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ABSTRACT

Objective The objective of this study was to estimate
the population distribution of 10-year cardiovascular
disease (CVD) risk among Bangladeshi adults aged

40 years and above, using the 2019 WHO CVD risk
prediction charts. Additionally, we compared the cost of
CVD pharmacological treatment based on the total CVD
risk (thresholds >30%/>20%) and the single risk factor
(hypertension) cut-off levels in the Bangladeshi context.
Study design Cross-sectional, population-based study.
Setting and participants From 2013 to 2014, we
collected data from a nationally representative cross-
sectional survey of adults aged >40 years from urban
and rural areas of Bangladesh (n=6189). We estimated
CVD risk using the 2019 WHO CVD risk prediction charts
and categorised as very low (<5%), low (5% to <10%),
moderate (10% to <20%), high (20% to <30%) and very
high risk (>30%). We estimated drug therapy costs using
the lowest price of each drug class available (aspirin,
thiazide diuretics, statins and ACE inhibitors). We compared
the total cost of drug therapy using the total CVD risk
versus single risk factor approach.

Primary outcome measures Our primary outcome was
10-year CVD risk categorised as very low (<5%), low (5%
to <10%), moderate (10% to <20%), high (20% to <30%)
and very high risk (>30%).

Results The majority of adults (85.2%, 95% Cl 84.3 to
86.1) have a 10-year CVD risk of less than 10%. The
proportion of adults with a 10-year CVD risk of >20% was
0.51%. Only one adult was categorised with a 10-year
CVD risk of >30%. Among adults with CVD risk groups of
very low, low and moderate, 17.4%, 27.9% and 41.4%
had hypertension (blood pressure (BP) >140/90) and 0.1%,
1.7% and 2.9% had severe hypertension (BP >160/100),
respectively. Using the total CVD risk approach would
reduce drug costs per million populations to US$144 540
(risk of >20%).

Conclusion To reduce healthcare expenditure for the
prevention and treatment of CVD, a total risk approach
using the 2019 WHO CVD risk prediction charts may lead
to cost savings.

Strengths and limitations of this study

» Using the recently updated 2019 WHO cardiovascu-
lar disease (CVD) risk prediction charts, this study
provides evidence for incorporating WHO CVD risk
prediction charts into CVD management and health-
care guidelines, and may lead to potential cost sav-
ings from a societal perspective.

» The 2019 WHO CVD risk prediction charts should be
applied to a population who have not experienced a
CVD event in the past; however, we were unable to
confirm self-reported medical history of participants
using medical charts or health records, leading to
the potential for measurement error due to recall
bias.

» The cost estimates we present are an underestimate
of total costs for CVD-related treatment as the focus
of this study is on the cost of pharmacological in-
tervention only as the largest contributor to overall
direct costs in Bangladesh.

» Although we present the total number of people
estimated to require drug treatment using 2014
population data, we were unable to identify popula-
tion estimates of only those at risk of their first CVD
event due to lack of surveillance data.

» The CVD 10-year risk cut-offs were defined using
risk prediction models derived from 85 cohorts
mostly from high-income countries, as data from
large-scale prospective cohort data from most low-
income and middle-income countries are limited.

BACKGROUND

Globally, cardiovascular disease (CVD) is the
leading cause of death and disproportion-
ately impacts low/middle-income countries
(LMICs), where over 75% of CVD-related
deaths occur.' People living in LMICs are
at high risk of developing CVDs due to the
absence of integrated primary care for early
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detection and prevention of CVD-related risk factors,
such as high cholesterol, high blood pressure (BP) and
smoking. Limited access to primary care and the growing
burden of CVDs are significant causes of poverty in
LMICs and hinder the macroeconomic development
of many countries.” LMICs are estimated to experience
cumulative economic losses exceeding US$7 trillion over
the next 15 years due to morbidity and mortality caused
by non-communicable diseases (NCDs), including CVD.”
As such, the significance of the CVD epidemic has
gained increasing international recognition over the past
decade, leading to the development of several interna-
tional guidelines for CVD control and prevention.*

In 2007, WHO published pocket guidelines, including
CVD risk prediction charts, designed for healthcare
workers in LMICs to guide patient 10-year risk stratifica-
tion for heart attack or stroke.” There are two possible
strategies suitable for a low-resource setting to assess
the risk of a cardiovascular event and identify those at
high risk of a fatal CVD outcome: (1) use a single risk
factor management strategy, which focuses on one condi-
tion at a time, such as hypertension; or, (2) use a more
holistic approach considering several risk factors such as
age, tobacco use, gender, diabetes diagnosis, body mass
index (BMI), BP and blood cholesterol when measured.
Through the total risk approach, pocket guidelines help
to identify high-risk patients that are in imminent danger
of a heart attack or stroke for timely pharmacological
treatment or surgical interventions. Additionally, applying
the total risk approach via WHO prediction charts in a
nationally representative sample provides an opportunity
to estimate and monitor the population-level distribution
of CVD risk to ultimately inform CVD treatment policy
recommendations.®’

Currently, Bangladesh has not incorporated clinical
guidelines for screening or treatment of risk factors based
on absolute CVD risk scores and estimation of the popula-
tion distribution of CVD risk over time. Data are needed
to support the implementation of WHO prediction charts
as clinical guidelines for Bangladesh, a resource-limited
setting, to demonstrate the potential cost savings and
benefit of WHO recommendation on CVD prevention.
Recently in 2019, WHO updated the CVD risk charts
based on newly validated risk prediction models to esti-
mate CVD risk in 21 Global Burden of Disease (GBD)
regions.” The newly developed risk prediction models
have been calibrated using data from the GBD study to
include estimates from LMICs. To our knowledge, here
we present the first analysis to apply the updated CVD risk
charts among a cohort of Bangladeshi adults. Prior studies
conducted in Bangladesh have estimated CVD risk among
adults residing in rural areas only and have notincluded a
nationally representative population.”"" Additionally, no
prior studies have estimated the potential costs of pharma-
cological treatment for CVD in Bangladesh using either
the single risk factor or total CVD risk approach, as done
previously in other settings.” Our objective was to assess
the distribution of absolute CVD risk among a nationally

representative sample of Bangladeshi adults using the
2019 WHO CVD risk prediction charts recommended for
WHO South Asian Region (Bangladesh, Bhutan, India,
Nepal and Pakistan). We also compared the costs of drug
treatments for CVD prevention using the total cardiovas-
cular risk thresholds at >220% and with single risk factor
cut-off levels (BP 2140/90 mm Hg).

METHODS

Study design and setting

Data were analysed from a population-based cross-
sectional study conducted from September to December
2013 to assess the burden of blindness and low vision
among adults in Bangladesh. The target population of
this survey included men and women residing in Bangla-
desh over the age of 40 years. The exclusion criteria
included tourists and the institutionalised, such as resi-
dents of a military base, hospital, prisons, nursing homes
and other such institutions. We provided participants with
detailed information regarding the study objectives and
procedures using a printed handout prepared in Bengali.
Written consent was obtained from participants through
signature or, if not possible through thumbprint.

Sampling frame

We adopted a multistage, geographically clustered,
probability-based sampling approach to obtain a nation-
ally representative sample of Bangladesh, as previously
described and outlined per WHO STEPwise approach
to surveillance (STEPS).'*™15 Population statistics were
obtained using the 2011 national census conducted by
the Bangladesh Bureau of Statistics to create the sample
frame.'® The sampling frame included 64407 primary
sampling units (PSUs) covering all 7 divisions of the
country. We randomly selected 72 PSUs (25 urban and 47
rural) from 7 divisions, with the probability of selection
proportional to the population size of each division. In
each PSU, we selected 100 consecutive households as the
secondary sampling unit.

For each household, a trained field data collector
approached the head of the household or the family
member most knowledgeable of the residents to screen
for eligible participants. The screening respondent was
asked to describe the composition of household residents,
which was defined as those who considered the home to
be their primary place of residence as of the night before.
A list was composed and ordered from the youngest to
the oldest age in years starting from 40 years. Using the
list of eligible residents, we used the Kish table approach
to randomly select one participant from each home. The
selected participant was asked to come to a nearby health
centre the next day to administer the survey by trained
study interviewers and undergo a medical examination by
the study physician. Based on the medical review, partici-
pants were followed up with by the providers at the health
centre for treatment.
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Patient and public involvement

There was no patient or public involvement in the imple-
mentation of this study or interpretation of analytic
results.

Data collection

To ensure effective and uniform data collection, field
interviewers underwent a 7-day training on the interview
methodology by the study ophthalmologists and epide-
miologists. The training included an in-depth review
of the survey content and protocol for completing the
demographic questionnaire (a modified WHO/PBL
Version III). Each member of the data collection team
was provided a detailed survey protocol manual outlining
the survey activities, the questionnaire interview and
information about the duties and responsibilities of all
survey personnel.

Demographic data were collected, including age,
sex, marital status, educational level and occupation,
using a structured questionnaire survey. Data regarding
tobacco use, health history and treatment history were
also collected. Participants were asked if they smoked
(eg, cigarette, hookah, pipe) or if they used smokeless
tobacco (eg, chewing tobacco, jorda) to assess the history
of tobacco use. Each participant provided medical history
for a prior diagnosis of high BP or hypertension, diabetes,
renal disease or any CVDs by a healthcare provider. Medi-
cation history was obtained including medication for high
BP, diabetes, malaria, steroids, tuberculosis and among
women, history of oral contraception. The questionnaire
was translated from English to Bengali, adapted, and vali-
dated before data collection.

Physical measurements, including height, weight and
BP, were collected. Trained field interviewers measured
BP using an appropriately calibrated aneroid sphyg-
momanometer with appropriately sized arm cuffs. BP
measurements were consistently taken on the right arm
at heart level and elbow assisted while the participant
was seated. The initial measurement was performed after
5min of rest. After 2min, the second measurement was
taken. The mean of these two BP readings was used as the
final BP for each participant. To measure blood glucose
levels, we obtained random blood glucose sarnples.]7
Capillary blood samples were consistently taken using
the right arm and index finger with a glucometer (Accu-
chek Advantage, Roche Diagnostics Division, Grenzach-
erstrasse, Switzerland).

Estimation of 10-year CVD risk

We estimated 10-year CVD risk using the 2019 WHO CVD
risk prediction charts.® '"® The prediction charts provide
the 10-year risk of a fatal or non-fatal major cardiovascular
event, such as myocardial infarction or stroke, based on
age, sex, BP, BMI, smoking status, total blood cholesterol
and the presence or absence of diabetes mellitus for 14
WHO epidemiological subregions. For each region, two
sets of charts have been developed based on the avail-
ability of laboratory-based results. As total cholesterol

was not measured in our cohort, we used WHO CVD
risk non-laboratory-based charts developed for South
Asia (including Bangladesh, Bhutan, India, Nepal and
Pakistan). The non-laboratory-based risk charts do not
account for diabetes diagnosis or total cholesterol levels.

The prediction chart grades CVD risk using the
following categories: age (1: 40—-44 years; 2: 45—49 years;
3: 50-54 years; 4: 55-59 years; 5: 60-64 years; 6: 64—-69
years; 7: 70-74 years), sex (men and women), smoking
(smoker or non-smoker), systolic BP (SBP; <120mm Hg,
120-139, 140-159, 160 to <180 and >180), and BMI (<20,
20-24, 25-29, 30-35 and 235). The risk categories for
10-year combined acute myocardial infarction and stroke
(fatal and non-fatal) are as follows:<6%, 5% to <10%,
10% to <20%, 20% to <30% and >30%.

Observations with missing values were dropped from
the analysis. We did not anticipate any bias from the
complete-case analysis approach as the number of missing
observations for key variables was less than 2%: smoking
status, n=18or 0.3% missing values; SBP, n=22or 0.4%
missing values; diastolic BP (DBP), n=25or 0.4% missing
values; and BMI, n=30or 0.5%,

Data analysis

We present sociodemographic variables using mean
(SD) or the median (IQR) for continuous variables and
proportion for categorical variables. We conducted bivar-
iate analyses by sex and age group. We used the ” test to
assess for any significant differences in CVD risk distri-
bution across sex. For estimating the cost of medicines
per million per year (population aged 40 years or older),
we used the lowest price of each drug class available in
the market (generic preparation of aspirin, thiazide
diuretics, statins and ACE inhibitors). Online supplemen-
tary appendix table 1 includes further details regarding
the specific costs of common drugs used to treat CVD in
Bangladesh.

TO calculate costs, we included the following catego-
ries: (1) people with high cardiovascular risk (=20% and
BP 2160/100), who are recommended for pharmacolog-
ical intervention using four different types of drugs for
treatment’ 7; and (2) people with BP =2140/90, who are
recommended antihypertensive treatment. To calculate
the estimated annual total cost of CVD medication treat-
ment per million populations (aged 40 years or older),
we multiplied the percentage of the population at risk
and the price of medicine in Bangladesh. We included
an estimate of the total number of people estimated to
require drug treatment as follows: we multiplied the prev-
alence of the population requiring medication based on
each approach by the number of people in the general
population in 2018 stratified by gender and age group.

RESULTS

Demographic characteristics

The mean age of included participants was 52.9 years
(men: 53.5 years, women: 52.5 years; table 1). The
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Total (n=6189)
Mean (SD) n (%)

Men (n=2824)
Mean (SD) n (%)

Women (n=3365)
Mean (SD) n (%)

Characteristics

Education (years) 3.1(4.2) 4.3 (4.8) 2.1(3.3)

Urban 1873 (30.2) 808 (28.6) 1065 (31.6)

Occupation

Industrial worker/day labourer 1600 (25.9) 1440 (51.2) 160 (4.8)

Unemployed/retired 735 (11.9) 386 (13.7) 349 (10.4)

Smoking tobacco uset

Ever user 2261 (36.5) 2150 (76.1) 111 (3.3)

Current user 3078 (49.7) 1208 (42.8) 1870 (55.6)

Alcohol use in the last 30 days

Body mass index 21.9 (4.1) 21.4 (3.7) 22.3 (4.4)

Blood pressure

Diastolic blood pressure® (mm Hg) 80.3 (9.5) 80.2 (9.4) 80.3 (9.7)

*Professional occupation includes: government employee, private company employee, businessman.
TOther occupation includes: shopkeeper, weavers, driver, student, beggar, cook, carpenter and tailor.
FExcluding smokeless tobacco|missing values, n=18; men, n=11; women, n=7.

§Smokeless tobacco use includes jorda, white leaf (shaada pata), gul and so on.

{IBody mass index calculated by weight in kilogram divided by height in metre squared

**Missing values, n = 58; Male, n = 25; Female, n = 33

1 Missing values, n = 22; Male, n = 13; Female, n =9

F1Missing values, n = 25; Male, n = 15; Female, n = 10

§§Missing values, n = 84; Male, n = 36; Female, n = 48

CM, Centimeters; mmHg, Millimeter of mercury; SD, Standard Deviation.

average level of educational attainment was 3.1 years of
education; women were generally less educated than
men (2.1 years vs 4.3 years, respectively). The majority
(80%) of women were housewives, and among men, the
most common occupation was an industrial worker or

day labourer (51.2%). Overall, over one-third of partici-
pants ever used smoking tobacco, and over half ever used
smokeless tobacco. Few participants drank alcohol in the
past 30 days (1.2%). The mean BMI was 21.9kg/m”, and
the mean waist circumference was 82.4cm.
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overweight and obesity among Bangladeshi adults aged 40
years and above by area of residence and age group. (A)
Urban populations. (B) Rural populations. BMI, body mass
index.

Overall, the prevalence of hypertension (defined as BP
>140/90) increased with age among men and women.
Additionally, women had a higher prevalence of hyper-
tension among nearly all age groups in both urban and
rural areas. The prevalence of hyperglycaemic (glucose
>11.1mmol/L) was higher among urban adults compared
with rural across all age groups. The highest prevalence
of hyperglycaemic was observed among urban men aged
60—69 years at 18.2%. Finally, the prevalence of over-
weight and obesity was higher among urban residents
than rural residents. The largest prevalence of overweight
and obesity was observed among urban women, with prev-
alence as high as 51.4% among women aged 40-49 years
(figure 1).

Distribution of cardiovascular risk

We summarised the distribution of CVD risk in the popu-
lation overall and stratified by sex in table 2. Eighty-five
per cent of participants had a low (<10%) 10-year CVD
risk, and this proportion was significantly different across
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sex (p<0.001). Over half (63.7%) of women had a very
low (<6%) cardiovascular risk. Almost all (99.5%) of the
study population were categorised as having cardiovas-
cular risk <20%. A higher proportion of men (1.0%) were
categorised as high risk than women (0.1%; p =<0.001).
Overall, only one male participant was categorised as very
high risk or with a CVD risk of 230%.

We summarised the prevalence of adults with hyper-
tension by CVD risk group (figure 2). Among those with
10% to <20% CVD risk, we observed a high proportion
of hypertension (41.4%). In the high-risk group (220%),

Table 2 Ten-year risk of combined myocardial infarction and stroke (fatal and non-fatal) by gender, using the 2019 WHO
cardiovascular disease risk non-laboratory-based charts for South Asia (n=5977)

P

Total (n=5977) Men (n=2708) Women (n=3269) value*

n % Cl n % Cl n % Cl

Very low risk (<5%) 3115 52,1 50.8t053.4 1034 38.2 36.6t040.0 2081 63.7 62.0t065.3 <0.001
Low risk (5%-10%) 1972 33.0 31.8t034.2 1047 38.7 36.8t040.5 925 28.3 26.81t030.0 <0.001
Moderate risk (10% to <20%) 860 14.4 13.5t015.3 600 22.2 20.6t023.8 260 7.8 7.0t0 89 <0.001
High risk (20% to <30%) 29 05 03toc0.7 26 10 06to14 3 0.1 0.0t0o 0.2  <0.001
Very high risk (=30%) 1 0.0 0.0t00.01 1 00 0.0to0.1 O 0.0 0.0t0 0.0 0.272

*P value based on % test.

Islam JY, et al. BMJ Open 2020;10:2035842. doi:10.1136/bmjopen-2019-035842



Open access

3

Table 3 Estimation of percentage of population requiring drug treatment based on total risk approach in comparison to single

risk factor approaches (n=5977)

Cardiovascular (CV) risk >20%

Single risk factor approach

CV risk >220% +

CV risk >20% alone, % BP >160/100 BP >140/90 (SBP >140 + isolated raised DBP), %
Men 1.0 2.1 221
Women 0.1 1.6 26.7
Total 0.5 1.8 24.6
BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
100% had hypertension. Additionally, among those with ~ DISCUSSION

>20% CVD risk, we observed that 35% had severe hyper-
tension (BP >160/100).

Cost of drug treatment

We were unable to compare the costs of drug treatment
at two cardiovascular risk thresholds (30%-20%) due
to only one male adult with a CVD risk at >230%. We
observed a low proportion of adults with CVD risk >20%
at 0.5%. When we included BP>160/100 measurements,
the number of people requiring treatment more than
tripled from 0.5% to 1.8% (table 3). Conversely, if a single
risk factor approach was applied, and all those with hyper-
tension (a persistent SBP 2140 and/or DBP=90) were
treated, 24.6% of the sample would require drug treat-
ment, specifically antihypertensive; more than 20 times
the proportion identified when using the total cardiovas-
cular risk approach alone.

Comparison of cost by approach

Next, we compared the estimated annual cost of medi-
cines per million populations for implementing the total
risk approach versus the single risk factor approach.
Table 4 shows the estimated number of people aged
40 years or older requiring drug treatment stratified by
age group and gender. The estimates showed that if the
single risk factor approach is applied in Bangladesh with
its percentage of the population at risk and the lowest
price of medicine in the country, the cost per million
populations (aged 40 years or older) of treating those
with BP >140/90 would be US$7111 368; if the absolute
risk approach were applied, the cost of treating those
with a 10-year risk of CVD 220% per million populations
(aged 40 years or older) would be US$144 540, almost
50 times less (figure 3). The cost estimation was based
on the percentage of the population at different levels of
risk and the differences in the price of generic medicines.
For this analysis, we focused on the cost of pharmacolog-
ical treatment as it is the most critical contributor to the
overall direct costs of CVD treatment in Bangladesh. We
assumed that other costs of CVD treatment and preven-
tion service delivery, such as health facilities and wages of
health workers, are similar for both approaches of service
delivery.”

Using this nationally representative survey of Bangladeshi
adults aged 40 years and above, we found that the majority
of adults (97%) were at a very low, low or moderate
10-year risk of myocardial infarction and stroke. The
proportion of adults requiring drug treatment rose from
1.0% to 2.1% when the threshold for pharmacological
intervention was changed from >20% alone to >20% plus
BP of 160,/100, respectively, which was lower the propor-
tion than the single risk factor approach (24.6%). Our
data demonstrate that using a single risk factor approach
to manage individual cardiovascular risk factors is cost-
lier (US$7111368 per million population) than using
the total risk approach (CVD risk 220, US$144540 per
million population), as a more substantial proportion
of adults will need drug treatment. Findings from this
analysis support the implementation of clinical guide-
lines using CVD risk scores calculated using WHO CVD
risk prediction charts to appropriately identify patients
at the highest risk of CVD development over 10 years in
Bangladesh.

In our study using nationally representative data,
we found that the 10-year risk of CVD was low (<10%)
among the vast majority of adults (85.1%). Addition-
ally, only 0.5% of adults were at high risk (=20%) of a
CVD event within the next 10 years. In this analysis, we
applied the 2019 CVD risk charts for South Asia, which
are newly developed and now incorporate BMI as part of
the prediction chart algorithm. Our results are compa-
rable to regional data presented in the 2019 Lancet publi-
cation by WHO CVD Risk Chart Working Group, which
showed that 0% of women from Bhutan, Sri Lanka and
Nepal had a CVD risk level above 20%. Similarly, 0% of
men from Bhutan, and only <2% of men from both Sri
Lanka and Nepal were categorised with a risk level above
20%.° These data demonstrate a lower prevalence of CVD
risk >220% than prior reports from South Asia, which used
the original risk prediction charts published in 2007.
For example, prior data from Nepal20 and Sri Lanka®
showed that 4.3% and 8.2% of adults, respectively, were
categorised with a high (220%) 10-year risk of a CVD
event. Further, analyses from a rural area of South India
revealed that 17% of participants had moderate-to-high
risk (10%->20%) of cardiovascular events per the 2007
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Figure 3 Annual costs of pharmacological treatment for
cardiovascular disease (CVD) by sex and risk stratification
approach.

WHO prediction charts.? Finally, data collected in 2010
from Pakistan showed that 10% of adults were categorised
with >20% CVD risk, with 2.9% as high as >40%.” When
using the 2019 WHO prediction charts on the population
level to measure and monitor trends in total CVD risk in
recent years, policy-makers in LMICs should interpret the
trends with caution, and assess changes in trends of CVD
risk over time using both the 2007 and 2019 WHO risk
prediction charts for comparison.

WHO CVD risk charts were developed for use in LMICs
and are now more suitable for use in these settings due
to the inclusion of data from low-resource regions in the
risk prediction model development. While we present the
first country-specific analysis using the 2019 risk charts,
several prior studies in LMICs have been conducted using
the 2007 risk charts. In other countries in Asia, we observe
the prevalence of ‘high CVD risk’ (=20%) of 6.0%,
2.3% and 1.3% in Mongolia, Malaysia and Cambodia,
respectively.” Mendis et al reported the 10-year CVD
risk of seven countries and the majority of these coun-
tries reported low CVD risk among its adult populations
(China (96.1%) and Sri Lanka (94.9%), (Iran (93.9%),
Cuba (89.7%), Nigeria (86.0%), Georgia (83.1%) and
Pakistan (79.2%)).” Studies conducted in urban areas
of LMICs show varying prevalence of high CVD risk
(220%): for example, one study from Malaysia shows
20.5% of adults were high risk of CVD,** whereas studies
from urban Kenya® and Sri Lanka®' report less than 10%
of their population had high CVD risk. Specifically in
Bangladesh, using the 2007 prediction charts, three prior
studies have reported absolute CVD risk among the adult
population.'” ** ¥’ Fatema et al found that 10% of rural
Bangladeshi adults were at high risk (=20%) of a CVD
event within the next 10 years, and half of these adults fell
in the very high-risk category (230%). In another rural

Bangladeshi population, the proportion of participants at
a high risk (>20%) of a CVD event was 2.1%.%® Finally, in
an urban Bangladeshi population of 150 adults, 3.4% had
high CVD risk (=20%), which is lower than expected as
the population was urban.?” No other studies in Bangla-
desh have been conducted to assess the 10-year risk of
CVD using WHO CVD risk prediction charts. We present
novel data using the 2019 charts and a nationally repre-
sentative sample, which may be generalisable to the popu-
lation of Bangladesh. Data we present may be used to
inform policy-makers decisions on clinical guidelines and
resource allocation for treatment of CVDs in Bangladesh.

Similar to prior analyses conducted using data from
eight LMICs,” our results demonstrate that in the Bangla-
deshi context using a single risk factor approach to eval-
uate the risk of CVD-related mortality would cost more
than implementing the total risk approach due to higher
drug costs. In Bangladesh, about 60% of out-of-pocket
costs patients face go towards drugs directly bought
from pharmacies, diagnostics and informal providers.*®
Currently, Bangladesh does not offer universal health
coverage or affordable health insurance plans. The cost of
treatment for CVD frequently leads to catastrophic health
expenditure and impoverishment; the proportion of cata-
strophic spending for treatment is highest among those
from the lowest quintiles of wealth (14%) compared with
those with high wealth and high socioeconomic status
(6.6%).* As such, implementing WHO CVD risk predic-
tion charts may be beneficial to patients in Bangladesh
as only those at the highest risk of future CVD would be
recommended for treatment.

In addition to benefits to the patient, the total CVD risk
approach would also be beneficial to Bangladesh’s health-
care system by improving NCD preventive service delivery
and the use of guidelines for adequate care. Currently,
Bangladesh is categorised by the World Bank as a lower
middle-income country with emerging health challenges
as the burden of NCDs continues to grow. In 2015, an esti-
mated 67% of all deaths in Bangladesh were due to NCDs
and the risk of premature death from chronic disease
among adults aged 30-70 years was 22%.” Indeed, CVDs
and circulatory diseases are the leading causes of mortality
and morbidity in Bangladesh. Despite this substantial
burden, preventive services for CVDs in Bangladesh are
limited. In 2014, an estimated 16% of healthcare facilities
across the country (ie, hospitals, community clinics) had
the resources to diagnose, prescribe treatment for and
manage patients with CVDs.”' District hospitals (95%),
Upazila health complexes (81%) and private hospitals
(77%) were more likely to provide services for CVDs
than other facilities. Only 10% of community clinics and
maternal and child welfare centres, and 17% of union
level facilities, which are the most accessible providers in
rural areas, provided any cardiovascular services, and the
services at these facilities were limited to the measurement
of BP or referrals.”’ Among facilities with the capacity
to offer services for CVD management, about only 20%
used established guidelines for hypertension treatment
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and less than one-third had essential CVD medicines
readily available onsite for patients.”’ By integrating
WHO risk prediction charts into the national guidelines
for management of hypertension and CVD prevention in
Bangladesh, the proportion of facilities using established
guidelines may increase as the charts are easy to imple-
ment, interpret and access. Additionally, since only one-
third of facilities have essential CVD medicines readily
available, distributing pharmacological treatment to
those at highest risk of premature mortality due to CVD
will be crucial.

Although the implementation of a total risk approach
may lead to cost savings, there are limitations to imple-
menting the 2019 CVD risk prediction charts. When
compared with the single risk factor approach, WHO
charts categorise fewer individuals as high risk and may
delay the receipt of necessary life-saving treatment. For
example, the prediction charts may underestimate CVD
risk in certain categories of people such as those with
persistent raised BP 2160/100mm Hg, blood cholesterol
=8mmol/L, or those suffering from diabetes with renal
disease.” Patients who may fall in these categories should
be recommended for intensive lifestyle interventions and
appropriate drug therapy; however, the CVD prediction
charts will erroneously deny treatment to these poten-
tially high-risk adults. In fact, the risk models used to
develop the 2019 CVD risk charts may have underes-
timated CVD risk due to limitations in the population
data used to estimate incidences: Data used to develop
the predictions models likely included people already on
CVD prevention therapies, such as statins, which have led
to an underestimate in CVD risk.® In our study, we under-
score the potential for underestimation of CVD risk by
comparing the proportion of adults categorised as high
risk (220% CVD risk) to those who would be diagnosed
with hypertension (BP =140/60) and severe hyperten-
sion (BP =2160/100). Additionally, we provided a graph-
ical summary of common risk factors of CVD, including
hypertension, hyperglycaemia, and overweight and
obesity. Despite our very low proportion of adults who
would be recommended for treatment based on the risk
prediction charts, we observed a high prevalence of these
risk factors particularly in urban populations.

Limitations of this analytical approach should be
considered when interpreting our results. The CVD
10-year risk cut-offs were defined using risk prediction
models derived from 85 cohorts mostly from high-income
countries, as data from large-scale prospective cohort
data from most LMICs are unavailable. Data were used
from the GBD project to recalibrate the models to be
representative of LMICs; however, the GBD data do not
have country-specific disease risk estimates. As such, the
estimation used from each region’s chart will most likely
apply to the largest country within each region, or from
the country where most of the data originated. The risk
prediction charts provide approximate estimates of CVD
risk in people who do not have established coronary heart
disease, stroke or other atherosclerotic diseases. Although

we included simvastatin in our pharmacological cost
analysis, we were unable to measure total cholesterol or
confirm the medical history of participants using medical
charts and relied on self-report, leading to the potential
for measurement error and recall bias. Additionally, we
were unable to categorise participants as diabetic as we
did not obtain fasting blood glucose and were only able
to categorise adults as hyperglycaemic in our descriptive
analysis as we measured random blood glucose. Further,
our data were collected in 2013 and may be outdated as
population growth in older age groups has been observed
in recent years. Our analyses should be replicated using
more recent data and future research studies should
include the measurement of total cholesterol. Finally, our
cost estimates were based on the prevalence of each risk
approach in our study sample. Although we present the
total number of people estimated to require drug treat-
ment using 2013 population data, estimates of only those
at risk of their first CVD event were unavailable due to
lack of surveillance data. Nevertheless, our data are valu-
able as the first analysis to apply the 2019 WHO CVD risk
prediction charts to a cohort of adults in Bangladesh.
Additionally, we provide data on the comparative cost
difference of each approach to underscore the potential
cost savings in implementing the total risk approach in
Bangladesh. Cost data presented in this analysis may be
used in future cost-effectiveness analyses to compare the
total risk and single risk factor approach when consid-
ering all costs from a societal perspective to inform health
policy in Bangladesh.

WHO has outlined global targets in the Global Moni-
toring Framework for the control of NCDs in LMICs,
which prioritises an 80% of availability of affordable
basic technologies and essential medicines necessary
to treat significant NCDs, including CVDs in both rural
and urban areas of the country. Limited CVD treatment
access and weak healthcare infrastructure in Bangla-
desh are a significant public health concern. As public
financing for healthcare is limited in Bangladesh (~1% of
gross domestic product), public health policies on CVD
drug treatment guidelines based on cost estimates, such
as out-of-pocket costs, are necessary for effective CVD
control. Effective policies should address the potential
for overtreatment, which comes at a high cost to both the
healthcare system and the patient. The high percentage
of the Bangladeshi adult population at low 10-year CVD
risk (<10%) highlights the potential for reduction of
CVD risk through population-wide public health policy
and availability of accessible preventive services. However,
caution should be taken to ensure that risk stratification
approaches are not used in inappropriate clinical circum-
stances, such as adults with highly uncontrolled hyperten-
sion with BP measurements at 160/100 mm Hg.

CONCLUSION
Our data show that the implementation of a total risk
approach compared with a single risk factor approach
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will reduce the healthcare expenditure by lowering drug
costs, which accounts for 60% of out-of-pocket spending
in Bangladesh. This approach would be particularly bene-
ficial in Bangladesh, a low-resource country that should
prioritise the development of health policy for effective
resource allocation in the public health sector. Using the
total risk approach would increase service coverage and
allow for the distribution of resources to target those at
highest risk of experiencing a heart attack or stroke. As
the majority of the Bangladeshi adult population aged
240 years have a low 10-year risk of CVD, strategies that
target those at highest risk of CVD coupled with public
health policies to reduce the population-level risk of CVD
may be effective.
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