1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Circulation. Author manuscript; available in PMC 2021 May 06.

-, HHS Public Access
«

Published in final edited form as:
Circulation. 2021 March 09; 143(10): 991-1001. doi:10.1161/CIRCULATIONAHA.120.051620.

Variation in the proportion of adults in need of BP-lowering
medications by hypertension care guideline in low- and middle-
income countries: a cross-sectional study of 1,037,215
individuals from 50 nationally representative surveys

Nikkil Sudharsanan, PhD1, Michaela Theilmann, MAl, Tabea K. Kirschbaum?, Jennifer
Manne-Goehler, MD?, Sina Azadnajafabad, MD3, Pascal Bovet, MD#, Simiao Chen, ScD?,
Albertino Damasceno, PhD®, Jan-Walter De Neve, ScD?, Maria Dorobantu, FESCS, Cara
Ebert, PhD?, Farshad Farzadfar, MD3, Gladwell Gathecha, MSc8, Mongal Singh Gurung,
PhD?, Kosar Jamshidi, PharmD3, Jutta M.A. Jgrgensen, MD10, Demetre Labadarios, PhD11,
Julia Lemp, MScl, Nuno Lunet, PhD12, Joseph K. Mwangi, MD3, Sahar Saeedi
Moghaddam, MSc3, Silver K. Bahendeka, PhD14, Zhaxybay Zhumadilov, PhD3, Till
Barnighausen, MD1, Sebastian Vollmer, PhD6, Rifat Atun, FRCP7, Justine I. Davies, MD18,
Pascal Geldsetzer, ScD19

IHeidelberg Institute of Global Health, Heidelberg University, Heidelberg, Germany 2Division of
Infectious Diseases, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA
STehran University of Medical Sciences, Tehran, Iran 4Institute of Social and Preventive Medicine,
Bern, Switzerland ®Faculty of Medicine, Eduardo Mondlane University, Maputo, Mozambique
6Cardiology Department, Emergency Hospital of Bucharest, Bucharest, Romania "RWI - Leibniz
Institute for Economic Research, Essen, Germany 8Division of Non-Communicable Diseases,
Ministry of Health, Nairobi, Kenya °Health Research and Epidemiology Unit, Ministry of Health,
Thimphu, Bhutan 1°D-Tree International, Norwell, MA, USA *!Faculty of Medicine and Health
Sciences, Stellenbosch University, Stellenbosch, South Africa 12Department of Public and
Forensic Health Sciences and Medical Education, Faculty of Medicine, University of Porto, Porto,
Portugal ¥ Department of Strategic National Public Health Programs, Ministry of Health, Nairobi,
Kenya 1“Saint Francis Hospital, Kampala, Uganda 1°National Laboratory Astana, University
Medical Centre, Nazarbayev University, Astana, Kazakhstan %Department of Economics and
Centre for Modern Indian Studies, University of Gottingen, Gottingen, Germany 1’Department of
Global Health and Population, Harvard T.H. Chan School of Public Health, Harvard University,
Boston, MA, USA 8nstitute of Applied Health Research, University of Birmingham, Birmingham,
UK °Division of Primary Care and Population Health, Department of Medicine, Stanford
University, Stanford, CA, USA

Abstract

Corresponding author: Nikkil Sudharsanan, PhD, Heidelberg Institute of Global Health, Heidelberg University, Im Neuenheimer
Feld 130.3, 6th Floor, 69120 Heidelberg, Germany, nikkil.sudharsanan@uni-heidelberg.de, Phone: +49 (0) 6221 56-8035.
Conflict of Interest Disclosures

None.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sudharsanan et al. Page 2

Background—Current hypertension guidelines vary substantially in their definition of who
should be offered blood-pressure-lowering medications. Understanding the impact of guideline
choice on the proportion of adults who require treatment will be crucial for planning and scaling
up hypertension care in low- and middle-income countries (LMICs).

Methods—We extracted cross-sectional data on age, sex, blood pressure, hypertension treatment
and diagnosis status, smoking, and body mass index for adults ages 30-70 from nationally
representative surveys in 50 LMICs (N = 1,037,215). Our main objective was to determine the
impact of hypertension guideline choice on the proportion of adults in need of blood-pressure-
lowering medications. We considered four hypertension guidelines: the 2017 American College of
Cardiology/American Heart Association (ACC/AHA) guideline, the commonly used 140/90
mmHg threshold, the 2016 World Health Organization HEARTS guideline (WHO), and the 2019
United Kingdom National Institute for Health and Care Excellence (NICE) guideline.

Results—The proportion of adults in need of blood-pressure-lowering medications was highest
under the ACC/AHA followed by the 140/90, NICE, and WHO guidelines (ACC/AHA: women,
27.7% [95% CI: 27.2%, 28.2%], men, 35.0% [34.4%, 35.7%]; 140/90: women: 26.1% [25.5%,
26.6%], men, 31.2% [30.6%, 31.9%]; NICE: women, 11.8% [11.4%, 12.1%]; men, 15.7% [15.3%,
16.2%]; WHO: women, 9.2% [8.9%, 9.5%], men, 11.0% [10.6%,11.4%]). Individuals who were
unaware that they have hypertension were the primary contributor to differences in the proportion
needing treatment under different guideline criteria. Differences in the proportion needing blood-
pressure-lowering medications were largest in the oldest, 65-69, age group (ACC/AHA: women,
60.2% [58.8%, 61.6%], men, 70.1% [68.8%, 71.3%]; WHO: women, 20.1% [18.8%, 21.3%], men,
24.1.0% [22.3%, 25.9%]). For both women and men and across all guidelines, countries in the
European and Eastern Mediterranean regions had the highest proportion of adults in need of
blood-pressure-lowering medicines while the South and Central Americas had the lowest.

Conclusions—There was substantial variation in the proportion of adults in need of blood-

pressure-lowering medications depending on which hypertension guideline was used. Given the
great implications of this choice for health system capacity, policymakers will need to carefully
consider which guideline they should adopt when scaling up hypertension care in their country.
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Introduction

Preventing and controlling hypertension is a major global public health strategy for reducing
premature mortality from cardiovascular and cerebrovascular diseases (CVD).11
Hypertension control is especially important in low- and middle-income countries (LMICs)
where CVD has already become the leading cause of both mortality and disability-adjusted
life years lost,23 the prevalence of hypertension is high,% and both the mortality burden from
CVD and hypertension prevalence are expected to increase dramatically over the coming
decades due to population aging.>:6 However, despite its importance, rates of hypertension
control in LMICs are generally low: in a recent study,* on average, only 10% of individuals
with hypertension across 44 LMICs had controlled blood pressure. Improving blood
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pressure (BP) control in LMICs, thus, has tremendous potential to improve population health
outcomes. Importantly, it is feasible to realize this potential as measuring BP does not
require extensive training or costly equipment, and BP-lowering medications are both highly
effective and low-cost.” 8

LMICs have adopted ambitious goals to scale up hypertension care.910 A necessary step for
scaling up BP-lowering medications in LMICs is to clearly define which individuals are in
need of treatment. Available and widely used hypertension treatment guidelines differ
considerably in how they define the population who would benefit and should be initiated on
treatment.111-13 Deciding who should receive BP-lowering medications is important for
balancing the benefits of treatment with potential side effects and, due to the differences in
the proportion of the population who would need treatment across guidelines, for helping
policy makers in LMICs decide which guidelines can be realistically operationalized.

In this study, we estimate how the proportion of adults aged 30-70 years in need of BP-
lowering medications varies across four major hypertension guidelines in 50 LMICs that
collectively account for 55% of the global population and 66% of the global LMIC
population. To inform the targeting of scale-up efforts for hypertension care, we categorize
the proportion of individuals who are in need of BP-lowering medicines into three groups
based on the hypertension care cascade stage: (i) the proportion who is unaware that they
have hypertension; (ii) the proportion who is diagnosed but not initiated on treatment; and
(iii) the proportion who is diagnosed and receives BP-lowering medications but still has
uncontrolled BP.

The data, analytic methods, and study materials will be made available in the Harvard
Dataverse.

Data sources

We conducted a systematic search to identify household survey datasets with the following
characteristics: (i) conducted in a country that was an LMIC at the time of data collection
(according to the World Bank income classification!?), (ii) carried out during or after 2005,
(iii) conducted in at least two ten-year age groups above the age of 15 years, (iv) nationally
representative, (v) response rate =50%, and (vi) took at least two BP measurements during
the survey interview. We judged a survey to be nationally representative if the official survey
documentation explicitly stated that the survey was nationally representative and was based
on a probability sample designed to produce national-level estimates. Based on these
criteria, we identified and included 50 datasets. The only two exceptions we included were
the Indonesian Family Life Survey, which is representative of 83% of the Indonesian
population (more remote islands and areas under conflict at the time of the baseline survey
were excluded from the sampling frame),1° and the China Health and Nutrition Survey,
which has broad coverage from several geographic regions in China but is not explicitly
nationally representative.16 We provide an overview of each of the datasets in Table 1; more
detailed information on the data identification process has been published previously.*
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We also extracted data on population counts for each country by sex and five-year age group
between 30 and 70 years from the 2019 United Nations World Population Prospects (UN
WPP).17 For each country, we chose the UN WPP year that was closest to the country
survey year.

Inclusion criteria

Our population of interest is adults aged 30 to 70 years. We use 30 years as our lower age
threshold since hypertension guidelines generally recommend screening from around this
age onward.11 We restrict our upper threshold to 70 years since that is the maximum age for
which we have measurements of BP for the majority of countries in our data. This was a
complete case analysis. We excluded individuals who were missing any information on age,
sex, systolic blood pressure, diastolic blood pressure, hypertension diagnosis and treatment
information, body mass index, and current smoking status.

Hypertension treatment guidelines

We consider four separate hypertension guidelines to determine which individuals are in
need of BP-lowering medications: the commonly used “140/90” threshold,1318-21 the 2016
World Health Organization HEARTS / Package of Essential Noncommunicable disease
interventions (WHO HEARTS) guidelines,! the 2017 American College of Cardiology/
American Heart Association (ACC/AHA) guideline,12 and the United Kingdom’s National
Institute for Health and Care Excellence (NICE) 2019 guideline.}! We included the 140/90
threshold because it is widely used across LMICs, including in major countries such as
China, India, Brazil, and South Africa,18-22 across Europe for individuals below age 80 in
the form of the 2018 European Society of Cardiology/European Society of Hypertension
guidelines,13 and recently as the 2020 International Society of Hypertension guidelines (for
patients deemed low risk of a cardiovascular disease endpoint in settings with limited
availability of medicines, the threshold to determine treatment is moved to 160/100);23 the
WHO HEARTS guideline as it is officially recommended by the WHO for all LMICs; and
the ACC/AHA and NICE guidelines because they are the two other main guidelines
currently used in high-income countries. Importantly, while the ACC/AHA guideline was
developed for the United States, several prominent papers have raised the question of
whether it should also be used in LMICs;24-28 we thus included this guideline to provide
further evidence to inform this decision across LMICs. We show the thresholds for each
guideline in Table I in the Supplement.

Cardiovascular disease risk

Three of the guidelines (ACC/AHA, NICE, and WHO HEARTS) base their guidance on
both BP and predicted 10-year risk of a CVD event (from here forward, “CVD risk™).
Importantly, each guideline recommends using a distinct CVD risk calculator; however,
while there are many CVD risk scores,2%-33 most have not been calibrated for LMIC
populations. For this reason, we use the WHO and International Society of Hypertension
(WHO/ISH) risk score for all three guidelines since it is widely used across LMICs and is
calibrated for different world regions.32 Using a common CVD risk calculator also allowed
us to assess the influence of different thresholds and guidelines net of the influence of
differences in CVD risk prediction. Specifically, we use the “non-laboratory” score that uses
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information on body mass index (BMI) in place of total cholesterol and diabetes status since
blood glucose and cholesterol measurements were not collected for the majority of our
surveys. As a sensitivity analysis, we present the main results using the Globorisk CVD
scores instead of the WHO/ISH score because Globorisk is the only other score, to our
knowledge, that has been calibrated for all LMICs (Figures I-I11 in the Supplement).2°

Measurement of blood pressure

The surveys in 40 countries measured BP using a digital upper arm meter, 1 using a digital
wrist meter, and 2 using a manual mercury sphygmomanometer (Table Il in the
Supplement). We were unable to find documentation on the BP measurement device that
was used in seven surveys (Algeria, Azerbaijan, Botswana, Kyrgyzstan, Sri Lanka, Sudan,
and Tajikistan). Forty-three countries measured BP at least three times, three two times with
a third measurement if the first two differed by a pre-defined margin, and four two times.
For participants with three or more BP measurements, we used the mean of the last two
measurements; for participants with only two BP measurements, we averaged both available
measurements. In case the second or third BP measurement was missed in a participant, we
used the single measurement provided.

Statistical analyses

Our analysis had four main steps. First, we determined which individuals in the data are in
need of BP-lowering medications under each of the four guidelines based on their measured
systolic and diastolic blood pressure, CVD risk, and the thresholds specified in Table I in the
Supplement. Among those individuals, we further classified them into three mutually
exclusive categories (separately for each guideline): those who are unaware that they have
hypertension, those who have been diagnosed but are not currently on treatment, and those
who have been diagnosed and are on treatment but are in need of further care (i.e. to
improve adherence) or treatment (i.e. additional or a higher dose of medicines) to achieve
BP control.

Second, we used a multinomial logistic regression model to estimate the proportion of
individuals in each of these three treatment categories for each five-year age group between
30 and 70 (separately for each guideline and by sex and country). We used a regression
model to smoothly estimate these proportions rather than estimate them directly to reduce
sampling error. Importantly, 14 of the 50 countries did not contain information on
individuals between ages 65 and 69, and 2 (Ecuador and Namibia) additionally did not
contain information for ages 60-64. For these countries, we used the estimated regression
models to extrapolate the age-pattern of treatment needs into the missing age groups. These
models were weighted by the survey-specific sample weights. We present the fit of the
models for each country in as Figures I\VV-LI1I1 in the Supplement.

Third, to determine the number of individuals in need of BP-lowering medications by levels
of the treatment cascade within each age group, we multiplied the estimated age-specific
proportions of individuals in each treatment category by the age-specific population counts
for each country.
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Fourth, we estimated the overall proportion of adults between the ages of 30 and 70 in need
of BP-lowering medications by simply dividing the total number of individuals in each
treatment category across ages by the total population between ages 30 and 70. We present
our results across LMICs globally and separately by country, age, and sex, and WHO World
Regions. Using the UN WPP data ensured that aggregated estimates (across ages, countries,
and regions) were weighted proportionately to each contributing country’s population size.

Institutional Review Board (IRB) Approval

Our study was exempt from IRB review since it uses publicly available and de-identified
secondary data.

Results

Descriptive characteristics of the sample

Our analytical sample consisted of 1,037,215 individuals with an across-survey median
response rate of 90%. Among the 50 countries included in our data, 11 were classified as
low-income, 18 as lower-middle-income, and 21 as upper-middle-income countries (Table
1). The countries represented population sizes ranging from 44,000 in Grenada to
757,572,000 in China with an across-country median 30-70 population of 4.5 million
individuals. The proportion of individuals excluded due to missingness varied from 28% in
India to less than 1% in Belarus, with an across-country median of 5.5%.

Proportion of individuals in need of BP-lowering medications by guideline

There was substantial variation in the proportion of adults in need of BP-lowering
medications across the four guidelines (Figure 1, 95% Cls are shown in Table Il in the
Supplement). The ACC/AHA guideline placed the greatest proportion of adults in need of
BP-lowering medications (women: 27.7% [95% CI: 27.2%, 28.2%]; men: 35.0% [34.4%,
35.7%]) followed by the 140/90 threshold (women: 26.1% [25.5%, 26.6%]; men: 31.2%
[30.6%, 31.9%]), the NICE guideline (women: 11.8% [11.4%, 12.1%]; men: 15.7% [15.3%,
16.2%]), and lastly the WHO HEARTS guideline (women: 9.2% [8.9%, 9.5%]; men: 11.0%
[10.6%,11.4%]).

Individuals who were unaware that they have hypertension were the primary contributor to
differences in the total proportion in need of BP-lowering medications across guidelines. For
example, this proportion was 20.1% (95% CI: 19.7%, 20.6%) for women and 28.4% (95%
Cl: 27.7%, 29.1%) under the ACC/AHA guideline compared to just 5.6% (95% CI: 5.4%,
5.9%) and 8.0% (95% ClI: 7.6%, 8.3%) under the WHO HEARTS guideline for women and
men, respectively. In contrast, there were only small differences in the proportion of
individuals who were diagnosed and in need of BP-lowering medications across guidelines.

Differences in the proportion of individuals in need of BP-lowering medications by age

The proportion of individuals in need of BP-lowering medications increased substantially
with age across all four guidelines (Figure 2). Beyond this overall age trend, there were three
distinct points of divergence and convergence. Between ages 30 and 50 for women and 30
and 45 for men, the primary differences were between the ACA/AHA and 140/90 guidelines
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on the one hand and the NICE and WHO HEARTS guidelines on the other hand. After ages
45-50, the four guidelines diverged, with the ACC/AHA having the highest proportions,
followed by the 140/90, NICE, and WHO HEARTS. By age 70, the ACC/AHA guideline
had much higher proportions while differences between the 140/90 threshold and NICE
guidelines nearly disappeared, and the WHO guideline continued to have the lowest
proportions.

Differences in the proportion of individuals in need of BP-lowering medications by country

Across all four guidelines, Belarus, Moldova, Kyrgyzstan, and Tajikistan had the highest
proportions in need of BP-lowering medications while Belize, Costa Rica, and Cambodia
had the lowest (Figure 3, 95% Cls are shown in Table 1V in the Supplement). For example,
under the ACC/AHA guidelines the proportion in need of treatment in Belarus was 57.9%
(95% ClI: 56.4%, 59.3%) and 14.4% (13.2%, 15.6%) in Cambodia. These differences,
however, became smaller under the more conservative guidelines: under the WHO HEARTS
guideline, the proportion in need of treatment became 25.6% (24.2%, 26.9%) and 3.9%
(3.1%, 3.8%) in Belarus and Cambodia respectively.

Similar to the overall results, the largest contributor to the variance in treatment needs across
countries and guidelines were country differences in the proportion of individuals unaware
that they have hypertension. However, the proportion of individuals who were diagnosed but
not taking treatment and who were diagnosed and taking treatment but still had uncontrolled
BP were increasingly important among countries with larger overall treatment gaps.

Regional results

In Table V and Figures LIV and LV in the Supplement, we present differences in the
proportion of individuals in need of BP-lowering medications across guidelines by WHO
regions and decompose the difference across regions. Broadly, the European region had the
highest proportion of adults in need of BP-lowering medicines with the lowest proportion in
the South and Central Americas. The ordering of needs across guidelines was identical for
all regions and followed the pattern seen for the overall results. Higher age-specific CVD
risks in Europe explained nearly all the difference in treatment needs compared to the South
and Central Americas, Asia, and the Western Pacific, while the older age-distribution of
Europe was more important for differences compared to Africa and the Eastern
Mediterranean regions.

Discussion

We found that across 50 LMICs, there were strikingly large differences in the proportion of
adults in need of BP-lowering medicines depending on which of the major hypertension
treatment guidelines was used to identify individuals for treatment. Within every country, for
both sexes, and across ages, the 2017 ACC/AHA guideline placed the largest proportion of
adults in need of BP-lowering medicines followed closely by the widely used “140/90”
threshold.18-21 In contrast, the NICE and WHO HEARTS guidelines classified less than half
as many adults as being in need of BP-lowering medicines. Importantly, these differences
were most pronounced among older individuals and primarily driven by differences across
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guidelines in the proportion of individuals in need of BP-lowering medicines who were not
diagnosed as having hypertension. This suggests that the choice of guideline to scale up BP-
medicine coverage will primarily affect how many new, and likely older, individuals will
need to be brought into the care continuum and consequently the health system capacity that
is needed to provide care to these new hypertension patients.

In addition to the health system care burden, policymakers will need to weigh the expected
health benefits and long-term cost savings (e.g., from reducing the incidence of CVD events)
from placing a larger proportion of the population onto BP-lowering medicines against the
potential side effects of providing treatment to larger shares of the population.
Unfortunately, despite a large body of evidence on the effects of hypertension treatment,34
there is no conclusive evidence on which risk groups (in terms of BP levels, CVD risk, and
age) benefit the most from BP treatment.13 This uncertainty is heightened for LMIC
populations where there have been few longitudinal studies to ascertain individuals’ long-
term benefits from BP treatment. Therefore, an important open question is how guidelines
based on high-income country clinical-trial populations should be translated to LMIC
populations who may benefit differently from BP-lowering medicines and have different
CVD risks. Randomized controlled clinical trials or cohort studies of BP treatment in LMIC
settings will be essential for resolving these debates.

The local health economic context is an important, but often overlooked, component of the
content of hypertension care guidelines. To our knowledge, only the recent ISH 2020
guideline explicitly accounts for these factors in the guideline recommendations, making
distinctions, for example, between BP treatment thresholds when medicines are and are not
easily available.23 More broadly, other guidelines need to be aware of the availability and
costs of anti-hypertensive medicines. In contexts with a limited availability of anti-
hypertensive medications, guidelines that place a larger share of the population on treatment
may be unfeasible to realize and may even prevent individuals at higher BPs -- for whom BP
reductions are more pressing -- from having sufficient medication supply to adequately
control their BP. Such guidelines would also place a greater financial burden on populations,
as not only more individuals would require medicines but also because individuals on
treatment may require more medications to achieve control. This is especially important in
poorer communities where aggressive hypertension guidelines may result in a high financial
burden for families with individuals in need of treatment.

Closing the large treatment gaps across countries requires focusing resources at the largest
bottlenecks in the hypertension care continuum. This is especially important in the Eastern
European and Central Asian countries, where treatment gaps are much larger than in the
other countries we considered. Our results reveal that the largest share of those in need of
treatment are individuals who are unaware that they have hypertension. A major barrier to
improving awareness and consequently diagnosis is that individuals in LMICs do not
commonly seek preventive care, such as for hypertension screening.3> Therefore, closing
this gap will require either significantly expanding opportunistic screening of individuals at
health facilities or home- and community-based hypertension screening and diagnosis
campaigns.36:37 The effectiveness of community-based and opportunistic screening,
however, will depend on communities’ access to health facilities -- in countries and regions
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with a limited supply of high-quality health facilities, closing hypertension gaps will first
require addressing these health-systems shortages.

The next largest gap following awareness is treatment among diagnosed individuals.
Although reasons for this gap are less explored in LMICs, emerging evidence suggests that
beliefs that individuals have towards treatment may be a significant barrier to long-term
treatment adherence. For example, studies of hypertension and of other conditions requiring
repeat treatment find that individuals often do not understand that they have to continuously
take medicines even after they feel better,38 or in the case of hypertension, after their BP
reduces to a controlled level.3° Improving knowledge on how to correctly use BP
medications will be essential for closing this second gap.

There are several limitations that are important to the interpretation of our results. First, in
most clinical care settings, BP medicines are given based on the average of BP
measurements taken on at least two consecutive occasions rather than based on
measurements taken in one sitting such as we used here. Several studies have found that
rates of hypertension are exaggerated when estimated based on measurements from one
point in time. This is an important limitation and implies that our approach likely
overestimates the number of individuals with persistently raised BP. Our estimates of the
proportion in need of BP-lowering medication may be additionally overstated for Comoros,
India, Mexico, and South Africa since they are based on only 2 BP measurements rather
than the average of the last 2 of 3 readings as was the case for the other 46 countries. We are
unfortunately unaware of any nationally representative data sources from LMICs that collect
BP in a manner similar to clinical care; collecting such data or examining differences across
guidelines in clinical data sources with BP measured on multiple occasions will be essential
for future work in this area. Second, an across-survey median of 5.5% of age-eligible
individuals were missing data and thus dropped from the sample. Our results may
incorrectly represent the proportion of individuals in need of BP-lowering medicines if those
who were missing data were more likely to require treatment. Third, the procedure used to
measure BP and the questions used to ascertain CVD risk factors varied somewhat between
certain countries. Therefore, differences in our study between countries may be partially
driven by these measurement differences. However, this limitation does not affect our
analysis of differences between guidelines within countries, which was the main objective of
our study. Fourth, the surveys used in this study were collected in different years. Therefore,
our findings should be interpreted as relating to each country-year pair rather than providing
estimates for a common year across countries. Fifth, we had to extrapolate the proportion of
individuals in need of BP-lowering medicines for one age group (65-69) for 14 countries
and two age groups (60-64 and 65-69) for two countries based on the relationship between
age and BP treatment needs in the ages with data. Given the regularity of the age-BP
treatment needs relationship in ages with data for countries that have data all the way to age
70 (Figures IV-LIII in the Supplement), we believe any bias from the extrapolation is
unlikely to change our main conclusions. A similar limitation is that we used the non-
laboratory CVD risk equations rather than the equations based on measured lipids and
glucose. However, given the high cost of these laboratory measurements, the non-laboratory
scores are more likely to be used for efforts to scale up BP treatment in LMICs. Lastly, we
did not distinguish between “natural” BP and the BP of individuals on medication; however,
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the guidelines considered here do not call for differential treatment for those who are already
on medicines but rather are based on measured levels of BP and CVD risk. However, our
results are likely conservative because they miss the small proportion of individuals in these
countries who are on BP medicines but have their BP under control and thus do not get
identified as in need of BP-lowering medicines under the guidelines.

This study of nationally representative data for a set of countries that collectively represent
two-thirds of the global LMIC population highlights that the decision of which hypertension
guideline is adopted has immense implications for the proportion of the adult population
who are in need of BP-lowering medicines. Ultimately, the results of this study call attention
to an important unresolved discussion on which individuals should actually receive BP
treatment in LMICs. Developing guidelines that acknowledge and are built for the unique
conditions in each country will be critical for health service planning as LMICs prepare to
scale up hypertension care over the coming years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
What is new?

. The choice of a hypertension treatment guideline has a substantial influence
on the number of adults who require blood pressure lowing medications
across low- and middle-income countries.

. The primary contributors to differences in treatment needs across guidelines
are the number of older individuals and individuals who are unaware that they
have hypertension and are in need of treatment.

What are the clinical implications?

. As the clinical care burden of hypertension is strongly influenced by which
guideline is used, countries need to carefully decide which treatment
guidelines can be realistically scaled up without overburdening clinical care
or creating shortages in the supply of blood pressure lowering medications.

. In addition to clinical care burdens, physicians and health policy experts will
need to decide whether guidelines that place substantial numbers of older
individuals on treatment can be justified in terms of their expected benefits
relative to side effects within their specific country contexts.
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Figure 1.
BP treatment needs by guidelines across 50 LMICs. Proportion (%) of adults ages 30-70

from 50 low- and middle-income countries in need of BP-lowering medicines by
hypertension treatment guidelines, stages of hypertension care, and sex. Countries are
weighted by proportionate size of their 30-70 population. We show the 95% Cls for each
estimate in Supplemental Table 3.
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Figure 2.

BP treatment needs by guidelines and age. Proportion of the population in need of BP-
lowering medicines by guideline across age groups and sex. Shaded areas are 95%

confidence intervals.
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Figure 3.
BP treatment needs by guidelines and country. Proportion of adults ages 30-70 from 50 low-

and middle-income countries in need of BP-lowering medicines by hypertension treatment
guideline and stages of the hypertension care. We show the numerical estimates with 95%
Cls in Supplemental Table 5.
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