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Summary
Background WHO introduced the STEPwise approach to surveillance (STEPS) to monitor trends in non-
communicable diseases. For arterial hypertension, the STEPS protocol takes the average of the last two out of
three standard blood pressure measurements (SBPM). This study assesses the diagnostic accuracy of SBPM,
same-day and next-day unattended automated measurement (uABP), with 24 h ambulatory measurement (24 h-
ABPM) as reference.

Methods This diagnostic accuracy study was done within a population-based household survey on cardiovascular risk
factors in two districts in Northern Lesotho. Adults (aged ≥ 18 years) with elevated SBPM (defined as ≥140/
90 mmHg), and 2:1 age- and sex-matched participants with normal SBPM during the survey were recruited.
Following SBPM, first uABP readings were obtained on survey day. Afterwards, participants received a 24 h-
ABPM device. Second uABP readings were taken 24 h later, after retrieval of the 24 h-ABPM. The main outcome
was overall diagnostic accuracy of all screening measurements (SBPM, first uABP, and second uABP), determined
using area under the receiver operating characteristic curve (AUROC), with 24 h-ABPM as a reference.

Findings Between November 2, 2021 and August 31, 2022, 275 participants (mean age 58 years (SD: 16 years), 163
(59%) female) were enrolled, 183 of whom had elevated and 92 had normal SBPM. Mean difference between systolic
daytime 24 h-ABPM and screening measurements was highest for SBPM (mean difference: −13 mmHg; 95% CI: −14
to −11). Mean difference between diastolic daytime 24 h-ABPM and diastolic SBPM was −2 mmHg (95% CI: −4
to −1), whereas no difference was found for mean diastolic first uABP (mean difference: −1 mmHg; 95% CI: −2.0 to
0.3); and mean diastolic second uABP (mean difference: 1.0 mmHg; 95% CI: −0.4 to 2.3). White coat hypertension
was highest with SBPM (55 [20%]), followed by first uABP (27 [9.8%]), and second uABP (18 [6.5%]). Using systolic
daytime 24 h-ABPM as a reference, the uABPs had higher AUROC (first uABP: 87% [95% CI: 83–91]; second uABP:
88% [95% CI: 84–92]); SBPM: (79% [95% CI: 74–85]). This difference was significant between first uABP and SBPM
(P = 0.0024), and between second uABP and SBPM (P = 0.0017).

Interpretation uABP had better diagnostic performance than SBPM. Integration of uABP into STEPS protocol should
be considered.
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Research in context

Evidence before this study
We reviewed a recent meta-analysis of 31 articles comparing
unattended blood pressure measurement (uABP) with other
methods of blood pressure measurement for identifying
possible hypertension. This meta-analysis of studies which
were all conducted in clinic/hospital settings and none in
Africa, concluded that uABP was more accurate, and should
be preferred to standard blood pressure measurements.
Afterwards, we searched PubMed and Embase on 13th April
2021 for key words relating to (‘Unattended blood pressure’
OR ‘Unattended automated blood pressure’ OR ‘Automated
blood pressure’ OR ‘unattended automated office blood
pressure’ OR ‘automated office blood pressure’ OR ‘Out-of-
office blood pressure’) AND (‘Office blood pressure’ OR
‘Standard blood pressure’) AND (‘Ambulatory blood pressure
monitoring’ OR ‘Blood pressure monitoring, ambulatory’ OR
‘Ambulatory blood pressure’) AND (‘Survey’ OR ‘WHO
STEPwise approach to surveillance’). Additionally, we searched
for keywords relating to ‘unattended blood pressure’ AND
‘sub-Saharan Africa’ (see supplementary material,
Supplementary Table S10). Of the 61 and 20 studies retrieved
from PubMed and Embase respectively, none investigated
uABP during a population-based survey. The only study on
uABP in Africa identified participants in the community, but
performed the remaining processes in a clinic setting, and
found inconclusive results.

Added value of this study
This is the first study investigating the performance of
standard blood pressure measurement and unattended
measurements conducted real-time within a population-
based survey. After four measurements (survey standard
blood pressure measurement, immediate uABP, delayed uABP,
and the gold standard 24-h ambulatory blood pressure
monitoring) during a population-based household survey and
among the same study participants, we found that
unattended blood pressure measurements had better
correlation with 24 h ambulatory blood pressure monitoring,
higher discrimination, and lower proportions of white coat
hypertension within survey conditions compared to standard
blood pressure measurement recommended during World
Health Organization’s STEPwise approach to surveillance
(STEPS) hypertension prevalence surveys.

Implications of all the available evidence
Under survey conditions, unattended blood pressure
measurements had better diagnostic performance, with lower
proportions of misclassified participants compared with the
widely used standard blood pressure measurement approach
during population-based surveys. Furthermore, uABP was
implementable during the survey as there were no additional
requirements in terms of equipment, personnel, and time.
Thus, integration of uABP into STEPS protocol should be
considered to avoid over-reporting of prevalence figures and,
likely unnecessary initiation of antihypertensive therapy.
Introduction
Elevated blood pressure is the most important cardio-
vascular risk factor globally, causing 7.5 million deaths
annually (12.8% of all deaths).1 It accounts for 57 million
disability adjusted life years (DALYS) or 3.7% of total
DALYS.2 In sub-Saharan Africa, the burden is rising3

with a high proportion of individuals being unaware
of their condition.4,5 To monitor national trends on
elevated blood pressure and other non-communicable
chronic diseases, the World Health Organization
(WHO) developed and promotes the WHO STEPwise
approach to surveillance (STEPS). For blood pressure
measurement, STEPS recommends single-day three
measurements, 3 min apart, with the mean of the sec-
ond and third measurements used as final blood
pressure.6 Most data on elevated blood pressure preva-
lence in Africa derive from population-based surveys
following this protocol.

Several studies have shown that single-day blood
pressure measurements have limited accuracy, mis-
classifying up to 30% diagnosed individuals.7–9 There-
fore, for reliable estimation of blood pressure, most
guidelines recommend two or more measurements on
separate days.2,10–12 For population surveys, however,
revisiting participants on a different day is highly
resource-intensive or impossible, especially in remote
rural areas or in mobile populations. Thus, for reliable
blood pressure data to guide epidemiological and clin-
ical decisions in remote or hard-to-reach settings, ac-
curate, pragmatic, and feasible blood pressure
www.thelancet.com Vol 63 September, 2023
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measurement protocols, preferably implementable in
one visit, are needed.13–15

Unattended automated blood pressure (uABP) pro-
tocol entails measurements where the healthcare worker
leaves the room, and the participant is alone during the
entire measurement period. This protocol has been
shown in clinic settings to better correlate with 24-h
ambulatory blood pressure monitoring (24 h-ABPM)
taken as gold standard.16 uABP is reported to reduce
overdiagnosis,17,18 to be easily used in different loca-
tions,19 and to have a similar profile of target organ
damage predictability as 24 h-ABPM.20 Despite these
advantages of uABP in clinic settings, there’s a lack of
studies examining its usefulness in population-based
surveys. A targeted literature search revealed no study
assessing uABP for household-based screening during
prevalence surveys in Africa.

In this study, we investigated within a population-
based survey the diagnostic accuracy of standard sur-
vey blood pressure measurement (SBPM) protocol used
in STEPS, an immediate unattended ABP (1st uABP)
measurement taken on survey day, and a delayed un-
attended ABP (2nd uABP) measurement taken after
24 h, using the 24 h-ABPM as gold standard.
Methods
Study design
This study is part of the community-based chronic care
Lesotho project (ComBaCaL; www.combacal.org). It is a
diagnostic accuracy study conducted within a
population-based household survey on cardiovascular
risk factors implemented from 2nd November 2021 to
31st August 2022 in two districts in Northern Lesotho.21

Lesotho’s National Health Research Ethics Commit-
tee (NH-REC) approved the study protocol (NH-REC ID
139-2021; see Supplementary materials, panel S1), and
participants provided written informed consent.
Reporting follows the Standards for Reporting of Diag-
nostic Accuracy Studies (STARD) reporting guidelines.22

Sample size and participant selection
Sample size was calculated using the methods of
Buderer et al.23,24 Assuming a sensitivity of 84%, and a
specificity of 79% with unassisted measurement
methods,25 and a prevalence of elevated blood pressure
of 30%, we estimated that a minimum of 172 people
with elevated blood pressure and 91 participants without
elevated blood pressure would be required to estimate
sensitivity and specificity with a 10% precision of a 2-
sided 95% confidence interval. To account for non-
response, we oversampled by 20% (see Supplementary
materials, panel S1, section 5.3.2).

Participants were enrolled from the population-based
survey if they were 18 years and older, gave written
informed consent, had SBPM blood pressure
≥140 mmHg systolic and/or ≥90 mmHg diastolic, and
www.thelancet.com Vol 63 September, 2023
lived in easy-to-reach areas of the community since it
was important for survey staff to revisit for retrieval of
the 24 h-ABPM device. We further enrolled a randomly
selected 2:1 age- and sex-matched subsample of partic-
ipants with SBPM blood pressure values <140 and
90 mmHg at survey screen. The overall prevalence
survey ended on 31st August 2022. However, as by then
the sample-size of this sub-study was not met, an
additional 159 participants (95 with elevated blood
pressure, 64 without) were recruited between 1st
September and 30th November 2022. This number in-
cludes already surveyed participants revisited for inclu-
sion in this study, and new participants surveyed and
included.

Standard blood pressure measurement (SBPM)
During the household survey, blood pressure was
measured using the validated WatchBP® Office ABI
automatic blood pressure measurement device manu-
factured by Microlife®.26,27 Three measurements were
taken with 2-min intervals between measurements.
Measurement procedures followed the STEPS protocol.
An appropriate-sized cuff was snugly applied and
securely fastened to the left arm after any clothes had
been rolled up, with the cuff mark aligned with the
brachial artery and the lower edge of the cuff about
2.5 cm above the inner side of the elbow joint. Partici-
pants had to sit quietly for at least 15 min, with their
back supported, feet flat on the floor, and arm supported
with the cuff at heart level. Additionally, participants
were instructed to have an empty bladder, not to drink
coffee before or during measurements, and not to talk
during the measurements.6 The study protocol included
detailed standard operating procedures on SBPM mea-
surement. Based on these, the survey staff was trained,
regularly retrained, and supervised.

For allocation of participants to the normal vs
elevated SBPM group, elevated SBPM was defined as
recorded systolic blood pressure ≥140 and/or diastolic
≥90 mm Hg, calculated using the average of the final
two readings.28

Unattended automated blood pressure
measurement (uABP)
For the uABP, we used the same WatchBP® Office ABI
as for the SBPM. The device was set to obtain three
measurements with a minute interval in-between the
measurements. After a minimum of 5 min of rest, the
device was attached. Participants were shown how to
operate the device and asked to turn it on after research
assistants had left the room. Some participants were not
able to follow this instruction and the device was started
by the research assistants who then immediately left the
room. Research assistants stayed out of the room for the
duration of measurement which was about 5 min. The
blood pressure measurement device stored values and
labeled them accordingly as first, second or third
3
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measurements. The research assistant retrieved these
values upon return to the room. The average of the
second and third readings were used for analysis. The
1st uABP was taken the same-day as the SBPM, whereas
the 2nd uABP was taken the next day when the research
team returned to the participant’s home to take off the
24 h-ABPM device.

24-h ambulatory blood pressure measurement
(24 h-ABPM)
We used the IEM 24 h Mobil-O-Graph® for 24 h
ambulatory blood pressure measurement (24 h-ABPM).29

Following measurement of 1st uABP, participants were
fitted with the right-sized 24 h-ABPM device. Each
participant was asked for their sleep and awake times.
The device was then programmed accordingly to take
three measurements hourly during the day (awake time)
and two measurements hourly at night (sleep time).

24 h-ABPM observations were included in the final
analysis if there was 1) ≥70% of expected measure-
ments; 2) a minimum of 20 valid daytime measure-
ments and a minimum of 7 valid nighttime
measurements; and 3) ≥2 valid daytime and ≥1 valid
nighttime measurements per hour.30

Statistical analysis
Statistical analyses were conducted in Stata (16.1, Sta-
taCorp LLC, College Station, TX) and R (version 4.3.0).31

Stata was used to calculate descriptive statistics, and for
determination of sensitivity, specificity, predictive
values, and likelihood ratios. R was used to determine
discrimination, correlation coefficients and their com-
parison, Bland–Altman analysis, and for categorization
of participants into white coat hypertension, masked
hypertension, sustained hypertension and sustained
normotension.

Descriptive statistics such as mean and standard
deviation; median and interquartile range were used for
continuous variables, while frequency and percentage
were used for categorical variables. We did not statisti-
cally compare baseline characteristics between the
group with elevated and the group with normal SBPM
(Table 1) as differences in cardiovascular risk profile
between these groups are expected.

The reference measurement was the 24 h-ABPM.
The European Society of Hypertension defines arterial
hypertension as 24-h average ≥130/80 mmHg. It
further defines awake hypertension as daytime mea-
surements average ≥135/85 mmHg and nocturnal hy-
pertension as nighttime measurements average ≥120/
70 mmHg.32,33 Each screening measurement (SBPM, 1st
and 2nd uABP) was compared to each of these three
reference standards (24-h average, awake hypertension,
nocturnal hypertension).

There is currently no consensus on the ideal
threshold for diagnosis of arterial hypertension using
uABP.28,33–35 To reflect different thresholds proposed for
SBPM in different international guidelines,16,28,33,35–37 we
calculated sensitivity, specificity, positive and negative
predictive values, and positive and negative likelihood
ratios for each screening method (1st, 2nd uABP,
SBPM) under three threshold scenarios: ≥130/80,
≥135/85, and ≥140/90 mmHg.

Discrimination was determined using area under the
receiver operating characteristic (AUROC) curve, as an
indication of overall diagnostic accuracy of all three
screening measurements. The R package pROC
(version 1.18.2)38 was used to create receiver operating
characteristics (ROC) curves for the screening mea-
surements using the above-mentioned reference cut-
offs for average, daytime and nighttime 24 h-ABPM.
Empirical optimal cut points for SBPM, 1st uABP and
2nd uABP were estimated using Liu’s method for
empirical estimation of cut points for a diagnostic test.39

Additionally, all three screening measurements
(SBPM, 1st uABP, and 2nd uABP) were compared
against the reference measurement using paired t-tests.
Intra-class correlation coefficients were calculated for
the relationship between 24 h-ABPM and each of the
three screening measurements. The differences in the
strengths of the correlation coefficients were calculated
for SBPM against each uABP, using the R package cocor
(version 1.1-4)40 for comparison of two overlapping
correlations based on dependent groups. Bland–Altman
analysis was used to compare agreement between the
screening measurements and 24 h-ABPM. Agreement
was evaluated using average 24 h-ABPM (systolic and
diastolic) as well as daytime 24 h-ABPM (systolic and
diastolic).

Using average 24 h-ABPM and daytime systolic and
diastolic cutoffs for confirmed hypertension, partici-
pants were categorised into white coat hypertension,
masked hypertension, sustained hypertension and sus-
tained normotension. These categories were once again
calculated for systolic/diastolic measurement thresholds
of ≥130/80, ≥135/85, and ≥140/90 for the different
screening measurements. White coat hypertension was
normal blood pressure on 24 h-ABPM and blood pres-
sure at or above threshold for screening measurements;
masked hypertension was blood pressure below
threshold on screening measurement but at or above
thresholds in the 24 h-ABPM; sustained hypertension
was blood pressure at or above threshold for screening
measurements and 24 h-ABPM; sustained normo-
tension was normal blood pressure on 24 h-ABPM and
screening measurements.41,42

Participants where technical errors/non-functioning
of the equipment led to missing or invalid blood pres-
sure measurement values were excluded from the
analysis.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, and data interpretation, or
www.thelancet.com Vol 63 September, 2023

www.thelancet.com/digital-health


Variable Elevated SBPM, N = 183 Normal SBPM, N = 92 Total, N = 275

Female, n (%) 110 (60.1) 53 (57.6) 163 (59.3)

Male, n (%) 73 (39.9) 39 (42.4) 112 (40.7)

Mean age in years (SD) 59 (16) 56 (16) 58 (16)

Diabetes mellitus, n (%) 31 (16.9) 2 (2.2) 33 (12)

Median BMI in kg/m2 (IQR) 27.5 (23.5–32.9) 25.0 (21.3–28.4) 26.6 (22.7–32.1)

Height in cm, median (IQR) 159 (153–167) 161 (154–168) 160 (154–167)

Weight in kg, median (IQR) 71 (60–85) 66 (55–74) 69 (59–82)

Abd.circ. in cm, median (IQR)

- Female 95 (87–104) 91 (79–100) 94 (86–103)

- Male 89 (76–102) 79 (72–87) 82 (75–96)

Mean (SD) Mean (SD) Mean (SD)

SBPM, mmHg

Systolic 156 (20) 119 (12) 144 (25)

Diastolic 93 (13) 75 (8) 87 (14)

First uABP, mmHg

Systolic 149 (24) 121 (18) 140 (26)

Diastolic 91 (15) 75 (9) 86 (16)

Second uABP, mmHg

Systolic 143 (24) 119 (17) 135 (25)

Diastolic 88 (15) 76 (13) 84 (16)

24 h-ABPM, mmHg

Average systolic 135 (19) 115 (13) 128 (20)

Average diastolic 85 (13) 73 (9) 81 (13)

Daytime systolic 138 (20) 118 (14) 131 (20)

Daytime diastolic 89 (13) 77 (11) 85 (13)

Night time systolic 129 (22) 111 (14) 123 (21)

Night time diastolic 80 (14) 69 (10) 76 (14)

BP: blood pressure; uABP: unattended blood pressure; 24 h-ABPM: 24 h ambulatory blood pressure monitor; SD: standard deviation; IQR: interquartile range; Abd.circ.:
abdominal circumference.

Table 1: Characteristics of study participants.

Articles
writing of the report. EF, TL and NDL had access to the
dataset. EF and NDL had final responsibility for the
decision to submit for publication.

Results
Fig. 1 shows the study flow. The survey enrolled 6061
participants with 6048 having documented SBPM
values. After closure of survey on August 31st, 2022, we
enrolled an additional 60 new participants, leading to a
total of 6108 participants with SBPM results, out of
which 674 had elevated SBPM (≥140/90 mmHg). Out of
these, 219 (32.5%) were enrolled for this sub-study.
Among the 4555 with SBPM < 140/90 and no prior
diagnosis of elevated BP, an additional 119 age- and sex-
matched individuals were enrolled. Due to invalid data
or technical errors, 22 individuals with elevated and 17
with normal SBPM were retrospectively excluded,
resulting in 183 individuals with elevated and 92 with
normal SBPM included in the analysis. Since missing-
ness was mainly due to technical reasons, we assumed
that data were missing at random. As a result, mul-
tiple imputation was not done. Table 1 displays
www.thelancet.com Vol 63 September, 2023
characteristics of participants in the elevated and normal
SBPM group. Of the 183 with elevated blood pressure,
77 (42.1%) were taking antihypertensive treatment.

Correlation and level of agreement of test
measurements and 24 h-ABPM
For all three screening measurements, mean systolic
and diastolic blood pressure values were consistently
higher than 24 h-ABPM values (average, daytime, and
nighttime). Mean differences were higher for SBPM
than for both uABP. There was no significant difference
between diastolic values of both unattended measure-
ments and diastolic daytime 24 h-ABPM: −1.0 mmHg
(CI: −2.0 to 0.3), and 1.0 mmHg (CI: −0.4 to 2.3) for 1st
uABP and 2nd uABP, respectively. Correlation co-
efficients of all index test measurements ranged from
0.61 to 0.81 for systolic values, and 0.57 to 0.73 for
diastolic values. SBPM had lowest correlation co-
efficients (Table 2), which were significantly different
from those of the uABPs, especially for systolic blood
pressure values (see Supplementary Table S1). Agree-
ments between the screening measurements and 24 h-
5
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6048 with SBPM

6108 with SBPM

5434 normal 
SBPM

674 elevated 
SBPM

4555 no previous 
elevated SBPM

219 Enrolled 

92 complete 
results for all BP 

measures

205 24h-ABPM 
device applied

183 complete 
results for all BP 

measures

119 Enrolled 

455 Excluded, 
live in hard-to-
reach areas

14 Consent 
withdrawn

10 Consent 
withdrawn

4436 Live in hard-to-
reach areas, not 

matched to standard 
BP positive cases

17 Missing or 
invalid results

22 Missing or 
invalid results

879 known 
hypertension with 

normal BP 

6,061 participants 
≥ 18 years

*60 with SBPM

109 24h-ABPM 
device applied

Fig. 1: Study flow. SBPM = standard blood pressure measurement; 24 h-ABPM = 24 h ambulatory blood pressure monitor; BP = blood pressure;
*Additional data between 01/09/2022 to 30/11/2022.
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ABPM are shown on Fig. 2 and Supplementary Figs. S1
and S2.

Diagnostic categories and performance of test
measurements on 24 h-ABPM
Fig. 3 shows diagnostic categories of participants using
≥140 mmHg systolic and ≥90 mmHg diastolic blood
pressure as cut offs for screening measurements,
against average 24 h-ABPM. For systolic blood pressure
values, the category of participants with white coat hy-
pertension was 20.0% and 9.8% with SBPM and 1st
uAPB, respectively (see Supplementary Table S2 in
supplementary material). The category of participants
with masked hypertension was similar for both SBPM
and 1st uABP: 21 (7.6%) and 25 (9.1%) respectively.
There were similar results for diastolic blood pressure
values. See Supplementary Figs. S3–S7 and
Supplementary Table S2–S7 in supplementary material
for diagnostic categories at different blood pressure
thresholds.

Across all three 24 h-ABPM reference thresholds,
overall AUROC was lower for SBPM compared to the
unattended measures. For systolic blood pressure
values, using 24 h-ABPM references for average, day-
time, and nighttime values, AUROCs ranged from 76%
to 81% for SBPM; 79%–89% for 1st uABP; and 79%–

88% for 2nd uABP measurements. AUROC differences
between SBPM and 1st uABP; and between SBPM and
2nd uABP were statistically significant (see Fig. 4 and
Supplementary Figs. S8 and S9). The difference in
AUROC between 1st and 2nd uABP was not significant.

Across different blood pressure cut offs using
average 24 h-ABPM and daytime 24 h-ABPM refer-
ences, sensitivity ranged from 85% (95% CI: 74–91) to
94% (89–97) for SBPM; 72% (65–79) to 93% (87–96) for
1st uABP; and 60% (52–68) to 91% (84–95) for 2nd
uABP. Specificity ranged from 38% (29–47) to 66%
(56–75) for SBPM; 52% (43–61) to 82% (73–89) for 1st
uABP; and 53% (44–62) to 94% (88–98) for 2nd uABP
(Table 3, and Supplementary Table S8). Using average
24 h-ABPM as reference, the optimal cut point on the
respective AUROCs closest to sensitivity = 100% and
specificity = 100% was 135 mmHg systolic and
81 mmHg diastolic for 1st uABP. Using daytime 24 h-
www.thelancet.com Vol 63 September, 2023
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BP Mean (SD) Mean difference (95% CI) P Correlation coefficient (CI) P

Standard BP (systolic) 144 (25)

Average 128 (20) −16 (−17 to −14) <0.0001 0.73 (0.67–0.78) <0.0001

Daytime 131 (20) −13 (−15 to −11) <0.0001 0.70 (0.64–0.76) <0.0001

Nighttime 123 (21) −21 (−24 to −19) <0.0001 0.61 (0.53–0.68) <0.0001

Standard BP (diastolic) 87 (14)

Average 81 (13) −6 (−7 to −4) <0.0001 0.67 (0.60–0.73) <0.0001

Daytime 85 (13) −2 (−4 to −1) 0.00052 0.66 (0.59–0.73) <0.0001

Nighttime 76 (14) −11 (−12 to −9) <0.0001 0.57 (0.48–0.64) <0.0001

1st uABP (systolic) 140 (26)

Average 128 (20) −12 (−14 to −10) <0.0001 0.81 (0.76–0.85) <0.0001

Daytime 131 (20) −9 (−10 to −7) <0.0001 0.81 (0.76–0.84) <0.0001

Nighttime 123 (21) −17 (−20 to −15) <0.0001 0.68 (0.61–0.74) <0.0001

1st uABP (diastolic) 86 (16)

Average 81 (13) −4 (−6 to −3) <0.0001 0.72 (0.66–0.77) <0.0001

Daytime 85 (13) −1 (−2 to 0.3) 0.12 0.73 (0.67–0.78) <0.0001

Nighttime 76 (14) −10 (−11 to −8) <0.0001 0.62 (0.54–0.68) <0.0001

2nd uABP (systolic) 135 (25)

Average 128 (20) −7 (−9 to −5) <0.0001 0.80 (0.75–0.84) <0.0001

Daytime 131 (20) −4 (−6 to −2) <0.0001 0.80 (0.76–0.84) <0.0001

Nighttime 123 (21) −12 (−15 to −10) <0.0001 0.69 (0.63–0.75) <0.0001

2nd uABP (diastolic) 84 (16)

Average 81 (13) −2 (−4 to −1) 0.00041 0.69 (0.63–0.75) <0.0001

Daytime 85 (13) 1 (−0.4 to 2.3) 0.17 0.69 (0.63–0.75) <0.0001

Nighttime 76 (14) −8 (−9 to −6) <0.0001 0.59 (0.50–0.66) <0.0001

BP: blood pressure; uABP: unattended blood pressure; 24 h-ABPM: 24 h ambulatory blood pressure monitor; CI: confidence interval.

Table 2: Mean difference and correlation between screening measurements and 24 h-ABPM values (reference).
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ABPM as reference, the optimal cut point for 1st uABP
was 136 mmHg systolic and 87 mmHg diastolic. See
Supplementary Table S9.

Discussion
This study compared the diagnostic accuracy of SBPM,
immediate (or 1st) uABP and delayed (or 2nd) uABP
during a population-based survey on arterial hyperten-
sion, using 24 h-ABPM as reference standard. Unat-
tended measurements showed significantly better
correlation with 24 h-ABPM and significantly better
discrimination than SBPM. Furthermore, uABP mea-
surements had fewer participants with white coat hy-
pertension than SBPM, while proportions of masked
hypertension were similar with both procedures. The
immediate uABP which is a more practical approach
during surveys, had similar findings as delayed uABP.
These results indicate that unattended blood pressure
measurement approaches may be a feasible approach to
improve accuracy of blood pressure measurement dur-
ing population-based surveys, and diagnosis of arterial
hypertension in community settings, where follow-up
measurements are not feasible. If confirmed in other
studies, unattended measurement approaches could
replace the currently used blood pressure measurement
protocol in the WHO STEPwise approach to surveil-
lance (STEPS).
www.thelancet.com Vol 63 September, 2023
To our knowledge, this is the first study to directly
compare diagnostic accuracy of SBPM and uABP during
a community-based screening in sub-Sahara Africa.
Strengths of the study are its prospective design, inte-
gration into a large survey that reflects real-life condi-
tions of broad community-based screening, and
inclusion of matched participants without elevated
blood-pressure at SBPM. The main limitation of this
study is that due to operational considerations, the
sequence of blood pressure measurements using
different approaches was not randomised, possibly
introducing an order effect. However, several studies
conducted in different settings did not find an impor-
tant order effect.16 Secondly, there were 22 missing re-
sults in the elevated SBPM group, and 17 missing
results in the normal SBPM group. Given that reasons
for missing data were mainly technical, we do not expect
that the exclusion of these participants results in a se-
lection bias. Further, at increasing blood pressure
values, the Bland–Altman plots show several extreme
points (Fig. 2). These extreme points likely reflect the
magnitude of white coat or masked hypertension effects
in some participants, as well as the dependence of the
white coat effect on blood pressure level.43,44 The
extreme points, however, imply that at very high blood
pressure values, agreement of screening measurements
with ambulatory blood pressure monitoring may be
7
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Fig. 2: Bland–Altman plots showing levels of agreement between the three screening measurements and daytime ambulatory blood pressure monitor
(24 h-ABPM). (2a, 2c, 2e) Show daytime 24 h-ABPM systolic blood pressure (SBP) vs SBP of SBPM, 1st uABP and 2nd uABP, respectively. (2b, 2d, 2f)
Show daytime 24 h-ABPM diastolic blood pressure (DBP) vs DBP of SBPM, 1st uABP and 2nd uABP, respectively. All values in mmHg. SBPM = standard
blood pressure measurement; uABP = unattended blood pressure.
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Fig. 3: Scatter plots of average 24-ABPM vs SBPM, 1st uABP and 2nd uABP. (a–c) Show average 24 h-ABPM SBP vs SBP of SBPM, 1st uABP and
2nd uABP respectively, using the cut off ≥140 mmHg. (d–f) Show average 24 h-ABPM DBP vs DBP of SBPM, 1st uABP and 2nd uABP
respectively, using the cut off ≥90 mmHg. 24 h-ABPM = 24-h ambulatory blood pressure monitor; SBPM = standard blood pressure mea-
surement; uABP = unattended blood pressure; SBP = systolic blood pressure; DBP = diastolic blood pressure. Black solid line is BP threshold for
average 24 h-ABPM (130 mmHg systolic, 80 mmHg diastolic); dashed line is BP threshold for screening measurements (140 mmHg systolic,
90 mmHg diastolic). Green colour- BP measurements match gold standard. Orange colour-masked hypertension. Red colour-white coat
hypertension.
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low.33,44 Finally, future studies may consider hierarchical
linear approaches to develop an overall model that ac-
counts for different diagnostic test accuracy. In the
current study, we focus on AUROC, sensitivity and
specificity traditionally used in primary diagnostic ac-
curacy studies.45

The burden of arterial hypertension and other
cardio-vascular risk factors is increasing in sub-Sahara
Africa.46 Regular surveillance of trends in prevalence is
important for African countries to design health pro-
grams and plan resource-allocations. With the STEPS
instrument, the WHO has created a standardized and
feasible approach that allows low- and middle-income
countries to estimate their burden of non-
communicable diseases.47 Our study found that unat-
tended measurements had better correlation with
24 h-ABPM and a higher area under the receiver
operating characteristic curve compared to the SBPM
used in STEPS. This is in line with other studies
reporting better diagnostic performance of uABP
measurements.16,48 One study conducted in Kenya,33

the only study assessing accuracy of uABP in sub-
Sahara Africa, found modest discriminatory accuracy
of uABP and concluded that uABP misclassified
www.thelancet.com Vol 63 September, 2023
significant proportions of individuals undergoing hy-
pertension screening. There, participants were identi-
fied in their homes and required to travel to clinics
where study procedures were conducted. Our study,
however, was carried out during a population-based
survey, and all processes initiated and concluded at
participants’ homesteads. Additionally, we compared
the diagnostic accuracy of immediate and delayed
uABP with SBPM.

Our study shows that the number of individuals with
so-called white coat hypertension was twice as high for
SBPM than for the unattended measurements. Previous
studies suggest that up to 30% of individuals diagnosed
with elevated blood pressure, commonly done with
SBPM, may actually have normal blood pressure.7 By
2016, 122 countries had conducted at least one STEPS
or STEPS-aligned survey, 42 of which were African
countries.49 An analysis of STEPS from 17 countries in
sub-Sahara Africa from 2010 to 201750 estimated that
13%–30% of 85,371 respondents had hypertension
(blood pressure ≥140/90 mmHg), with markedly low
access to treatment and advocating for increase in care
for those diagnosed. However, considering the results of
our study, a substantial proportion may have been
9
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Fig. 4: ROC curves using: (a) Systolic average 24 h-ABPM (≥130 mmHg) as reference vs systolic values of standard BP, 1st uABP, and 2nd uABP.
P = 0.0011 for AUC difference between 1st uABP and standard BP; P = 0.047 for AUC difference between 2nd uABP and standard BP; P = 0.24
for AUC difference between 1st uABP and 2nd uABP; (b) Diastolic average 24 h-ABPM (≥80 mmHg) as reference vs diastolic values of standard
BP, 1st uABP, and 2nd uABP. P = 0.45 for AUC difference between 1st uABP and standard BP; P = 0.066 for AUC difference between 2nd uABP
and standard BP; P = 0.16 for AUC difference between 1st uABP and 2nd uABP; (c) systolic daytime 24 h-ABPM (≥135 mmHg) as reference vs
systolic values of standard BP, 1st uABP, and 2nd uABP. P = 0.0024 for AUC difference between 1st uABP and standard BP; P = 0.0017 for AUC
difference between 2nd uABP and standard BP; P = 0.56 for AUC difference between 1st uABP and 2nd uABP; (d) Diastolic daytime 24 h-ABPM
(≥85 mmHg) as reference vs diastolic values of standard BP, 1st uABP, and 2nd uABP. P = 0.058 for AUC difference between 1st uABP and
standard BP; P = 0.029 for AUC difference between 2nd uABP and standard BP; P = 0.49 for AUC difference between 1st uABP and 2nd uABP.
ROC: receiver operating characteristics; AUC: area under the curve; uABP: unattended blood pressure; 24 h-ABPM: 24 h ambulatory blood
pressure monitoring.
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wrongly diagnosed. Such overestimation may lead to
over-reporting of prevalence figures and, possibly un-
necessary initiation of antihypertensive therapy.48,51,52

In our study, for the traditional threshold of 140/
90 mmHg, all screening tests had a discrimination be-
tween hypertension vs no hypertension that was in the
acceptable range only. For 1st uABP using daytime 24 h-
ABPM as reference, the optimal threshold was 136/
87 mmHg. However, due to a lack of data, the ideal
threshold for uABP is still subject to debate.28 Current
evidence indicates that uABP correlates best with day-
time 24 h-ABPM, for which reason 135/85 mmHg is
usually taken as threshold.16,35,53 The Canadian 2020
guidelines recommend 135/85 mmHg as uABP
threshold.37 This threshold is, however, based on studies
that were mainly conducted among non-African
www.thelancet.com Vol 63 September, 2023
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BP cut off Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) LR (+) (95% CI) LR (−) (95% CI) AUROC (95% CI)

Standard BP measurement

≥140/90 85 (78–91) 57 (48–66) 69 (61–76) 78 (68–86) 2.0 (1.6–2.5) 0.3 (0.2–0.4) 0.71 (0.66–0.77)

≥135/85 89 (83–94) 49 (40–58) 66 (59–73) 80 (70–89) 1.8 (1.5–2.1) 0.2 (0.1–0.4) 0.69 (0.64–0.74)

≥130/80 93 (88–97) 38 (29–47) 62 (55–69) 84 (72–92) 1.5 (1.3–1.7) 0.2 (0.1–0.3) 0.66 (0.61–0.70)

1st uABP

≥140/90 74 (66–81) 75 (66–82) 77 (68–84) 72 (64–80) 3.0 (2.1–4.1) 0.4 (0.3–0.5) 0.74 (0.69–0.80)

≥135/85 85 (78–90) 63 (54–71) 72 (64–78) 79 (69–86) 2.3 (1.8–2.9) 0.2 (0.2–0.4) 0.74 (0.69–0.79)

≥130/80 93 (87–96) 52 (43–61) 68 (61–75) 87 (77–93) 1.9 (1.6–2.3) 0.1 (0.1–0.3) 0.72 (0.67–0.77)

2nd uABP

≥140/90 64 (56–72) 90 (84–95) 88 (80–94) 70 (62–77) 6.6 (3.8–11.5) 0.4 (0.3–0.5) 0.77 (0.72–0.82)

≥135/85 77 (69–84) 70 (61–78) 74 (66–81) 74 (65–81) 2.6 (2.0–3.5) 0.3 (0.2–0.5) 0.74 (0.68–0.79)

≥130/80 91 (84–95) 53 (44–62) 68 (61–75) 84 (74–91) 1.9 (1.6–2.4) 0.2 (0.1–0.3) 0.72 (0.67–0.77)

BP: blood pressure; uABP: unattended blood pressure; 24 h-ABPM: 24 h ambulatory blood pressure monitor; CI: confidence interval; PPV: positive predictive value; NPV:
negative predictive value; LR: likelihood ratio.

Table 3: Accuracy of hypertension diagnosis at different blood pressure cut offs using daytime 24 h-ABPM as reference.
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participants. Population-specific studies that involve
cardiovascular outcomes will be needed to identify the
ideal cut-off for uABP in sub-Sahara Africa.33

Practicality and feasibility of uABP has been chal-
lenged by some experts, citing need for extra space,
equipment and personnel as potential barriers to its
implementation.28 In our study, we did not identify any
need for additional equipment or personnel since the
same care providers used the same devices for SBPM
and uABP. During household-based screening, it was
not a problem to find space in participants’ homes. uABP
may thus be an affordable and practical alternative to
labor- and logistic intensive 24 h-ABPM in resource-
limited settings where remoteness of target population,
availability of equipment and technical expertise for
interpretation limit practicality of 24 h-ABPM.

In conclusion, during a household-based survey,
uABP had better diagnostic accuracy and misclassified
fewer individuals as having hypertension than the
commonly used SBPM. Differences between uABP
taken on day one and uABP taken on the next day were
not significant, indicating that for survey settings, uABP
on the survey day may be sufficient. Given the better
diagnostic performance of uABP compared to SBPM,
survey protocols, such as the WHO STEPwise approach
to surveillance, may consider including uABP as an
affordable and feasible alternative to improve accuracy
of hypertension prevalence estimates obtained from
population-level assessments, and as a surrogate for
daytime 24 h-ABPM in population surveys.
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