the app to either
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administer oral methyldopa 750 mg for sBP of 160 mm
Hg or higher; administer intramuscular magnesium sulfate
10 g for suspected severe preeclampsia (miniPIERS [mini
Pre-eclampsia Integrated Estimate of Risk] for an adverse
maternal outcome of at least 25%, severe systolic hyperten-
sion [at least 160 mm Hg], eclampsia, stroke, or vaginal
bleeding); or refer the woman to a comprehensive emergency
obstetric care facility for suspected preeclampsia or increased
risk of stillbirth (4+ dipstick proteinuria value, or absent fetal
movements for at least 12 h) [10,14].

The PRECISE Observational Cohorts

Briefly, in each participating country, 2 cohorts of women
were recruited to optimize the identification of social, clinical,
and biomarker determinants of the placental disorders of
pregnancy, with purposeful sampling of both urban-dwelling
and rural-dwelling women [18].

First, unselected pregnant women planning to give birth
in the facility (primary health center) were approached and
recruited at the time of their booking visit for antenatal
care [18]. Consenting women answered an in-depth ques-
tionnaire regarding social determinants and clinical history,
underwent a targeted examination (eg, biometry, BP, and
pulse oximetry), and provided biological samples (blood,
urine, and vaginal swabs). Participants were followed up (1)
for a second antenatal research visit in the third trimester,
at least 4 weeks after the first visit (questionnaire, targeted
examination, and phlebotomy); (2) the birth episode (both
antepartum and postpartum; questionnaire, targeted examina-
tion, phlebotomy, vaginal swabs, placental, membrane, and
cord blood samples); and (3) 6 weeks to 6 months postpartum
(with their infant, if alive; questionnaire, targeted maternal
and infant examination, phlebotomy, vaginal swabs, and
heel-prick samples).

Second, for comparison and to understand the lives and
biology of sub-Saharan African nonpregnant women of
reproductive age (16-49 y); such women were identified
as either accompanying the pregnant women described in
Table 1 or attending for family planning services (Kenya
and Mozambique) or recruited in their homes by research
staff accompanying the district health surveillance system
team (the Gambia). Consenting women answered an in-
depth questionnaire regarding social determinants and clinical
history, underwent a targeted examination (eg, biometry, BP,
and pulse oximetry), and provided biological samples (blood,
urine, and vaginal swabs) [18].

Table 1. Characteristics and pregnancy outcomes (where relevant) of the study cohorts.

PRECISEP pregnancy cohorts

Characteristics CLIP? trials (n=32,053) (n=6932) PRECISE WRAC cohorts (n=1825)
Age (y)d, median (IQR) 25 (22-30) 25 (21-30) 28 (23-34)
Nulliparous, n (%) 8782 (27.4) 2112 (30.47) 274 (15.01)
Marital status, n (%)
Never married or single 1029 (3.21) 1148 (16.56) 445 (24.38)

Married or cohabiting 26 032 (981.22)

5684 (82)

1295 (70.96)
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PRECISEP pregnancy cohorts

Characteristics CLIP? trials (n=32,053) (n=6932) PRECISE WRACS cohorts (n=1825)
Separated or divorced 208 (0.65) 68 (0.98) 58 (3.18)
Widowed 128 (0.4) 32 (0.46) 27 (1.48)

No formal education, n (%) 14,926 (46.57) 1243 (17.93) 500 (27.4)

Probability of poverty, median (IQR) —¢ 20.3 (6.1-36.9) 31.7 (13.9-51.3)

GA at enrollment (wk), median (IQR) 22 (15-29) 21 (15-27) —

Women with birth outcome data
Outcome (n=23,265 for CLIP; n=5832 for PRECISE)
GA at delivery (wk), median (IQR) 39.0 (37.0-40.4)

39.0(37.3-404) —

Maternal death, n (%) 43 (0.18) 8(0.14) —
Miscarriage or TOP2 (<20 wk), n (%) 601 (2.58) 21 (0.36) —
Stillbirth (=20 wk), n (%) 819 (3.52) 182 (3.12) —
Neonatal death, n (%) 862 (3.71) 27 (0.46) —

4CLIP: Community-Level Interventions for Preeclampsia.

PPRECISE: Pregnancy Care Integrating Translational Science, Everywhere.

“WRA: nonpregnant women of reproductive age.

dMaternal age standardized to age at expected date of delivery for pregnant women.

®Not applicable.
fGA: gestational age.
€TOP: termination of pregnancy.

Neither patients nor the public were involved in the design, or
conduct, or reporting, or dissemination plans of this audit.

BP Measurement Protocol

The Microlife BP 3AS1-2 device was used in the Indian,
Mozambican, and Pakistani CLIP trials, and its successor,
the CRADLE VSA, in the Nigerian CLIP pilot trial, and
the PRECISE pregnancy and nonpregnancy cohorts. Both
devices are inflated manually and use the steady deflationary
phase to detect BP, algorithmically calculating systolic and
diastolic values from the measured mean arterial pressure and
displaying the sBP and dBP and heart rate values on digital
read-outs on the front of the device.

The research staff (community health workers in CLIP
and nurses in PRECISE) were trained to have women rest
seated for 5 minutes, and then to measure BP in a standar-
dized fashion, with the left arm supported and the cuff at
the level of the heart, at least twice. All BP readings were
entered manually into a study-specific digital platform, which
averaged them as the BP for that visit; the first and second
readings were averaged unless they were more than 10 mm
Hg different, in which instance a third reading was reques-
ted by the study digital platform, and the second and third
readings were averaged [12].

Statistical Analyses
All BP readings were used for the analyses.

We determined the incremental change in sBP and dBP
between the first and second measurements, the second and
third measurements, and the first and third measurements, if a
third measurement was taken.

Individual BP value frequencies were displayed for both
sBP and dBP for each study site, cumulatively for both the
CLIP trials and the PRECISE cohorts, and cumulatively for
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the combined dataset. This was to identify if there was any
evidence of terminal digit preference and threshold avoid-
ance. Through that step, evidence of terminal digit preference
was confirmed, overreporting of the dBP value of 62 mm
Hg became apparent (see the “Results” section), and, in the
CLIP dataset, suspicion of threshold avoidance at 140 mm Hg
systolic was observed.

We compared the directly observed counts for dBP of 62
mm Hg versus the averaged count for dBP of 62 mm Hg from
the duplicate measurement (ie, 1 and 2 of two measurements
or 2 and 3 of three measurements) using a Fisher exact test
and the Koopman asymptotic score to calculate 95% CI for
the relative risk. The percentage of values ending in “0” and
“5” was calculated and compared with the expected value of
10% (assuming a uniform distribution of digits) using both
raw and averaged measurements using a l-sample test for
proportion.

To assess threshold avoidance in the CLIP dataset (where
an intervention was associated with systolic hypertension),
we fit a segmented regression model to the number of BP
measurements per unit. Specifically, we used a Poisson model
with the following covariates: BP level, threshold (above and
below 140 mm Hg), and an interaction between these terms.
We display fitted values from these models graphically and
use a likelihood ratio test comparing models with and without
the segmentation to assess evidence of the possible disconti-
nuity corresponding to threshold avoidance. We compared
these results with the CLIP dBP values and PRECISE sBP
and dBP values, where no relevant clinical decision thresh-
olds were set.

All analyses were performed in R statistical software
version 4.0.3 (R Foundation for Statistical Computing). P<.01
was used for statistical significance to adjust for multiple
comparisons.
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Ethical Considerations

The CLIP trials were approved by the University of British
Columbia Research Ethics Board (H12-03497) and within
each country (MDC/IECHSR/2013-14/A, KLE University,
Belgavi, India; 2590-Obs-ERC-13, Aga Khan University,
Karachi, Pakistan; 219/CNBS/13, the Mozambique Minis-
try of Health, National Bioethics Committee for Health,
Maputo, Mozambique; and OOUTH/DA.326/T/1/, Olabisi
Onabanjo University Teaching Hospital, Sagamu, Nigeria).
The PRECISE study was approved by King’s College
London (HR-17/18-7855) and within each country (2018/
REC-74, Aga Khan University Hospital, Nairobi, Kenya;
SCC 1619, the Gambia Government/the Medical Research
Council, the Gambia Joint Committee, Banjul, the Gambia;
and 545/CNBS/18, the Mozambique Ministry of Health,
National Bioethics Committee for Health, Maputo, Mozambi-
que). All women provided signed informed consent before
taking part in either the CLIP trials or the PRECISE study.
All data were deidentified and anonymized. CLIP trial
participants were not compensated, other than support for
urgent transfers to health facilities when complications were
noted or per protocol when risks were identified. PRECISE
participants were supported to attend study visits (transport
and meals) and were supported for urgent transfers to health
facilities as indicated by clinical concerns.

Results

Data were available for 51,875 eligible women, who were
recruited from communities and primary health centers in 6

Table 2. Characteristics of blood pressure values.

von Dadelszen et al

countries (the Gambia, India, Kenya, Mozambique, Nigeria,
and Pakistan), with a median of 2841 (IQR 610-7862) women
per included cohort. In total, 911,500 discrete sBP or dBP
values were available for analysis.

Some individual-level characteristics of the participat-
ing women varied between cohorts (Table 1; Table S2
in Multimedia Appendix 1). Women tended to be in
their mid-to-late 20s, were variably nulliparous (range
6.4%-39.5%), and, if pregnant, were recruited from 10.8
to 42.6 weeks’ gestation. Pregnant participants generally
delivered at term. Miscarriage and termination of pregnancy
rates reflect generally late booking for antenatal care, as most
miscarriages occur before 12 weeks of gestation. Maternal
mortality varied from 0% to 0.27%, stillbirths from 2.2% to
5.1%, and neonatal deaths from 0.32% to 5% (Table 1; Table
S2 in Multimedia Appendix 1).

First BP measurements tended to be higher compared
with subsequent measurements, but not consistently (Table
2; Table S3 in Multimedia Appendix 1). 25,693 of 183,504
(14%) measurements were taken in triplicate. The raw and
averaged BP profiles from the CLIP trials and PRECISE
Network (Figure 1) examined BP distributions, terminal digit
preference, and the unanticipated rate of dBP values at 62 mm
Hg.

CLIP? trials (n=43,118 PRECISEP pregnancy cohorts (n=6932 PRECISE WRAC cohorts

Characteristics pregnancies) pregnancies) (n=1825 women)
BPY values, n/N (%)

2 values 157,811/183,304 (86) 17,249/19,625 (87.89) 1389/1822 (76.23)

3 values 25,693/183,304 (14) 2376/19,625 (12.11) 433/1822 (23.77)
Differences in BP values (mm Hg), median (IQR)

sBP1°f_sBP2¢8 1(2to5) 3(0to8) 2(-2t06)

sBP1-sBP3" 1(2to5) 3(0to8) 2 (-2to 6)

sBP2-sBP3 0 (-4 to4) 0(-4to5) -1 (=910 6)

dBP11dBP2 1(-2t04) 2(0t06) 1(-1to4)

dBP1-dBP3 1(2to4) 2(0to6) 1(-1to4)

dBP2-dBP3 0(-31t03) 0(=2to4) 0 (-3 to04)

Terminal digit preference—raw values (sBP), n/N (%)
Values ending in “0” (N) 57,343/392,759 (14.6)
Values ending in “5” (N) 44.,614/392,759 (11.36)

Terminal digit preference—raw values (dBP), n/N (%)

6393/41,055 (15.57)
3782/41,055 (9.21)

468/4513 (10.37)
388/4513 (8.6)

Values ending in “0” 58,677/392,319 (14.96)
45.470/392,319 (11.59)
Terminal digit preference—averaged values (sBP), n/N (%)
18,832/182,636 (10.31)
17,159/182,636 (9.4)

Terminal digit preference—averaged values (dBP), n/N (%)

Values ending in “5”

Values ending in “0”

Values ending in “5”

6245/41,048 (15.21)
3699/41,048 (9.01)

869/10,911 (7.96)
868/10,911 (7.96)

409/4079 (10.03)
406/4079 (9.95)

130/1801 (7.22)
139/1801 (7.72)
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Characteristics

CLIP? trials (n=43,118
pregnancies)

PRECISEP pregnancy cohorts (n=6932
pregnancies)

PRECISE WRAC cohorts
(n=1825 women)

Values ending in “0”

18,808/182,637 (10.3)

Values ending in “5” 17,302/182,637 (9.47)
Algorithm issues—raw values, n/N (%)
dBP=62 mm Hg 26,474/392,319 (6.75)

Algorithm issues —averaged values, n/N (%)
8774/182,637 (4.8)

dBP=62 mm Hg

819/10,911 (7.51)
847/10,911 (7.76)

2281/41,048 (5.56)

495/10911 (4.54)

149/1801 (8.27)
142/1801 (7.88)

17474079 (4.27)

41/1801 (2.28)

4CLIP: Community-Level Interventions for Preeclampsia.
YPRECISE: Pregnancy Care Integrating Translational Science, Everywhere.
“WRA: nonpregnant women of reproductive age.

dBP: blood pressure.

¢sBP: systolic blood pressure.

fBP1: first value.
EBP2: second value.

f‘BP3: third value (if taken).
'dBP: diastolic blood pressure.

Figure 1. Blood pressure value profiles from the CLIP trials and PRECISE Network. (A) Raw systolic blood pressure values; (B) raw diastolic blood
pressure values; (C) averaged systolic blood pressure values; (D) averaged diastolic blood pressure values. CLIP: Community-Level Interventions for
Preeclampsia; PRECISE: Pregnancy Care Integrating Translational Science, Everywhere.
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There was a greater than expected frequency of dBP values
of 62 mm Hg (raw observations: 28,929/437 446, 6.6% vs
averaged observations: 9310/195,349, 4.8%, P<.01; relative
risk 1.094, 95% CI 1.09-1.10; Table 2; Table S3 in Multime-
dia Appendix 1; Figure 1). These errors in data recording into
digital platforms were largely obviated by averaging the sBP

and dBP values (first and second or, if required, second and
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third; Table 2; Table S3 in Multimedia Appendix 1; Figure 1).
The sBP values corresponding to these 62 mm Hg diastolic
values varied considerably and were approximately normally

distributed (Figure 2); in both cohorts, very few of these
values were at least 140 mm Hg (53, 0.2% in CLIP; 17,0.7%
in PRECISE) or at least 160 mm Hg (0.1% in both cohorts).

Figure 2. Systolic values corresponding to diastolic blood pressure of 62 mm Hg in (A) CLIP (Community-Level Interventions for Preeclampsia; 55
and 31 of 26,474 =140 mm Hg and =160 mm Hg, respectively) and (B) PRECISE (Pregnancy Care Integrating Translational Science, Everywhere; 15

and 2 of 2094 =140 mm Hg and =160 mm Hg, respectively).
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For sBP readings, there was evidence of both threshold (140
mm Hg) preference (India; P=.02) and threshold avoidance
in Mozambique (CLIP, P=.007; PRECISE, P=.006) and
Pakistan (P<.001), but for neither the Gambia (P=.31), Kenya
(P=.85), nor Nigeria (P=.50; Figure 3). These observations
were modified by averaging values (the Gambia P=.05; India
P=47; Kenya P=.05; Mozambique CLIP P=.01, PRECISE
P=235; Nigeria P=.76; and Pakistan P<.001; Figure 3). For

https://mhealth.jmir.org/2026/1/e73307
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dBP readings, there was evidence of threshold (90 mm Hg)
preference (India P<.001; Pakistan P<.001) and avoidance
(Mozambique CLIP P<.001, PRECISE P=.008), but neither
for the Gambia (P=.11), Kenya (P=.70), nor Nigeria (P=.05;
Figure 3). Generally, these observations were modified by
averaging values (the Gambia P=.44; India P<.001; Kenya
P=.06; Mozambique CLIP P<.001, PRECISE P=.49; Nigeria
P=.08; Pakistan P=.03; Figure 3).
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Figure 3. Threshold preference and avoidance in the CLIP (Community-Level Interventions for Preeclampsia) trials and PRECISE (Pregnancy Care
Integrating Translational Science, Everywhere) network. The blue lines are fitted values from segmented Poisson regression models.

Nigeria (CLIFY

The Gambia (PRECISE)

Kenya (PRECISE)

India {CLIFY Pakistan (CLIF)
i )

1000 o i

Moz ambique (CLIFY
1

00

'

1
|
1
|
I
|
! 200
|
|
|
00 :
1
1

100

|
1
1
1
|
|
|
1
|
'
|
1
1
|
| 100

Mumber of meazsurements (log scale)
@
z

0
30

130

Syatalic

I
i
1 1
] ]
i i
1 1
120 1200135 140 1200 13 140 145 15D
Whzambique (CLIF)
1

o0

Mumber of measurements (log scale)

150 w001

Systolic blood pressure (averaged)

hdia (CLIFY
i

Pakdstan (CLIFY Mozambique (CLIFY
| 1

000 1000

500

1000 300

|
I
I
I
|
I
i
|
|
I
i
-
; 300
I

|

I

Ll
300

100

Mumber of measurements (log scale)

100 100

[P

|
|
|
|
|
|
|
|
|
an N 25 an a8 100

i

N

136

Mezambique (PRECISES
\
. ]

300

100

1
|
|
1
|
1 1
140 145 150 150 120 126 140

Blood pressune (raw)

1

Hgeria (CLIF) The Gambia (FRECISE) Mozambique (FRECISE)
.

\
]
1
]
|
]
I
: 10
I
1
1
|
1
I
|

1
|
1
I
L]
I
140 145

1
35 140 145 150

145

150

Nigeria (CLIF) The Gambia (PRECISE)
|

+

|
a5 an o8 100

Diastalic hlood pressure (Faw)

India CCLIPY Pakistan (CLIF) Mozambigue (CLIPY
' ' '

"
1000
300

300

-

100

o0

Mumber of measurements (log stale)

I3
=

[P o

0
100 &0

Discussion

Principal Results

Using BP data from 51,875 prospectively recruited eligi-
ble women living in 5 low- and middle-income countries,
911,500 discrete sBP or dBP values were analyzed in this
study. Our protocol of repeating (up to 3 times) and averaging
BP measurements (values 1 and 2 of 2, or 2 and 3 of 3)
clearly improves the quality of data and clinical guidance that
are derived from use of these 2 devices. This was true for
the terminal digit preference and the algorithmic issue that

https://mhealth.jmir.org/2026/1/e73307
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resulted in the excess of dBP values of 62 mm Hg, but not for
threshold avoidance.

Comparison With Prior Work

Reassuringly for clinical use of these two devices, 62 mm Hg
diastolic readings were rarely (=0.7%) associated with a sBP
value of at least 140 mm Hg, and only 0.1% were associated
with systolic readings of at least 160 mm Hg that increase the
risk for fatal intracranial bleeding [19]. In addition, it might
be useful to assess whether or not the 62 mm Hg issue is
shared between other Microlife automated and semiautomated
BP devices.
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Within the CLIP trials, the addition of the traffic light
display may underlie why there was no evidence of thresh-
old avoidance in the CLIP Nigeria pilot trial. The CLIP
Nigeria pilot trial was the sole part of the CLIP endeavor
that used the then-new CRADLE VSA device [9], compared
with the BP 3AS1-2 device used in the other CLIP trials. In
India (threshold preference), and Mozambique and Pakistan
(threshold avoidance) were clearly seen for systolic, but less
so diastolic, hypertension, as the protocol was sBP-driven
[6-8,10]. The display of an amber or red light that was
visible to others in the room when the BP was taken may
have provided important shared information to guide shared
decision-making about initiating transfers of care and, in
some cases, methyldopa and magnesium sulfate therapy.
However, both systolic threshold preference and threshold
avoidance were observed in Gambian and Mozambican,
but not Kenyan, PRECISE cohort. Diastolic preference and
avoidance were both seen, but were of lower magnitude
than for sBP values. It would be interesting to understand
why the Gambian research staff and the Indian Accredited
Social Health Activist workers preferred a value diagnostic of
hypertension, while Mozambican research staff and Agentes
Polivalentes Elementares and Pakistani lady health workers
displayed threshold avoidance. Were there differences in the
training about the importance of detecting hypertension, or
were there concerns about the additional workload associated
with making such a diagnosis [15,20-22]?

Previously in the CLIP dataset, we have identified that
lowering both sBP and dBP thresholds by 5 mm Hg (ie, 135
mm Hg and 85 mm Hg, respectively, for nonsevere hyperten-
sion; and 155 mm Hg and 105 mm Hg, respectively, for
severe hypertension), for measurements taken in community
settings would improve the detection of pregnant women at
risk of the complications associated with pregnancy hyperten-
sion, especially preeclampsia [23].

Strengths and Limitations

The strengths of this study include prospective data collection
by trained individuals, a shared standardized BP measurement

von Dadelszen et al

protocol, geographical collection of data from women living
in 2 South Asian and 4 sub-Saharan countries (2 from west,
and one each from east and southern Africa), and its large
sample size. The two study designs, cluster randomized
controlled trials (CLIP) and prospective observational cohort
(PRECISE), provided additional insights into the role of
threshold avoidance with and without the traffic light display
introduced in the CRADLE VSA device.

Our limitations include the absence of a wirelessly
connected device for comparison, by which means we could
have tested the hypothesis that the terminal digit preference
and threshold avoidance could be overcome by wireless
data collection onto digital health platforms. In addition, we
were unable to examine the reasons behind the differences
in response to BP thresholds (ie, preference: the Gambia,
India vs avoidance: Mozambique, Pakistan vs none: Kenya,
Nigeria) between study sites. Such insights would help to
overcome threshold avoidance, in particular, in the interim
before wireless connectivity between BP devices and digital
health platforms becomes routine. Threshold avoidance is a
safety signal as women at risk may not have been referred
when appropriate.

Conclusions

In summary, the BP 3AS1-2 and CRADLE VSA have been
used reliably in a number of other clinical trials and studies
with largely positive results [24-27]. They have provided
generally reliable, low-cost BP monitors that can be safely
deployed from households to facilities in low- and middle-
income countries. The addition of the traffic lights in the
CRADLE VSA appears to have reduced the risk of thresh-
old avoidance. However, in this study, we have identified
opportunities for further improvements that relate to terminal
digit preference and the algorithm issues around 62 mm Hg.
In the interim, clinicians and fellow researchers should use
our protocol for using these devices 2 to 3 times to reduce
erTors.

Acknowledgments

The authors thank the governments of the Gambia; India; Kilifi County, Kenya; Mozambique; Ogun State, Nigeria; and Sindh
Province, Pakistan, for their permission to integrate the CLIP trials and PRECISE study into their health systems with in-kind
support. The authors thank the families of the 152 women, 2777 fetuses, and 2688 neonates who died during the study period
and who were willing to share their stories despite their grief.

The members of the CLIP Trials Study Group are as follows:

CLIP Mozambique:

Esperanca Sevene; Eusébio Macete; Khitia Munguambe; Charfudin Sacoor; Anifa Vala; Helena Boene; Felizarda Amose;
Rosa Pires; Zefanias Nhamirre; Marta Macamo; Rogério Chiad; Analisa Matavele; Faustino Vilanculo; Ariel Nhancolo;
Silvestre Cutana; Ernesto Mandlate; Salésio Macuacua; Cassimo Bique; Sibone Mocumbi; Emilia Gongalves; S6nia Maculuve;
Ana Ilda Biz; Dulce Mulungo; Orvalho Augusto; Paulo Filimone; Vivalde Nobela; Corsino Tchavana; Claudio Nkumbula.
CLIP Pakistan:

Rahat Qureshi; Zulfigar A Bhutta; Zahra Hoodbhoy; Farrukh Raza; Sana Sheikh; Javed Memon; Imran Ahmed; Amjad
Hussain.

CLIP India:

Mrutunjaya B Bellad; Umesh S Charantimath; Shivaprasad S Goudar; Geetanjali M Katageri; Avinash J Kavi; Amit P
Revankar; Ashalata A Mallapur; Umesh Y Ramdurg; Shashidhar G Bannale; Vaibhav B Dhamanekar; Geetanjali I Mungar-

https://mhealth.jmir.org/2026/1/e73307 JMIR Mhealth Uhealth 2026 | vol. 14 1e73307 | p. 9

(page number not for citation purposes)


https://mhealth.jmir.org/2026/1/e73307

JMIR MHEALTH AND UHEALTH von Dadelszen et al

wadi; Narayan V Honnungar; Bhalachandra S Kodkany; Anjali M Joshi; Uday S Kudachi; Sphoorthi S Mastiholi; Chandrappa
C Karadiguddi; Gudadayya S Kengapur; Namdev A Kamble; Keval S Chougala.

CLIP Trial Steering Committee:

J Mark Ansermino; Ana Pilar Betrdn; Richard Derman; Shafik Dharamsi; France Donnay; Sharla Drebit; Guy Dumont;
Susheela M Engelbrecht; Veronique Fillipi; Tabassum Firoz; William Grobman; Marian Knight; Ana Langer; Simon Lewin;
Gwyneth Lewis; Craig Mitton; Nadine Schuurman; Andrew H Shennan; Joel Singer; James G Thornton; Hubert Wong.

CLIP Trial Executive Committee:

Olalekan O Adetoro; Mrutunjaya M Bellad; Zulfiqar A Bhutta; Peter von Dadelszen; Shivaprasad S Goudar; Jerker Liljestrand;
Laura A Magee; Ashalata A Mallapur; Khitia Munguambe; Beth A Payne; Rahat Qureshi; Charfudin Sacoor; Esperanca
Sevene; Sumedha Sharma; John O Sotunsa; Marianne Vidler.

CLIP Data Safety and Monitoring Board (DSMB):

Romano Nkumbwa Byaruhanga; Brian Darlow; Eileen Hutton; Mario Merialdi; Lehana Thabane.

The members of the PRECISE Network are as follows:

PRECISE The Gambia:

Umberto D'Alessandro; Anna Roca; Hawanatu Jah; Abdoulie Bah; Yorro Bah; Brahima Diallo; Gibril Gabbidon; Lawrence
Gibba; Yahaya Idris; Fatoumata Kongira; Melisa Martinez-Alvarez; Modou FS Ndure; Baboucarr Njie; Andrew Prentice;
Abdul Sesay; Sambou Suso; Fatima Touray.

PRECISE Kenya:

Marleen Temmerman; Angela Koech; Consolata Juma; Thomas Mendy; Moses Mukhanya; Isaac Mwaniki; Grace Mwashi-
gadi; Joseph Mutunga; Emily Mwadime; Marvin Ochieng; Patricia Okiro; Geoffrey Omuse; Onesmus Wanje.

PRECISE Mozambique:

Esperanca Sevene; Anifa Vala; Helena Boene; Carla Carrilho; Salesio Macuacua; Sonia Maculuve; Inacio Mandomando;
Lazaro Quimice; Corssino Tchavana.

PRECISE Supporting Institutions and Investigators:

Prestige Tatenda Makanga; Liberty Makacha; Reason Mlambo; Peter von Dadelszen; Laura A. Magee; Rachel Craik; Marie-
Laure Volvert; Hiten Mistry; Meriel Flint-O'Kane; Amber Strang; Marina Daniele; Lucilla Poston; Rachel Tribe; Sophie
Moore; Tatiana Salisbury; Aris Papageorghiou; Alison Noble; Hannah Blencowe; Veronique Filippi; Joy Lawn; Matt Silver;
Joseph Akuze; Ursula Gazeley; Ben Barratt; Judith Cartwright; Guy Whitley; Sanjeev Krishna; Marianne Vidler; Jing (Larry)
Li; Jeffrey N Bone; Mai-Lei (Maggie) Woo Kinshella; Domena Tu; Ash Sandhu; Kelly Pickerill; Donna Russell.

Funding

Funding was received from the University of British Columbia, a grantee of the Bill & Melinda Gates Foundation
(OPP1017337), and the UK Research and Innovation Global Challenges Research Fund (through the Medical Research
Council, MR/P027938/1). The funders of these studies had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

Authors’ Contributions

The corresponding author and LAM designed the study and wrote the first draft of the manuscript. The corresponding author
had access to all data in the study and final responsibility for the decision to submit for publication. INB was the primary
statistician and data visualization for these analyses. AS was primarily responsible for data curation for both studies. All
African and South Asian authors were involved in project management and primary data collection, with central coordination
by MV (CLIP trials) and MLV and HDM (PRECISE). All authors contributed to the review and editing of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Research group members and detailed cohort and blood pressure descriptions.
[PDF File (Adobe File), 244 KB-Multimedia Appendix 1]

Checklist 1

STROBE checklist.
[PDF File (Adobe File), 217 KB-Checklist 1]

References

1. Magee LA, Nicolaides KH, von Dadelszen P. Preeclampsia. N Engl J Med. May 12, 2022;386(19):1817-1832. [doi: 10.
1056/NEJMra2109523] [Medline: 35544388]
2.  Magee LA, Brown MA, Hall DR, et al. The 2021 international society for the study of hypertension in pregnancy

classification, diagnosis & management recommendations for international practice. Pregnancy Hypertens. Mar
2022;27:148-169. [doi: 10.1016/.preghy.2021.09.008] [Medline: 350664006]

https://mhealth.jmir.org/2026/1/e73307 JMIR Mhealth Uhealth 2026 | vol. 14 1e73307 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v14i1e73307_app1.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e73307_app1.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e73307_app2.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e73307_app2.pdf
https://doi.org/10.1056/NEJMra2109523
https://doi.org/10.1056/NEJMra2109523
http://www.ncbi.nlm.nih.gov/pubmed/35544388
https://doi.org/10.1016/j.preghy.2021.09.008
http://www.ncbi.nlm.nih.gov/pubmed/35066406
https://mhealth.jmir.org/2026/1/e73307

JMIR MHEALTH AND UHEALTH von Dadelszen et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

WHO recommendations on antenatal care for a positive pregnancy experience. World Health Organization; 2016. URL:
https://www.who.int/publications/i/item/9789241549912 [Accessed 2025-12-18]

Nathan HL, de Greeff A, Hezelgrave NL, Chappell LC, Shennan AH. An accurate semiautomated oscillometric blood
pressure device for use in pregnancy (including pre-eclampsia) in a low-income and middle-income country population:
the Microlife 3AS1-2. Blood Press Monit. Feb 2015;20(1):52-55. [doi: 10.1097/MBP.0000000000000086] [Medline:
25243711]

Nathan HL, Vousden N, Lawley E, et al. Development and evaluation of a novel vital signs alert device for use in
pregnancy in low-resource settings. BMJ Innov. Oct 2018;4(4):192-198. [doi: 10.1136/bmjinnov-2017-000235]
[Medline: 30319784]

Bellad MB, Goudar SS, Mallapur AA, et al. Community level interventions for pre-eclampsia (CLIP) in India: a cluster
randomised controlled trial. Pregnancy Hypertens. Jul 2020;21:166-175. [doi: 10.1016/j.preghy.2020.05.008] [Medline:
32554291]

Qureshi RN, Sheikh S, Hoodbhoy Z, et al. Community-level interventions for pre-eclampsia (CLIP) in Pakistan: a cluster
randomised controlled trial. Pregnancy Hypertens. Oct 2020;22:109-118. [doi: 10.1016/j.preghy.2020.07.011] [Medline:
32777710]

Sevene E, Sharma S, Munguambe K, et al. Community-level interventions for pre-eclampsia (CLIP) in Mozambique: a
cluster randomised controlled trial. Pregnancy Hypertens. Jul 2020;21:96-105. [doi: 10.1016/j.preghy.2020.05.006]
[Medline: 32464527]

Adepoju AA, Vidler M, Akadri AA, et al. The ability and safety of community-based health workers to safely initiate
lifesaving therapies for pre-eclampsia in Ogun State, Nigeria: an analysis of 260 community treatments with MgSOy4
and/or methyldopa. Pregnancy Hypertens. Aug 2021;25:179-184. [doi: 10.1016/j.preghy.2021.05.005] [Medline:
34175582]

von Dadelszen P, Bhutta ZA, Sharma S, et al. The community-level interventions for pre-eclampsia (CLIP) cluster
randomised trials in Mozambique, Pakistan, and India: an individual participant-level meta-analysis. Lancet. Aug 22,
2020;396(10250):553-563. [doi: 10.1016/S0140-6736(20)31128-4] [Medline: 32828187]

Bone JN, Khowaja AR, Vidler M, et al. Economic and cost-effectiveness analysis of the community-level interventions
for pre-eclampsia (CLIP) trials in India, Pakistan and Mozambique. BMJ Glob Health. May 2021;6(5):e004123. [doi: 10.
1136/bmjgh-2020-004123] [Medline: 34031134]

Daskalopoulou SS, Khan NA, Quinn RR, et al. The 2012 Canadian hypertension education program recommendations
for the management of hypertension: blood pressure measurement, diagnosis, assessment of risk, and therapy. Can J
Cardiol. May 2012;28(3):270-287. [doi: 10.1016/j.cjca.2012.02.018] [Medline: 22595447]

Kottke TE, Anderson JP, Zillhardt JD, et al. Association of an automated blood pressure measurement quality
improvement program with terminal digit preference and recorded mean blood pressure in 11 clinics. JAMA Netw Open.
Aug 1,2022;5(8):€2229098. [doi: 10.1001/jamanetworkopen.2022.29098] [Medline: 36044216]

Payne BA, Bhutta ZA, Magee LA, et al. Protocol 13PRT/9313: the Community Level Interventions for Pre-eclampsia
(CLIP) trials: four prospective cluster randomised controlled trials comparing a package of interventions directed
towards improving maternal and perinatal outcomes related to pre-eclampsia with current standards of care
(NCTO01911494). The Lancet. URL: https://www .thelancet.com/protocol-reviews/13PRT-9313

von Dadelszen P, Flint-O’Kane M, Poston L, et al. The PRECISE (PREgnancy Care Integrating translational Science,
Everywhere) Network’s first protocol: deep phenotyping in three sub-Saharan African countries. Reprod Health. Apr 30,
2020;17(Suppl 1):51. [doi: 10.1186/s12978-020-0872-9] [Medline: 32354357]

Dunsmuir DT, Payne BA, Cloete G, et al. Development of mHealth applications for pre-eclampsia triage. IEEE J
Biomed Health Inform. Nov 2014;18(6):1857-1864. [doi: 10.1109/JBHI.2014.2301156] [Medline: 25375683]

Lim J, Cloete G, Dunsmuir DT, et al. Usability and feasibility of PIERS on the move: an mHealth app for pre-eclampsia
triage. JMIR Mhealth Uhealth. Apr 17, 2015;3(2):e37. [doi: 10.2196/mhealth.3942] [Medline: 25887292]

Craik R, Akuze J, Volvert ML, et al. PREgnancy Care Integrating translational Science, Everywhere (PRECISE): a
prospective cohort study of African pregnant and non-pregnant women to investigate placental disorders - cohort profile.
BMIJ Open. May 11, 2025;15(5):e091831. [doi: 10.1136/bmjopen-2024-091831] [Medline: 40350193]

Martin JN Jr, Thigpen BD, Moore RC, Rose CH, Cushman J, May W. Stroke and severe preeclampsia and eclampsia: a
paradigm shift focusing on systolic blood pressure. Obstet Gynecol. Feb 2005;105(2):246-254. [doi: 10.1097/01.AOG.
0000151116.84113.56] [Medline: 15684147]

Charanthimath U, Katageri G, Kinshella MLW, et al. Community health worker evaluation of implementing an mHealth
application to support maternal health care in rural India. Front Glob Womens Health. 2021;2:645690. [doi: 10.3389/
fgwh.2021.645690] [Medline: 34816198]

https://mhealth.jmir.org/2026/1/e73307 JMIR Mhealth Uhealth 2026 | vol. 14 1e73307 | p. 11

(page number not for citation purposes)


https://www.who.int/publications/i/item/9789241549912
https://doi.org/10.1097/MBP.0000000000000086
http://www.ncbi.nlm.nih.gov/pubmed/25243711
https://doi.org/10.1136/bmjinnov-2017-000235
http://www.ncbi.nlm.nih.gov/pubmed/30319784
https://doi.org/10.1016/j.preghy.2020.05.008
http://www.ncbi.nlm.nih.gov/pubmed/32554291
https://doi.org/10.1016/j.preghy.2020.07.011
http://www.ncbi.nlm.nih.gov/pubmed/32777710
https://doi.org/10.1016/j.preghy.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32464527
https://doi.org/10.1016/j.preghy.2021.05.005
http://www.ncbi.nlm.nih.gov/pubmed/34175582
https://doi.org/10.1016/S0140-6736(20)31128-4
http://www.ncbi.nlm.nih.gov/pubmed/32828187
https://doi.org/10.1136/bmjgh-2020-004123
https://doi.org/10.1136/bmjgh-2020-004123
http://www.ncbi.nlm.nih.gov/pubmed/34031134
https://doi.org/10.1016/j.cjca.2012.02.018
http://www.ncbi.nlm.nih.gov/pubmed/22595447
https://doi.org/10.1001/jamanetworkopen.2022.29098
http://www.ncbi.nlm.nih.gov/pubmed/36044216
https://www.thelancet.com/protocol-reviews/13PRT-9313
https://doi.org/10.1186/s12978-020-0872-9
http://www.ncbi.nlm.nih.gov/pubmed/32354357
https://doi.org/10.1109/JBHI.2014.2301156
http://www.ncbi.nlm.nih.gov/pubmed/25375683
https://doi.org/10.2196/mhealth.3942
http://www.ncbi.nlm.nih.gov/pubmed/25887292
https://doi.org/10.1136/bmjopen-2024-091831
http://www.ncbi.nlm.nih.gov/pubmed/40350193
https://doi.org/10.1097/01.AOG.0000151116.84113.56
https://doi.org/10.1097/01.AOG.0000151116.84113.56
http://www.ncbi.nlm.nih.gov/pubmed/15684147
https://doi.org/10.3389/fgwh.2021.645690
https://doi.org/10.3389/fgwh.2021.645690
http://www.ncbi.nlm.nih.gov/pubmed/34816198
https://mhealth.jmir.org/2026/1/e73307

JMIR MHEALTH AND UHEALTH von Dadelszen et al

21. Boene H, Vald A, Kinshella MLW, et al. Implementation of the PIERS on the move mHealth application from the
perspective of community health workers and nurses in rural Mozambique. Front Glob Womens Health. 2021;2:659582.
[doi: 10.3389/fgwh.2021.659582] [Medline: 34816216]

22. Kinshella MLW, Sheikh S, Bawani S, et al. “Now You Have Become Doctors”: lady health workers’ experiences
implementing an mHealth application in rural Pakistan. Front Glob Womens Health. 2021;2:645705. [doi: 10.3389/fgwh.
2021.645705] [Medline: 34816199]

23.  von Dadelszen P, Bone JN, Sandhu A, et al. Choosing blood pressure thresholds to inform pregnancy care in the
community: an analysis of cluster trials. BJOG. Sep 2023;130(10):1275-1285. [doi: 10.1111/1471-0528.17465]
[Medline: 37092252]

24. Vousden N, Lawley E, Nathan HL, et al. Effect of a novel vital sign device on maternal mortality and morbidity in low-
resource settings: a pragmatic, stepped-wedge, cluster-randomised controlled trial. Lancet Glob Health. Mar
2019;7(3):e347-e356. [doi: 10.1016/S2214-109X(18)30526-6] [Medline: 30784635]

25. Beardmore-Gray A, Vousden N, Seed PT, et al. Planned delivery or expectant management for late preterm pre-
eclampsia in low-income and middle-income countries (CRADLE-4): a multicentre, open-label, randomised controlled
trial. Lancet. Jul 29, 2023;402(10399):386-396. [doi: 10.1016/S0140-6736(23)00688-8] [Medline: 37393919]

26. Bright S, Moses F, Ridout A, et al. Scale-up of a novel vital signs alert device to improve maternity care in Sierra Leone:
a mixed methods evaluation of adoption. Reprod Health. Jan 6,2023;20(1):6. [doi: 10.1186/s12978-022-01551-2]
[Medline: 36609353]

27. Kuhrt K, Seed PT, Shennan AH. A prospective case control study to evaluate shock index for identifying patients at risk
of clinically important malaria in refugee settings. Trop Doct. Apr 2023;53(2):233-236. [doi: 10.1177/
00494755221134975] [Medline: 36654493]

Abbreviations

BP: blood pressure

CLIP: Community-Level Interventions for Preeclampsia

dBP: diastolic blood pressure

PRECISE: Pregnancy Care Integrating Translational Science, Everywhere

sBP: systolic blood pressure

STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
VSA: Vital Signs Alert

Edited by Lorraine Buis; peer-reviewed by Adekunle Adeoye, Xin Zhou; submitted 01 .Mar.2025; final revised version
received 01.Dec.2025; accepted 01.Dec.2025; published 03 .Jun.2026

Please cite as:

von Dadelszen P, Sandhu A, Bone JN, Qureshi RN, Dada OA, Mallapur AA, Temmerman M, Volvert ML, Waiswa J,
Mukhanya M, Mistry HD, Goudar SS, Jah H, Koech A, Sacoor C, Vala A, Munguambe K, Roca A, Adetoro OO, Sevene E,
Vidler M, Bellad MB, Sotunsa J, Blencowe HJ, Bhutta ZA, d'Alessandro U, Ansermino JM, Dumont GA, Magee LA, CLIP
Trials Study Group, PRECISE Network

Terminal Digit Preference and Threshold Avoidance in Digital Blood Pressure Measurements During Pregnancy:
Secondary Analysis of Data From the CLIP and PRECISE Cohorts

JMIR Mhealth Uhealth 2026,14:¢73307

URL: hitps.//mhealth.jmir.org/2026/1/e73307

doi: 10.2196/73307

© Peter von Dadelszen, Akshdeep Sandhu, Jeffrey N Bone, Rahat N Qureshi, Olukayode A Dada, Ashalata A Mallapur,
Marleen Temmerman, Marie-Laure Volvert, Joseph Waiswa, Moses Mukhanya, Hiten D Mistry, Shivaprasad S Goudar,
Hawanatu Jah, Angela Koech, Charfudin Sacoor, Anifa Vala, Khatia Munguambe, Anna Roca, Olelekan O Adetoro, Esper-
anca Sevene, Marianne Vidler, Mrutyunjaya B Bellad, John Sotunsa, Hannah J Blencowe, Zulfigar A Bhutta, Umberto
d'Alessandro, John Mark Ansermino, Guy A Dumont, Laura A Magee, CLIP Trials Study Group, PRECISE Network.
Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 03.Jun.2026. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in
JMIR mHealth and uHealth, is properly cited. The complete bibliographic information, a link to the original publication on
https://mhealth jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2026/1/e73307 JMIR Mhealth Uhealth 2026 | vol. 14 1e73307 | p. 12
(page number not for citation purposes)


https://doi.org/10.3389/fgwh.2021.659582
http://www.ncbi.nlm.nih.gov/pubmed/34816216
https://doi.org/10.3389/fgwh.2021.645705
https://doi.org/10.3389/fgwh.2021.645705
http://www.ncbi.nlm.nih.gov/pubmed/34816199
https://doi.org/10.1111/1471-0528.17465
http://www.ncbi.nlm.nih.gov/pubmed/37092252
https://doi.org/10.1016/S2214-109X(18)30526-6
http://www.ncbi.nlm.nih.gov/pubmed/30784635
https://doi.org/10.1016/S0140-6736(23)00688-8
http://www.ncbi.nlm.nih.gov/pubmed/37393919
https://doi.org/10.1186/s12978-022-01551-2
http://www.ncbi.nlm.nih.gov/pubmed/36609353
https://doi.org/10.1177/00494755221134975
https://doi.org/10.1177/00494755221134975
http://www.ncbi.nlm.nih.gov/pubmed/36654493
https://mhealth.jmir.org/2026/1/e73307
https://doi.org/10.2196/73307
https://mhealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://mhealth.jmir.org/
https://mhealth.jmir.org/2026/1/e73307

	Terminal Digit Preference and Threshold Avoidance in Digital Blood Pressure Measurements During Pregnancy: Secondary Analysis of Data From the CLIP and PRECISE Cohorts
	Introduction
	Methods
	Study Design
	The CLIP Trials
	The PRECISE Observational Cohorts
	BP Measurement Protocol
	Statistical Analyses
	Ethical Considerations

	Results
	Discussion
	Principal Results
	Comparison With Prior Work
	Strengths and Limitations
	Conclusions



