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1 | INTRODUCTION

Elevated blood pressure (BP), affecting over 27% of South Asian adults,
is a leading modifiable risk factor contributing to the burden of cardio-
vascular disease (CVD) and premature death in the region.k2 This is
especially concerning, given that the South Asian population is known
to have higher risks of stroke and coronary heart disease than other
ethnic groups.3* Besides, the predominantly low- and middle-income
status of most South Asian countries poses a substantial challenge in
managing CVD, particularly in rural areas where healthcare systems
are resourced-limited.®

In 2019, stroke accounts for around 29% of the increasing CVD
disability-adjusted life years (DALYs) in South Asia, with Bangladesh
experiencing the highest age-standardized DALYs for stroke, surpass-
ing Pakistan and Sri Lanka (Figure S1).> One potential reason for such
disparity could be variations in BP levels. Isolated BP measurements
taken during clinic visits could not accurately reflect an individual’s
BP level.®” Recent hypertension guidelines have thus recommended
more extensive use of ambulatory blood pressure monitoring (ABPM)
to improve CVD risk management in patients diagnosed with clinic
hypertension,® which automatically records BP at regular intervals for
24 h.? The generated ABPM profile includes components such as 24-
h ambulatory, daytime, and nighttime systolic blood pressure (SBP),
which studies have consistently demonstrated to be better predictors
of target organ damage, cardiovascular events, and overall mortality
compared to clinic BP.19-12 Studies of South Asians living in the United
Kingdom showed important differences in clinic BP levels by coun-
try of origin.2315 The Newcastle Heart Project study and the 1999
Health Survey for England showed that Bangladeshi men and women
had lower age-standardized mean clinic BP than their Indian and
Pakistani counterparts.!*1> However, it remains unknown whether
cross-country differences in ambulatory BP profiles exist among their
compatriots still living in South Asia.

Our study, leveraging the baseline data collected from the Con-
trol of Blood Pressure and Risk Attenuation (COBRA) trial, aimed to

Lanka, adjusted mean 24-h ambulatory, daytime, and nighttime SBP were higher by
12.24 mmHg (95% Cl 4.28-20.20), 11.96 mmHg (3.87-20.06), and 12.76 mmHg (4.51-
21.01) in Bangladesh, separately. However, no significant differences were observed
between Pakistan and Sri Lanka (P> .05). Additionally, clinic SBP was significantly asso-
ciated with 24-h ambulatory (mean 0.38, 95% C1 0.28-0.47), daytime (0.37,0.27-0.47),
and nighttime SBP (0.40, 0.29-0.50) per 1 mmHg increase. The authors observed sub-
stantial cross-country differences in the distribution of ABPM profiles among patients
with uncontrolled clinic hypertension in rural South Asia. The authors findings indi-
cated the need to incorporate 24-h BP monitoring to mitigate cardiovascular risk,

particularly in Bangladesh.

ambulatory blood pressure monitor, South Asia, uncontrolled clinic hypertension

assess the cross-country differences in 24-h ambulatory, daytime, and
nighttime SBP levels among rural populations with uncontrolled clinic
hypertension (treated or untreated) in Bangladesh, Pakistan, and Sri
Lanka. Given the observed cross-country disparities in stroke bur-
den, we hypothesized significant differences in the distribution of 24-h
ambulatory, daytime, and nighttime SBP among patients across the
three countries. Additionally, we aimed to determine the proportion of
patients with ambulatory hypertension in each country, and to explore
the potential associations of patient characteristics (including clinic BP)

with ambulatory SBP levels.

2 | METHODOLOGY
2.1 | Study design, setting, and patient population

This multicountry study was embedded in the COBRA cluster-
randomized controlled trial in Bangladesh, Pakistan, and Sri Lanka.®

The COBRA trial was conducted in rural settings across multiple
districts, including Tangail and Munshigaonj in Bangladesh, Thatta in
Pakistan, and Putlam in Sri Lanka. A total of 30 rural clusters were ran-
domly selected, each having 250—300 households. These clusters were
grouped into geographically contiguous administrative units served by
government clinics. Ten units were first randomly selected from each
country, followed by a random selection of one cluster per unit based
on their distance from the clinic. Details of the study design have been
described elsewhere.

Briefly, the recruitment of trial patients involved research staff vis-
iting all adults aged 40 years or older in the selected clusters based on
information provided by the Local Health Office. Individuals who con-
sented were screened for eligibility, including measuring clinic BP using
the calibrated Omron HEM-7300 Blood Pressure Monitor (Omron
Corporation, Japan) in a sitting position. Readings were taken three
times with at least 3-min intervals, then the mean of the last two mea-
surements was recorded. Individuals with elevated clinic BP readings
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(clinic BP > 140/90 mmHg) were revisited after 2 weeks to confirm
their hypertension status, while those already on antihypertensive
medications were recruited during the first visit.

For this study, patients selected for 24-h ABPM tests during the trial
were included. Patients with consistently elevated clinic BP readings
in each set of two readings from two separate days would be eligible
for ABPM tests. A total of 420 patients were recruited (14 patients per
cluster) to undergo ABPM tests at the baseline, year 1, and year 2 of
the trial. The data collection timeframe for the baseline ABPM tests
spanned from July 2016 to Sept 2017, with minor variations across
the three countries. Specifically, we utilized the data collected at the
baseline of the trial for our analysis primarily due to its capacity to mit-
igate potential bias stemming from the antihypertensive intervention’s
impact on ABPM data.

2.2 | ABPM measurements

Research staff responsible for placing the ABPM monitors underwent
training to ensure consistency and accuracy. The training included a
workshop facilitated by an ABPM specialist, which focused on famil-
iarizing the research staff with the ABPM equipment, calibration
procedures, and the normal ranges of ABPM measurements. Addition-
ally, they were provided with a standard operating procedure and a
clinic checklist to ensure proper fitting of the ABPM monitors.

Before the ABPM tests, precautions were taken to confirm that
patients were sufficiently capable and comfortable in wearing the
ABPM monitors. Then, patients were invited to a designated facil-
ity within their cluster, with free transportation provided. Trained
research staff would apply the validated Spacelabs 90207 model
(Spacelabs Healthcare, US) on the nondominant arm of each patient
to conduct the ABPM tests. Following the application of ABPM mon-
itors, the patients were given standardized instructions about using
the monitor. Monitoring intervals were set at 30-min intervals during
the day (07:00-22:00) and hourly intervals during the night (22:00-
07:00). However, for patients who worked night shifts, the monitoring
intervals were adjusted accordingly to accommodate their specific cir-
cumstances. After 24 h, patients returned to the facilities for monitor
removal. In accordance with the ABPM guidelinef) ABPM measure-
ments with at least 70% valid readings, including at least 14 valid
daytime readings and 7 valid nighttime readings, were considered

acceptable.

2.3 | Statistical analysis

2.3.1 | Outcomes

We focused on three primary outcomes: 24-h ambulatory SBP, daytime
SBP, and nighttime SBP levels. The 24-h ambulatory SBP represented
the average SBP over 24-h, while daytime and nighttime SBP were
defined as the mean of SBP readings measured during the programmed

day/night period. Our secondary outcome was ambulatory hyperten-

sion, which was defined as 24-h ambulatory SBP > 130 mmHg and/or
24-h ambulatory diastolic blood pressure (DBP) > 80 mmHg, each rep-
resenting the mean ambulatory BP values over 24 h.17 Additionally,
we explored other components of the ABPM profile, including ambu-
latory DBP levels, abnormal nocturnal dipping (defined as night/day
SBP ratio > 0.9), and 24-h cumulative BP load.” While the clinical sig-
nificance of BP load remains unclear, recent findings suggest that the
24-h cumulative BP load, calculated as the area under the curve (AUC)
between the ambulatory BP curve and time axis using the composite
trapezoid rule, is predictive of target organ damage.'® Consequently,

we have adopted this component in our study.

2.3.2 | Analysis

First, the distributions of individual patient characteristics and ABPM
profiles were compared across Bangladesh, Pakistan, and Sri Lanka.
The P-values were calculated by adjusting for cluster-specific random
intercepts in Generalized Linear Mixed Model (GLMM) to account for
potential clustering effect within the data which comprised 30 clus-
ters. Then, we employed GLMM to examine the associations between
country and 24-h ambulatory SBP while adjusting for potential covari-
ates, including age (per 1 year), sex (female/male), clinic SBP (per
1 mmHg), education status (no formal education/educated), socioe-
conomic levels (poor, middle, rich), marital status (currently unmar-
ried/married), employment status (currently unemployed/employed),
obesity/overweight (yes/no), smoking habits (never smoke, former
smoker, current smoker), frequency of fruit and vegetable intake per
week (per 1 unit increase), physical activity level (inactive, minimally
active, highly active), chronic kidney disease (CKD, yes/no), diabetes
(yes/no), the number of antihypertensive medications used (0, 1, 2,
> 3), statins usage (currently using statins/currently not on statins),
high-density lipoprotein cholesterol (HDL, per 10 mg/dL increase),
low-density lipoprotein cholesterol (LDL, per 10 mg/dL increase), and
triglycerides levels (per 10 mg/dL increase). Including CKD and dia-
betes mellitus in the model was justified by previous studies, which
showed an increased risk of elevated ambulatory BP levels and altered
circadian BP rhythm in the presence of these comorbidities.'?20
Details about the measurement and definitions of these covariates can
be found in Supplemental information.

We also adjusted for the same set of potential covariates to exam-
ine the association between country and both daytime and nighttime
SBP levels. For each model, generalized variance inflation factor (GVIF)
was used to detect multicollinearity so that highly correlated patient
characteristics (GVIF > 10) could be removed.?! Cluster-specific ran-
dom intercepts were also included to account for potential clustering
effect. Standardized coefficients were calculated after standardizing
all continuous variables, including both the dependent and indepen-
dent variables, to z-scores using the mean and standard deviation
(SD).

Sensitivity analyses were conducted to examine the robustness of
our results. Since we applied multiple imputations for missing patient

covariates with country as the level-2 variable, we performed the

85US017 SUOLLLIOD BAER1D 3|qedljdde auy Aq pausenob afe 9l e VO ‘88N JO'Sa|nJ o AXeiq1T 8Ul|UO A1 UO (SUOIPUOO-PUR-SLLLBHWI0D" A3 | 1M Afe.d)1)BU1 |UO//SONY) SUORIPUOD pUe SWiia | 841 835 *[7202/20/TT] uo Arigiauluo &M ARy JO AisAIN Ad L8/4T Y ITTTT 0T/I0p/wod A8 M Ariq1jeuljuo//Sdny Wwoly papeojumod ‘0 ‘9LTLTSLT



ZHUET AL.

4—I—WI LEY

analysis on the subset of complete cases for comparison. The distri-
bution of the missing covariates did not differ substantially between
patients with observed data and those with imputed data (Table S1).
We also evaluated the sensitivity to departures to missing-at-random
(MAR) assumption with the delta-adjustment method. The impact of
multiple imputation was thus explored by allowing the degree of depar-
ture (delta) to MAR to vary by 0%, 10%, 20%, and 50% of the means
of observed data in all continuous missing patient covariates simulta-
neously. Further, we stratified the multivariable models by country to
explore the potential effect modification and identify any significant
interaction terms between patient characteristics and country. A P-
value threshold of <.05 was considered statistically significant. All the

analyses were performed using R version 4.2.1.

3 | RESULTS

A total of 420 patients aged 40 years or older with uncontrolled
clinic hypertension (clinic BP > 140/90 mmHg) were initially recruited
from Bangladesh, Pakistan, and Sri Lanka to undergo ABPM tests at
the baseline of the COBRA trial. Among them, 382 patients provided
ABPM measurements that met the acceptability criteria outlined in
the ABPM guideline,” and their data were included in this study and

constituted the final analysis sample.

3.1 | Distribution of individual patient
characteristics

Table 1 presents the characteristics of the 382 patients with
uncontrolled clinic hypertension across the three countries: 106
in Bangladesh, 178 in Pakistan, and 98 in Sri Lanka.

Overall, the study patients in the three countries had a mean age
of 58.3 (SD 11.0) years, and 64.7% of them were women. The distri-
bution of sociodemographic, lifestyle, comorbidities, medication usage,
and clinical variables varied across the countries. For example, Sri
Lanka had a higher proportion of patients who received formal edu-
cation (98.0%) compared to Bangladesh (51.9%) and Pakistan (26.4%)
(P<.001).

Patients in Sri Lanka had the highest mean clinic SBP level of
163.4 mmHg (SD 20.9), while patients in Bangladesh had a mean clinic
SBP level of 161.0 mmHg (SD 16.0) and those in Pakistan had a mean
level of 152.2 mmHg (SD 16.4) (P < .001). (See Figure S2A for pairwise
comparison).

The proportion of patients with self-reported heart disease was
highest in Bangladesh (19.8%), followed by Sri Lanka (10.2%) and
Pakistan (4.5%) (P = .006). Patients in Bangladesh also had the high-
est proportion of self-reported strokes (25.5%), while relatively lower
proportions were observed in Pakistan (5.6%) and Sri Lanka (5.1%)
(P < .001). In addition, the highest proportion of patients with CKD
was found in Sri Lanka (81.9%), followed by Bangladesh (52.8%) and
Pakistan (20.9%) (P < .001).

Substantial variations were also observed in the use of antihyper-
tensive medications and statins across the three countries. Bangladesh
had the highest proportion of patients taking antihypertensive med-
ications (98.1%), followed by Sri Lanka (92.9%) and Pakistan (17.4%)
(P<.001).

3.2 | Comparison of the distribution of ABPM
profiles across countries

Among patients with uncontrolled clinic hypertension, we observed
statistically significant cross-country differences in the distribution
of 24-h ambulatory SBP (Table 2). In terms of mean 24-h ambula-
tory SBP level, Bangladesh had the highest mean level (140.3 mmHg,
SD 18.6), followed by Pakistan (128.6 mmHg, SD 19.4) and Sri Lanka
(128.3 mmHg, SD 17.0) (P = .003). Similar patterns were observed
for daytime and nighttime SBP, with Bangladesh leading in mean day-
time SBP (144.0 mmHg, SD 19.0), followed by Sri Lanka (131.4 mmHg,
SD 17.1) and Pakistan (132.6 mmHg, SD 19.2) (P = .002). Likewise,
for nighttime SBP, Bangladesh had the highest level (133.2 mmHg,
SD 20.0), followed by Sri Lanka (122.8 mmHg, SD 18.9) and Pakistan
(122.0 mmHg, SD 21.8) (P = .037). (See Figure 1A for pairwise com-
parison with consistent results). The distributions of 24-h ambulatory,
daytime, and nighttime SBP levels revealed a different pattern com-
pared to that of the clinical SBP levels across the three countries
(Figure S2A).

We also observed an overall proportion of 56.5% with ambulatory
hypertension (24-h ambulatory SBP/DBP > 130/80 mmHg) (Table 2).
Among the three countries, Bangladesh had the highest proportion of
patients with ambulatory hypertension (72.6%, 95% confidence inter-
val (Cl) 63.5-80.2%), whereas lower proportions were observed in
Sri Lanka (51.0%, 95% Cl 41.3-60.7) and Pakistan (50.0%, 95% CI
42.7-57.3) (P =.014) (Figure 1B).

Moreover, the comparison of 24-h cumulative SBP load demon-
strated that Bangladesh had the highest SBP load (3231.1, SD 431.2),
followed by Pakistan (2957.8, SD 437.6) and Sri Lanka (2950.2, SD
382.1) (P <.001) (Figure S2B).

3.3 | Adjusted comparison of 24-hour ambulatory,
daytime, and nighttime SBP across countries

As shown in Table 3, after controlling for age, sex, clinic SBP, sociode-
mographic, lifestyle, comorbidities, medication usage, as well as clinical
variables, the coefficient for 24-h ambulatory SBP remained higher and
statistically significant in Bangladesh (12.24, 95% Cl 4.28 to 20.20)
compared to Sri Lanka. Similarly, as shown in Tables 4 and 5, daytime
SBP (11.96, 95% Cl 3.87-20.06) and nighttime SBP (12.76, 95% ClI
4.51-21.01) were consistently higher in Bangladesh than those in Sri
Lanka. These differences with standardized effect size of 0.66 (95%
Cl 0.23-1.09) for 24-h ambulatory SBP, 0.64 (95% Cl 0.21-1.07) for
daytime SBP, and 0.63 (95% Cl 0.23-1.04) for nighttime SBP also sug-
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TABLE 1 Sociodemographic and disease characteristics of patients with uncontrolled clinic hypertension across rural Bangladesh, Pakistan,

and Sri Lanka.

Sociodemographic variables
Age in year, mean (SD)
Sex, n (%)
Female
Male
Marital status, n (%)
Currently unmarried
Married
Socioeconomic level, n (%)
Poor
Middle
Rich
Education status, n (%)
Not received formal education
Educated
Employment status, n (%)
Currently unemployed
Employed
Lifestyle variables
BMI in kg/m?2, mean (SD)
(Missing)
Waist circumference in cm, mean (SD)
Obese/overweight, n (%) (Ref: Nonobese)
(Missing)

Frequency of fruit and vegetable intake per week,
mean (SD)

(Missing)
Physical activity level, n (%)

Inactive

Minimally active

Highly active

(Missing)
Smoking habit, n (%)

Never Smoke

Former Smoker

Current Smoker
Comorbidities
Self-reported heart disease, n (%)
Self-reported stroke, n (%)
Chronic kidney disease, n (%)

(Missing)

Bangladesh
(N =106)

58.0(11.3)

73(68.9%)
33(31.1%)

29 (27.4%)
77 (72.6%)

24(22.6%)
71(67.0%)
11(10.4%)

51(48.1%)
55(51.9%)

84(79.2%)
22(20.8%)

23.7 (4.0)
0
84.6(10.9)
48 (45.3%)
0
17.0(7.7)

24(22.6%)
29(27.4%)
53(50.0%)
0

84 (79.2%)
14 (13.2%)
8(7.5%)

21(19.8%)
27 (25.5%)
56(52.8%)
0

Pakistan
(N=178)

56.4(11.1)

107 (60.1%)
71(39.9%)

40(22.5%)
138(77.5%)

34(19.1%)
125(70.2%)
19 (10.7%)

131(73.6%)
47 (26.4%)

110(61.8%)
68(38.2%)

25.0(5.3)

0
88.6(12.9)
108 (60.7%)
0

6.9(2.7)

68 (38.4%)
20(11.3%)
89(50.3%)
1

130(73.0%)
27 (15.2%)
21(11.8%)

8(4.5%)
10 (5.6%)
32(20.9%)
25

SrilLanka
(N=98)

62.1(9.8)

67 (68.4%)
31(31.6%)

33(33.7%)
65 (66.3%)

15(15.3%)
68 (69.4%)
15(15.3%)

2(2.0%)
96 (98.0%)

74 (75.5%)
24 (24.5%)

26.0(4.6)
3
92.5(12.1)
65 (68.4%)
3
18.2(7.9)

23(23.7%)
24 (24.7%)
50(51.5%)
1

80 (81.6%)
16 (16.3%)
2(2.0%)

10 (10.2%)
5(5.1%)
77 (81.9%)
4

Total
(N=382)

58.3(11.0)

247 (64.7%)
135(35.3%)

102 (26.7%)
280 (73.3%)

73(19.1%)
264 (69.1%)
45(11.8%)

184 (48.2%)
198 (51.8%)

268 (70.2%)
114(29.8%)

24.9 (4.8)

3
88.5(12.5)
221(58.3%)
3

12.5(8.0)

115 (30.3%)
73(19.2%)
192 (50.5%)
2

294 (77.0%)
57 (14.9%)
31(8.1%)

39(10.2%)
42(11.0%)
165 (46.7%)
29

P-value*

.003
299

.133

.709

<.001

059

.004

.001
.004

<.001

377

169

.006
<.001
<.001

(Continues)

85U017 SUOWILIOD BAIIE8.D) 8]qedt|dde sy Aq peusenob ase sspiie YO ‘88N JO Se|ni 1oy Ariqi 8UlUO 3|1 UO (SUORIPUOD-PUR-SWSHW0D A8 |ImAIq ! BUI|UO//:SdNY) SUORIPUOD PUe SWIB | 8U188S *[7202/20/TT] uo Ariqi]auliuo A AR JO AISRAIUN AQ £8/4TYI/TTTT0T/I0p/W00 8| 1M ARIq Ul UO//SANY WOl papeo|umod ‘0 ‘9L TLTSLT



6_|_ W ZHUET AL.
ILEY
TABLE 1 (Continued)
Bangladesh Pakistan SrilLanka Total P-value*
(N =106) (N=178) (N=98) (N =382)

Diabetes, n (%) 19 (17.9%) 29(18.2%) 28(29.8%) 76 (21.2%) .068
(Missing) 0 19 4 23

Medication usage

Number of antihypertensive medications used, n (%) <.001
0 2(1.9%) 147 (82.6%) 7(7.1%) 156 (40.8%)
1 63(59.4%) 28 (15.7%) 44 (44.9%) 135(35.3%)
2 32(30.2%) 2(1.1%) 35(35.7%) 69 (18.1%)
3ormore 9 (8.5%) 1(0.6%) 12 (12.2%) 22(5.8%)

Currently using satins (Ref: Not currently on 7 (6.6%) 4(2.2%) 41 (41.8%) 52(13.6%) <.001
statins), n (%)

Clinical variables

Clinic SBP in mmHg, mean (SD) 161.0(16.0) 152.2(16.4) 163.4(20.9) 157.5(18.2) <.001

Clinic DBP in mmHg, mean (SD) 96.3(12.2) 93.9(12.0) 96.0(13.0) 95.1(12.3) .209

eGFR in mL/min per 1.73 m2, mean (SD) 75.6(21.0) 95.5(19.1) 52.8(10.8) 78.5(25.0) <.001
(Missing) 0 19 4 23

Log, urine spot albumin-to-creatinine ratioinmg/g, 2.9 (1.8) 24(1.2) 3.2(0.9) 2.8(1.4) .001
mean (SD)
(Missing) 0 24 4 28

24-h urine sodium estimates in g/day, mean (SD) 4.3(1.5) 4.1(1.4) 5.4(1.4) 4.5(1.5) <.001
(Missing) 0 24 5 29

HDL cholesterol in mg/dL, mean (SD) 38.9(10.9) 42.4(11.8) 54.4(9.2) 44.5(12.4) <.001
(Missing) 0 20 4 24

LDL cholesterol in mg/dL, mean (SD) 130.7 (36.7) 111.6(33.0) 132.1(41.3) 122.5(37.6) .002
(Missing) 2 19 4 25

Fasting blood glucose in mg/dL, median (IQR) 99.2(91.1,118.3) 94.0(86.0,110.5) 110.3(100.0,134.0)  99.8(90.0,119.0) .001
(Missing) 0 19 4 23

Triglycerides in mg/dL, mean (SD) 165.7 (78.4) 152.3(78.3) 128.1(59.5) 149.9 (75.1) .005
(Missing) 1 19 5 25

Total cholesterol in mg/dL, mean (SD) 192.0(37.5) 175.8 (40.5) 210.9 (48.6) 189.7 (44.2) <.001
(Missing) 3 19 5 27

Notes: Obese/overweight is defined as BMI > 23.5 kg/m?2.4° Chronic kidney disease is defined as eGFR < 60 mL/min per 1.73 m? and/or urine albumin-to-
creatinine ratio > 30 mg/g.*! Diabetes mellitus is defined as fasting plasma glucose > 126 mg/ml.*2
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; IQR,
interquartile range; LDL, low-density lipoprotein; SBP, systolic blood pressure; SD, standard deviation.
*P-values were computed using linear or generalized linear mix-effect models with cluster-specific random intercepts to account for the clustering effects

within the data.

gested a large clinical significance.?2 However, the levels of ambulatory
SBP among patients in Pakistan were comparable to those in Sri Lanka.
In addition, higher clinic SBP, currently unmarried (vs. married), and
presence of CKD were significantly associated with elevated ambula-
tory SBP levels among patients with uncontrolled clinic hypertension
(P < .05), even after adjusting for country, age, sex, and other patient
covariates (Tables 3-5). Specifically, every 1 mmHg increase in clinic
SBP was significantly associated with a rise in 24-h ambulatory SBP
(mean 0.38, 95% Cl 0.28-0.47), daytime SBP (mean 0.37, 95% ClI
0.27-0.47), and nighttime SBP (mean 0.40, 95% Cl 0.29-0.50).

34 |

Sensitivity analysis

The results of the complete case analysis were consistent with those
obtained from imputed datasets, except for marital status, which was
no longer significantly associated with ambulatory SBP levels (Tables
S$2-54).

In addition, the coefficient estimates of the country and patient
characteristics remained robust after delta adjustment, indicating that
our findings were unlikely to be substantially affected by the missing

data mechanism (Figure S3).
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TABLE 3 Patient characteristics associated with 24-h ambulatory SBP among patients with uncontrolled clinic hypertension in rural
Bangladesh, Pakistan, and Sri Lanka.
24-h ambulatory SBP
coefficient, mmHg Standardized
Characteristics (95% Cl) P-value coefficient (95% CI)
Country (Ref: Sri Lanka) (—.005)
Bangladesh 12.24(4.28,20.20) .003 0.66(0.23,1.09)
Pakistan 7.39(—2.04,16.81) 124 0.42(—0.08,0.92)
Age, per 1 year increase 0.13 (-0.05,0.31) 165 0.07 (—0.03,0.18)
Male (Ref: Female) 3.99(-1.14,9.12) 127 0.21(—0.05,0.48)
Clinic SBP, per 1 mmHg increase 0.38(0.28,0.47) <.001 0.36(0.26,0.45)
Sociodemographic variables
Educated (Ref: Not received formal education) —2.90(-7.40,1.61) 207 —0.15(-0.38,0.08)
Employed (Ref: currently unemployed) —1.05(-5.73,3.62) 658 —0.06 (—0.30,0.19)
Socioeconomic levels (Ref: Poor) (—-.025)
Middle 4.87(0.16,9.57) .043 0.25(0.01,0.50)
Rich 9.02(2.05, 15.98) 011 0.46(0.10,0.82)
Married (Ref: Currently unmarried) —4.81(-9.06,-0.55) .027 —0.25(-0.47,-0.03)
Lifestyle variables
Obese/overweight (Ref: Nonobese) —1.75(-5.52,2.01) 361 —0.09 (-0.29,0.10)
Smoking habit (Ref: Never smoke) (—.167)
Former smoker 0.42(-5.08,5.92) .881 0.02(—0.27,0.30)
Current smoker 5.86(-0.77,12.50) .083 0.29 (—=0.06,0.63)
Frequency of fruit and vegetable intake per week, per —0.11(-0.47,0.25) 543 —0.03(-0.18,0.12)
1 unitincrease
Physical activity level (Ref: Inactive) (—.789)
Minimally active 1.64 (—3.45,6.73) 526 0.08 (—0.18,0.35)
Highly active 0.53(—3.57,4.64) 799 0.03(—0.18,0.24)
Comorbidities
Chronic kidney disease 4.94(0.69,9.19) .023 0.28(0.03,0.52)
Diabetes 1.23(-3.83,6.29) 631 0.05(—0.22,0.32)
Medication usage
Number of antihypertensive medications, n (Ref = 0) (-.763)
1 2.38(-4.15,8.91) 474 0.11(-0.23,0.45)
2 2.74(-5.25,10.74) .500 0.12(-0.29,0.54)
3ormore 0.48 (—9.24, 10.20) .923 0.01(-0.50,0.51)
Currently taking statins (Ref: Not currently taking 3.91(-1.91,9.73) 187 0.20(—0.10,0.50)
statins)
Clinical variables
HDL cholesterol level, per 10 mg/dL increase —1.37(-3.26,0.53) 156 —0.07 (—0.20, 0.06)
LDL cholesterol level, per 10 mg/dL increase 0.12(-0.41,0.64) 667 0.01(—0.10,0.12)
Triglycerides level, per 10 mg/dL increase 0.13(-0.13,0.39) 311 0.06 (-0.06,0.17)
(Intercept) 57.60(33.41,81.79) <.001 —-0.61(-1.15,-0.07)

Notes: Obese/overweight is defined as BMI > 23.5 kg/mZ2.4° Chronic kidney disease is defined as eGFR < 60 mL/min per 1.73 m? and/or urine albumin-to-
creatinine ratio > 30 mg/g.*" Diabetes mellitus is defined as fasting plasma glucose > 126 mg/ml.*?

Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure.

P-values in bold represented joint-significance of all the categories using the likelihood-based comparisons. The sample size for each country was as follows:
Bangladesh (N = 106), Pakistan (N = 178), and Sri Lanka (N = 98).
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TABLE 4 Patient characteristics associated with daytime SBP among patients with uncontrolled clinic hypertension in rural Bangladesh,

Pakistan, and Sri Lanka.

Daytime SBP Coefficient,

Standardized

Characteristics mmHg (95% Cl) P-value Coefficient (95% Cl)
Country (Ref: Sri Lanka) (0.006)
Bangladesh 11.96(3.87,20.06) 0.004 0.64(0.21,1.07)
Pakistan 8.50 (—1.05, 18.06) 0.081 0.48 (—0.03,0.98)
Age, per 1 year increase 0.08(-0.11,0.27) 0.396 0.04 (—=0.06,0.15)
Male (Ref: Female) 4.46 (—0.75,9.67) 0.093 0.24(-0.03,0.51)
Clinic SBP, per 1 mmHg increase 0.37(0.27,0.47) <0.001 0.35(0.26,0.44)
Sociodemographic variables
Educated (Ref: Not received formal education) —2.88(—7.45,1.69) 0.215 —0.15(-0.38,0.09)
Employed (Ref: currently unemployed) —0.94 (-5.68, 3.80) 0.697 —0.05(-0.30,0.19)
Socioeconomic levels (Ref: Poor) (0.069)
Middle 4.26 (—0.51, 9.04) 0.080 0.22(—0.03,0.47)
Rich 7.69(0.62,14.76) 0.033 0.39(0.02,0.75)
Married (Ref: Currently unmarried) —4.92(-9.24,-0.60) 0.026 —0.26 (—0.48,—-0.03)
Lifestyle variables
Obese/overweight (Ref: Nonobese) —2.22(-6.06,1.61) 0.255 —0.12(-0.32,0.08)
Smoking habit (Ref: Never smoke) (0.082)
Former smoker —1.31(-6.88,4.27) 0.646 —0.07 (—0.36,0.21)
Current smoker 6.32 (—0.40, 13.04) 0.065 0.31 (—0.04,0.66)
Frequency of fruit and vegetable intake per week, per 1 —0.08 (—0.44,0.28) 0.651 —0.01(-0.16,0.14)
unit increase
Physical activity level (Ref: Inactive) (0.685)
Minimally active 2.00(—3.16,7.16) 0.447 0.10(-0.17,0.37)
Highly active 1.28(—2.88,5.44) 0.545 0.07 (—0.15,0.28)
Comorbidities
Chronic kidney disease 4.32(0.18, 8.46) 0.041 0.24 (0.00,0.48)
Diabetes 0.80(—4.13,5.74) 0.749 0.03(-0.23,0.29)
Medication usage
Number of antihypertensive medications, n (Ref = 0) (0.339)
1 4.43(-2.19,11.05) 0.189 0.21(—0.13,0.56)
2 4.44 (-3.65,12.53) 0.281 0.21(—0.21,0.63)
3 or more 0.93(-8.93,10.79) 0.853 0.03(-0.48,0.54)
Currently taking statins (Ref: Not currently taking 2.04 (-3.87,7.95) 0.498 0.10(-0.20,0.41)
statins)
Clinical variables
HDL cholesterol level, per 10 mg/dL increase —-1.07 (-3.01,0.87) 0.276 —0.05(-0.19,0.08)
LDL cholesterol level, per 10 mg/dL increase 0.11(-0.43,0.65) 0.685 0.01(-0.10,0.12)
Triglycerides level, per 10 mg/dL increase 0.13(-0.13,0.39) 0.331 0.05(—0.06,0.17)
(Intercept) 63.48 (38.95,88.01) <0.001 -0.62(-1.17,-0.08)

WI LEYJ—9

Notes: Obese/overweight is defined as BMI > 23.5 kg/m?.%° Chronic kidney disease is defined as eGFR < 60 mL/min per 1.73 m? and/or urine albumin-to-
creatinine ratio > 30 mg/g.*! Diabetes mellitus is defined as fasting plasma glucose > 126 mg/ml.*?

Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein, LDL, low-density lipoprotein; SBP, systolic blood pressure.

P-values in bold represented joint-significance of all the categories using the likelihood-based comparisons. The sample size for each country was as follows:
Bangladesh (N = 106), Pakistan (N = 178), and Sri Lanka (N = 98).

85U017 SUOWILIOD BAIIE8.D) 8]qedt|dde sy Aq peusenob ase sspiie YO ‘88N JO Se|ni 1oy Ariqi 8UlUO 3|1 UO (SUORIPUOD-PUR-SWSHW0D A8 |ImAIq ! BUI|UO//:SdNY) SUORIPUOD PUe SWIB | 8U188S *[7202/20/TT] uo Ariqi]auliuo A AR JO AISRAIUN AQ £8/4TYI/TTTT0T/I0p/W00 8| 1M ARIq Ul UO//SANY WOl papeo|umod ‘0 ‘9L TLTSLT



® | WILEY

ZHUET AL.

TABLE 5 Patient characteristics associated with nighttime SBP among patients with uncontrolled clinic hypertension in rural Bangladesh,

Pakistan, and Sri Lanka.

Nighttime SBP
coefficient, mmHg

Standardized

Characteristics (95% Cl) P-value coefficient (95% CI)
Country (Ref: Sri Lanka) (.005)
Bangladesh 12.76(4.51,21.01) .003 0.63(0.23,1.04)
Pakistan 6.76 (—3.15,16.67) .180 0.35(-0.12,0.83)
Age, per 1 year increase 0.23(0.02,0.43) .029 0.12(0.01,0.22)
Male (Ref: Female) 3.42(-2.27,9.12) .238 0.17(—0.10,0.44)
Clinic SBP, per 1 mmHg increase 0.40(0.29,0.50) <.001 0.34(0.25,0.44)
Sociodemographic variables
Educated (Ref: Not received formal education) —1.64 (-6.65,3.37) 521 —0.08(-0.31,0.16)
Employed (Ref: currently unemployed) —0.52(—5.69,4.65) 842 —0.02(-0.27,0.22)
Socioeconomic levels (Ref: Poor) (.024)
Middle 5.97(0.78,11.16) 024 0.28(0.04,0.53)
Rich 9.57(1.88,17.26) 015 0.45(0.08,0.81)
Married (Ref: Currently unmarried) —5.15(-9.89, -0.40) .034 —-0.25(-0.47,-0.02)
Lifestyle variables
Obese/overweight (Ref: Nonobese) —1.09 (—5.25, 3.06) 604 —0.05(-0.25,0.15)
Smoking habit (Ref: Never smoke) (.447)
Former smoker 2.55(-3.56,8.66) 412 0.12(-0.17,0.41)
Current smoker 3.92(-3.45,11.29) 296 0.17 (-0.18,0.52)
Frequency of fruit and vegetable intake per week, per 1 —0.19(-0.56,0.19) .336 —0.05 (-0.20,0.09)
unit increase
Physical activity level (Ref: Inactive) (.769)
Minimally active 1.25 (—4.40, 6.90) 664 0.06 (=0.21,0.33)
Highly active —0.56 (-5.11,3.99) .809 —0.02(-0.24,0.19)
Comorbidities
Chronic kidney disease 6.09(1.10,11.08) .017 0.31(0.05,0.57)
Diabetes 1.40(—4.36,7.16) 631 0.05(—0.23,0.33)
Medication usage
Number of antihypertensive medications, n (Ref = 0) (.999)
1 —0.48(—7.63,6.68) 896 —0.04 (-0.37,0.30)
2 0.01(-8.79,8.82) .997 —0.02(-0.43,0.40)
3ormore -0.41(-11.14,10.32) .939 —0.04 (-0.54,0.47)
Currently taking statins (Ref: Not currently taking 6.98(0.52,13.43) 034 0.33(0.02,0.63)
statins)
Clinical variables
HDL cholesterol level, per 10 mg/dL increase —1.84(-3.89,0.22) .080 —0.09 (—0.22,0.05)
LDL cholesterol level, per 10 mg/dL increase 0.07 (—0.50, 0.65) .805 0.00(—0.11,0.11)
Triglycerides level, per 10 mg/dL increase 0.17 (-0.12,0.45) 254 0.06 (-0.05,0.17)
(Intercept) 44.42(17.76,71.08) .001 —0.59 (-1.12,-0.06)

Notes: Obese/overweight is defined as BMI > 23.5 kg/mZ2.4° Chronic kidney disease is defined as eGFR < 60 mL/min per 1.73 m? and/or urine albumin-to-
creatinine ratio > 30 mg/g.*" Diabetes mellitus is defined as fasting plasma glucose > 126 mg/ml.*?

Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein, LDL, low-density lipoprotein; SBP, systolic blood pressure.

P-values in bold represented joint-significance of all the categories using the likelihood-based comparisons. The sample size for each country was as follows:
Bangladesh (N = 106), Pakistan (N = 178), and Sri Lanka (N = 98).
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FIGURE 1 Comparison of ambulatory systolic blood pressure levels and the proportion of individuals with ambulatory hypertension in
patients with uncontrolled clinic hypertension across rural Bangladesh, Pakistan, and Sri Lanka. (A) Violin plot comparing the distribution of 24-h

ambulatory, daytime, and nighttime SBP levels in patients with uncontrolled clinic hypertension across the three countries. (B) Bar plot comparing

the proportions of patients having ambulatory hypertension (defined as 24-h ambulatory SBP/DBP > 130/80 mmHg) across the three countries.
The black dots represented the mean and the error bars represented 95% confidence interval (Cl). Pairwise comparison was conducted using the
t-test, with Sri Lanka serving as the reference group. ns > 0.05, *p < .05, **p < .001.

Furthermore, the country-level findings were consistent in terms of
the magnitude or direction of the coefficients, indicating that there was
no significant effect modification by patient characteristics in our study
(Figure S4).

4 | DISCUSSION

In 382 individuals with uncontrolled clinic hypertension from rural
communities in Bangladesh, Pakistan, and Sri Lanka, we found signif-
icant cross-country differences in the distribution of ABPM profiles
among the three countries. Notably, individuals with uncontrolled
clinic hypertension in Bangladesh exhibited a higher proportion of
ambulatory hypertension and a higher level of 24-h ambulatory SBP
compared to those in Sri Lanka. Furthermore, this difference in 24-h
ambulatory SBP levels between the two countries persisted even after
accounting for potential differences in patients’ sociodemographic,
lifestyle, comorbidities, antihypertensive medication use, and clini-
cal characteristics across the countries. Daytime and nighttime SBP
exhibited similar patterns to 24-h ambulatory SBP. Conversely, no sig-
nificant differences were observed in the distribution of ABPM profiles
between Sri Lanka and Pakistan. We also observed a high proportion of
ambulatory hypertension and distinct variations between the distribu-
tion patterns of ambulatory SBP and clinic SBP levels. Moreover, our

findings also indicated that higher clinic BP, being unmarried, and the

presence of CKD were strong predictors of higher levels of ambula-
tory SBP in South Asia. However, these patient characteristics did not
fully explain the observed cross-country differences in ambulatory SBP
levels. Our findings are the first to explore ABPM profiles and their
cross-country differences independent of individual-level risk factors
among rural populations in South Asia. This highlights the importance
of incorporating 24-h BP monitoring when evaluating and treating
these patients with uncontrolled clinic hypertension, particularly in
Bangladesh. Our findings also call for a more in-depth analysis of the
social determinants of health to understand the underlying causes for
the cross-country differences in ABPM profiles in South Asia.

It is important to note that while patients with uncontrolled clinic
hypertension in Bangladesh had the highest proportion of ambulatory
hypertension (72.6%), they were also most likely to use antihyperten-
sive medications (98.1%) compared to the other two countries. Fur-
thermore, patients with uncontrolled clinic hypertension in Bangladesh
were also more likely to self-report heart disease and stroke than their
counterparts in Pakistan and Sri Lanka. This suggests a more unfavor-
able cardiovascular profile that could be linked to the poorer ABPM
profiles of patients in Bangladesh. However, the possibility of reverse
causality cannot be disregarded.

Consistent with previous studies, we identified several patient char-
acteristics significantly associated with 24-h ambulatory, daytime, and
nighttime SBP. Notably, clinic SBP demonstrated a robust associa-

tion with ambulatory SBP levels, even after adjusting for country, age,
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sex, and other potential covariates.? In addition, in line with prior
observations in this region,2*"2” being unmarried (vs. married) and
the presence of CKD were also significantly associated with higher
ambulatory SBP levels.

Interestingly, while patients in Bangladesh had significantly higher
levels of 24-h ambulatory, daytime, and nighttime SBP compared to
Sri Lanka, no significant differences were observed in clinic SBP levels
between the two countries. This finding was consistent with previous
meta-analyses that identified discrepancies in clinic BP versus ambu-
latory BP—with clinic BP measurements exhibiting approximately 74%
accuracy compared to ABPM in identifying elevated BP.282? Such dis-
crepancy raises intriguing questions regarding the differences in the
underlying factors and implications of clinic BP versus ambulatory BP
levels. In accordance with prior research,3°-32 our findings indicated
that clinic SBP was not the only determinant of ambulatory SBP lev-
els. This was evident from the weak correlation observed between
clinic and ambulatory BP in several large observational studies involv-
ing both treated and untreated patients.2333 Other factors,3334 such
as individual characteristics, cultural background, and environmental
factors, collectively contributed to the elevation of ambulatory SBP
levels, which have been identified as predictors of cardiovascular risk
superior to clinic SBP.10:11

In recent years, South Asia has undergone rapid demographic
and economic transitions, which have contributed to an increase in
hypertension-related challenges. Our research findings have signif-
icant implications for public health in the region and support the
broader use of ABPM in the clinical management of patients with
uncontrolled clinic hypertension. Adopting ABPM can improve cardio-
vascular risk management, particularly for stratifying cardiovascular
risk and for assessing antihypertensive treatment aimed at reduc-
ing major cardiovascular events.®> However, studies also show that
adoption of ABPM was influenced by its high cost, as well as the accept-
ability of patients and healthcare providers. While studies in the United
States and the UK have supported ABPM as the most cost-effective
strategy in diagnosing hypertension compared with clinic BP and home
BP measurement,3¢37 evidence in LMIC settings is scarce. Therefore,
there is a pressing need for future studies to evaluate the effective-
ness and cost-effectiveness of ABPM in LMIC settings to optimize
its implementation and improve cardiovascular care for patients with
uncontrolled clinic hypertension in resource-constrained regions.

Our study also highlights that the vast majority of patients with
uncontrolled clinic hypertension in Pakistan remained untreated,
mainly due to the lack of free access to antihypertensive medications,
which needs to be addressed urgently.

Our study has several strengths. It was the first to examine the
distribution of ABPM profiles within a community-based population
in rural areas of Bangladesh, Pakistan, and Sri Lanka, providing novel
insights into the cross-country differences in ambulatory BP levels in
patients with uncontrolled clinic hypertension in South Asia, which
have remained understudied. We used standardized ABPM devices
and implemented a common protocol across all countries, ensuring
data consistency and comparability. By focusing on ABPM profiles and

their associated factors, our study further aligned with the pressing

public health challenges posed by the escalating CVD burden in South
Asia, which holds the potential to guide subsequent studies and inform
the design of targeted interventions.

Our study has some limitations. First, our population may not rep-
resent the entire population in the three countries. However, our
study clusters were all randomly selected from their representative
rural districts. Second, our population with a highly skewed distribu-
tion of patients taking antihypertensive medications across the three
countries may introduce potential selection bias. Although the pro-
tocol was uniform in all three countries, a potential selection bias is
possible as reflected in the varying use of antihypertensive medica-
tions among countries. However, this discrepancy may also reflect the
actual gap in the proportions of patients with hypertension receiv-
ing antihypertensive medications across the three countries.3® Third,
we acknowledged the possibility of overadjustment in our multivari-
able models, which could potentially underestimate true associations.
Nevertheless, including these covariates was essential to capture the
distinct characteristics of each country’s population and healthcare
system, ensuring a more thorough analysis of the cross-country differ-
ences in ambulatory BP levels. Finally, the cross-country differences
in the distribution of ABPM profiles might be partially explained by
other social and environmental determinants of health such as macroe-
conomic policies, social cohesion and networks, availability of green
space, psychosocial stress, and the climate, which was not assessed in
our study.”3? Larger, more representative studies with comprehensive
measures of potential patient characteristics associated with ambula-
tory BP in South Asia are needed in the future to confirm our findings
and better understand the reasons why patients with uncontrolled
clinic hypertension in Bangladesh have higher levels of ambulatory SBP
compared to those in Sri Lanka.

5 | CONCLUSIONS

In conclusion, our findings revealed a high burden of ambulatory hyper-
tension and cross-country differences in the distribution of ABPM
profile among the rural population with uncontrolled clinic hyperten-
sion in South Asia. Specifically, patients in Bangladesh had higher levels
of 24-h ambulatory, daytime, and nighttime SBP compared with those
in Sri Lanka, indicating the need to incorporate 24-h BP monitoring
when evaluating and treating these patients to mitigate cardiovascu-
lar risk, particularly in Bangladesh. Our findings also identified several
predictors of ambulatory SBP in South Asia, including higher clinic
BP, being unmarried, and the presence of CKD. By exploring ABPM
profiles in South Asia, our study underscored the need to confirm
elevated clinic BP and consider additional predictors, such as ambu-
latory SBP levels, to enhance the management and prevention of

hypertension-related complications in this region.
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