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Articles

Worldwide trends in hypertension prevalence and progress
in treatment and control from 1990 to 2019: a pooled
analysis of 1201 population-representative studies with
104 million participants

NCD Risk Factor Collaboration (NCD-RisC)*

Summary

Background Hypertension can be detected at the primary health-care level and low-cost treatments can effectively
control hypertension. We aimed to measure the prevalence of hypertension and progress in its detection, treatment,
and control from 1990 to 2019 for 200 countries and territories.

Methods We used data from 1990 to 2019 on people aged 30-79 years from population-representative studies with
measurement of blood pressure and data on blood pressure treatment. We defined hypertension as having systolic
blood pressure 140 mm Hg or greater, diastolic blood pressure 90 mm Hg or greater, or taking medication for
hypertension. We applied a Bayesian hierarchical model to estimate the prevalence of hypertension and the
proportion of people with hypertension who had a previous diagnosis (detection), who were taking medication for
hypertension (treatment), and whose hypertension was controlled to below 140/90 mm Hg (control). The model
allowed for trends over time to be non-linear and to vary by age.

Findings The number of people aged 30-79 years with hypertension doubled from 1990 to 2019, from 331 (95% credible
interval 306-359) million women and 317 (292-344) million men in 1990 to 626 (584—668) million women and 652 (604—698)
million men in 2019, despite stable global age-standardised prevalence. In 2019, age-standardised hypertension prevalence
was lowest in Canada and Peru for both men and women; in Taiwan, South Korea, Japan, and some countries
in western Europe including Switzerland, Spain, and the UK for women; and in several low-income and middle-income
countries such as Eritrea, Bangladesh, Ethiopia, and Solomon Islands for men. Hypertension prevalence surpassed 50% for
women in two countries and men in nine countries, in central and eastern Europe, central Asia, Oceania, and
Latin America. Globally, 59% (55-62) of women and 49% (46-52) of men with hypertension reported a previous diagnosis
of hypertension in 2019, and 47% (43-51) of women and 38% (35-41) of men were treated. Control rates among people
with hypertension in 2019 were 23% (20-27) for women and 18% (16-21) for men. In 2019, treatment and control rates
were highest in South Korea, Canada, and Iceland (treatment >70%; control >50%), followed by the USA, Costa Rica,
Germany, Portugal, and Taiwan. Treatment rates were less than 25% for women and less than 20% for men in Nepal,
Indonesia, and some countries in sub-Saharan Africa and Oceania. Control rates were below 10% for women and men in
these countries and for men in some countries in north Africa, central and south Asia, and eastern Europe. Treatment and
control rates have improved in most countries since 1990, but we found little change in most countries in sub-Saharan Africa
and Oceania. Improvements were largest in high-income countries, central Europe, and some upper-middle-income and
recently high-income countries including Costa Rica, Taiwan, Kazakhstan, South Africa, Brazil, Chile, Turkey, and Iran.

Interpretation Improvements in the detection, treatment, and control of hypertension have varied substantially
across countries, with some middle-income countries now outperforming most high-income nations. The
dual approach of reducing hypertension prevalence through primary prevention and enhancing its treatment and
control is achievable not only in high-income countries but also in low-income and middle-income settings.
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Introduction 8.5 million deaths from stroke, ischaemic heart

Hypertension, along with pre-hypertension and other disease, other vascular diseases, and renal disease
hazardously high blood pressure, is responsible for worldwide."* Hypertension can be detected in the
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Research in context

Evidence before this study

We searched MEDLINE (via PubMed) for articles published

from inception to Jan 15, 2021, using the search terms
((hypertension[Title] AND (((medication OR treatment) AND
control) OR aware*) AND “blood pressure”) OR
(cardiovascular|Title] AND risk factor*[ Title] AND “blood
pressure” AND (((medication OR treatment) AND control) OR
aware*))) AND (trend* OR global OR worldwide) NOT
patient*[Title]. No language restrictions were applied. We found
a few multi-country studies that reported hypertension
prevalence, treatment, and control. These studies used up to

135 data sources that had sampled from national or sub-national
populations or data from small communities. Few multi-country
studies reported trends over time. The largest of these analyses
covered snapshots in 2000 and 2010 and grouped countries into
high income versus low income and middle income. We also
found several studies that analysed trends in individual countries.
To our knowledge, there is no study on long-term trends in,

nor the contemporary levels of, hypertension prevalence,
detection, treatment, and control that covers the entire world.

Added value of this study
To our knowledge, this study is the first comprehensive global
analysis of trends in hypertension prevalence, detection,

treatment, and control that covers all countries worldwide.
The data used in the study were from 184 countries, together
covering 99% of the global population, and were subject to
rigorous inclusion and exclusion criteria. Data were analysed
using a standardised protocol and were pooled using a
statistical model designed to incorporate how hypertension
and its care and control vary in relation to age, geography,
and time.

Implications of all the available evidence

Hypertension care—including detection, treatment, and
control—varies substantially worldwide and even within the
same region of the world. Sub-Saharan Africa, Oceania, and
south Asia have the lowest rates of detection, treatment,

and control and many countries in these regions have seen little
improvement in these outcomes over the past 30 years.

The large improvements observed in some upper-middle-
income and recently high-income countries show that the
expansion of universal health coverage and primary care can be
leveraged to enhance hypertension care and reduce the health
burden of this condition.

Number of
data sources
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Figure 1: Number of data sources by country

community and primary care facilities, and several
effective drugs are available at fairly low cost for treating
patients with hypertension and reducing the risk of
its sequelae.””® Improving the effective coverage of
treatment for patients with hypertension is an objective

of many global, regional, and national initiatives, and
programmes.

Comparable data on hypertension detection, treat-
ment, and control are needed to learn from good
practice to guide health system programmes. No
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comparable global data exist to assess which countries
have high versus low rates of detection, treatment, and
control, and how these measures have changed over
time. We present consistent national, regional, and
global estimates of trends in hypertension prevalence,
detection, treatment and control from 1990 to 2019 for
200 countries and territories (referred to as countries
hereafter).

Methods

Data sources

We used data from 1990 to 2019, collated by the NCD
Risk Factor Collaboration (NCD-RisC), as detailed
previously® and summarised in the appendix (pp 2-3).
The inclusion criteria were that (1) data were collected
using a probabilistic sampling method with a defined
sampling frame; (2) data were from population samples
at the national, sub-national (covering one or more sub-
national regions), or community (one or a small number
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(Figure 2 continues on next page)

of communities) level; (3) systolic blood pressure and
diastolic blood pressure were measured; and (4) data on
hypertension treatment were available.

Studies were excluded if they (1) included or excluded
participants on the basis of health status; (2) were
done only among minority ethnic groups or specific
educational, occupational, or other socioeconomic
groups; (3) recruited participants through health
facilities, except studies whose sampling frame was
health insurance schemes in countries where at least
80% of the population were insured, and studies based
on primary care systems in high-income and central
European countries with universal insurance; or (4) had
not measured blood pressure. A list of data sources and
their characteristicsis provided in the appendix (pp 7-30).

We established whether a participant had been diagnosed
with hypertension using questions worded as variations of
“Have you ever been told by a doctor or other health
professional that you had hypertension, also called high

See Online for appendix

959



Articles

B 2019 (men)

20% 30% 40% 50% 60%

Percentage point
change

15
10

CJAmerican Samoa  CJFiji [IMontenegro ISeychelles
[JBahrain [JFrench Polynesia  CNauru JSolomon Islands
[JIBermuda IKiribati CINive [ITokelau
CIBrunei CIMaldives JPalau [JTonga
[JCape Verde [IMarshallIslands ~ C3Samoa ITuvaly

/| =Comoros CIMauritius [JS&o Tomé and Principe  C1Vanuatu

= [3Cook Islands [IFederated States of Micronesia

Caribbean
B American Samoa  EmIFiji . Montenegro mm Seychelles
B Bahrain B French Polynesia @ Nauru [ Solomon Islands
s B Bermuda B Kiribati i B Tokelau

B Brunei E=Maldives W Tonga
I Cape Verde [Marshall Islands ~ mmmSamoa I Tuvalu

/| E=3Comoros E=Mauritius B Sao Tomé and Principe @88 Vanuatu

£l B Cook Islands [Federated States of Micronesia

Uncertainty (posterior SD) of the estimated change

(percentage points)

60%
50%

N \\\\'_,..\ 40%
O \\\\\\1”30%
AN
W\\&“ M

Central and eastern Europe
Central Asia, Middle East,
and north Africa

East and southeast Asia
High-income Asia-Pacific

. High-income western
Latin America and Caribbean
Oceania

South Asia

Sub-Saharan Africa

P Y ® World

Posterior probability
[1>0-990
3 [1>0-975 to <0-990
[1>0-950 to <0-975
[1>0-750 to <0-950
<0750

10 *e

T T T
-20 -10 [ 10 20

Estimated change in age-standardised prevalence, 1990-2019
(percentage points)

Figure 2: Prevalence of hypertension in 2019 and change from 1990 to 2019 in women and men

Prevalence of hypertension in 2019 and change from 1990 to 2019 in women (A) and men (B). The density plot alongside each map shows the distribution of estimates across countries. The top right
graph in each panel shows results ordered within regions and super-regions with 95% credible intervals. The bottom right graph in each panel shows the change from 1990 to 2019 in hypertension
prevalence in relation to the uncertainty of the change measured by posterior SD. Shaded areas show the posterior probability of an estimated increase or decrease being a true increase or decrease.

Each point shows one country. See the appendix (pp 33-46) for numerical results.
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blood pressure?” We assessed whether a person was taking
medication for hypertension using questions worded as
variations of “Are you currently taking any medicines,
tablets, or pills for high blood pressure?” or “In the past
2 weeks, have you taken any drugs (medication) for raised
blood pressure prescribed by a doctor or other health
worker?” In studies that gathered information on
prescribed medicines, we used survey information to
establish that the purpose of taking a blood pressure-
lowering drug was specifically to treat hypertension.

Outcomes

Our primary outcomes were prevalence of hypertension,
the proportion of people with hypertension who reported a
previous hypertension diagnosis (detection), who were

taking medication for hypertension (treatment), and whose
blood pressure was controlled (control)” Hypertension
was defined as having systolic blood pressure 140 mm Hg
or greater, diastolic blood pressure 90 mm Hg or greater,
or taking medication for hypertension. Control was defined
as taking medication for hypertension and having systolic
blood pressure less than 140 mm Hg and diastolic blood
pressure less than 90 mm Hg. We also report the proportion
of people with hypertension who were undiagnosed or
untreated with systolic blood pressure 160 mm Hg or
greater or diastolic blood pressure 100 mm Hg or greater.
We restricted our analysis to men and women aged
30-79 years because hypertension prevalence is relatively
low before age 30 years and because guidelines differ in
thresholds and treatment targets in older ages.*

www.thelancet.com Vol 398 September 11,2021
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Figure 3: Hypertension treatment cascade in 2019, for women and men globally and by region
Data are estimate (95% credible interval). Each stream shows the loss of people with hypertension throughout the treatment cascade and its associated percentage for women and men.

Statistical analysis

We calculated the prevalence, detection, treatment, and
control of hypertension by sex and age group for each
study. The denominators for detection, treatment, and
control were the number of people with hypertension.

When applicable, we used survey sample weights and

www.thelancet.com Vol 398 September 11, 2021

accounted for complex survey design.

We applied a Bayesian hierarchical model to these
sex-specific and age-specific data to estimate the pri-
mary outcomes by country, year, and age. All analyses

961
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were done separately by sex and for each primary
outcome. The model is described in detail in a statistical
paper’ and related substantive papers®® and sum-
marised in the appendix (pp 4-6). Countries were
grouped into 21 regions, which were further grouped
into nine super-regions (appendix pp 31-32). In the
hierarchical model, estimates for a country-year were
informed by its own data if available, by data from other
years in the same country, and from other countries,
especially those from the same region and super-
region. The extent to which estimates for each country-
year were influenced by data from other years and
countries depended on whether the country had data,
sample size, whether data were national, and the
within-country and within-region variability of the
available data.

The model allowed for non-linear time trends and non-
linear age patterns. For this analysis, we adapted the model

(Figure 4 continues on next page)

to allow time trends to vary by age (appendix pp 4-6)
because how hypertension and its detection, treatment,
and control have changed over time depends on age.""
The model also accounted for the possibility that
hypertension prevalence, detection, treatment, and control
in sub-national and community studies might sys-
tematically differ from those in nationally representative
studies, or might have larger variation than in national
studies, so that national data had a larger influence on the
estimates than sub-national or community data did with
similar sample sizes. Finally, the model accounted and
adjusted for how much studies that were done in only
rural or urban areas differed from national studies.

We fitted the model using the Markov chain Monte Carlo
(MCMC) algorithm implemented in R (version 3.6.0),
and obtained 50000 post-burn-in samples from the
posterior distribution of model parameters. We kept
every 10th sample, and the resultant 5000 samples

www.thelancet.com Vol 398 September 11,2021
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were used to obtain the posterior distributions of the
primary outcomes. The reported 95% credible intervals
(Crls) are the 2-5th to 97-5th percentiles of the posterior
distributions. We calculated age-standardised hyper-
tension prevalence, and the rates of detection, treatment,
and control, by weighting age-specific estimates using
the WHO standard population.” When calculating age-
standardised detection, treatment, and control rates, we
also accounted for the age pattern of hypertension
prevalence, which appears in the denominator, by
using the combination of WHO standard population
weights and age-specific hypertension prevalence in each
country and year to weight age-specific estimates.
Estimates for regions, super-regions, and the world were
calculated by weighting the age-specific and sex-specific
posterior samples for the constituent countries with the
corresponding age-specific and sex-specific national
populations; the population data were from World

www.thelancet.com Vol 398 September 11, 2021

(Figure 4 continues on next page)

Population Prospects (2019 revision).* The estimates in
each country and region and in each year are for the
corresponding national and regional population in that
year. We used consistent analysis and presentation units
over the entire 30-year period. For countries that were
formed during these 30 years (eg, South Sudan and
Montenegro), estimates apply to an equivalent territory
for the years before their formation.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

We used 1201 studies carried out from 1990 to 2019 with
data on 104 million participants aged 30-79 years. Of
these, 986 (82-1%) studies also had information on

963




Articles

C Control rate in 2019 (women)

codernt

20%  40%  60%

Caribbean
= CJAmerican Samoa  CFiji = Montenegro mm Seychelles
a2 @ Bahrain [JFrench Polynesia  CINauru [JSolomon Islands
= Bermuda IKiribati INive [ITokelau
B Brunei IMaldives IPalau [Tonga
[ Cape Verde [IMarshall Islands [JSamoa ITuvalu
C1Comoros B Mauritius [JSao Tomé and Principe  CJVanuatu
2 3 Cook Islands [IFederated States of Micronesia

Change 1990-2019 (women)

Percentage point
change

%
40
30
20

10
0

Uncertainty (posterior SD) of the estimated change
(percentage points)

10 20 30 40 50
Caribbean

[JAmerican Samoa  CJFiji [IMontenegro 3 Seychelles
[IBahrain [IFrench Polynesia  CINauru —3Solomon Islands
° [IBermuda IKiribati INive [ITokelau
3Brunei CIMaldives [Jpalau [JTonga
. [ Cape Verde [IMarshalllslands ~ C3Samoa ITuvalu
i —1Comoros = Mauritius [1Sao Tomé and Principe  CJVanuatu
El [JCook Islands [IFederated States of Micronesia

60%

40%
\
R

il

I

l N

il
,”

|
I

® Central and eastern Europe
@ Central Asia, Middle East,
. ° and north Africa
©® Eastand southeast Asia
44 ® High-income Asia-Pacific
High-income western
® Latin America and Caribbean
® Oceania
South Asia
S Sub-Saharan Africa
® World
Posterior probability
[ >0:990
[ >0-975to <0-990
[J >0-950 to <0-975
[J >0-750 to <0-950
3 [ <0750

124

T T T
-40 -20 0 20 40 60
Estimated change in age-standardised proportion, 1990-2019
(percentage points)

previous diagnosis. 184 countries, covering 99% of the
global population, had at least one data source (figure 1),
and 131 countries, covering 94% of the world’s population,
had two or more data sources. Regionally, data avail-
ability ranged from 2.2 data sources per country in
sub-Saharan Africa to 26-0 data sources per country in
the high-income Asia-Pacific region (figure 1).

In 2019, the global age-standardised prevalence of
hypertension in adults aged 30-79 years was 32%
(95% Crl 30-34) in women and 34% (32-37) in men,
similar to 1990 levels of 32% (30-35) in women and
32% (30-35) in men (figure 2). The stable global
prevalence was a net effect of a decrease in high-
income countries, and for women also in central and
eastern Europe, and an increase in some low-income and
middle-income countries. The decline was greater than
12 percentage points in women in several high-income
countries (posterior probability [PP] of the observed
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(Figure 4 continues on next page)

decline being a true decline >0-98 for all country and sex
combinations; figure 2). By contrast, age-standardised
prevalence increased, or at best remained unchanged,
in most low-income and middle-income countries
(figure 2). The increase was 10-15 percentage points
among men in three countries and among women in
four countries (PP 0-85-0-99).

Nationally, prevalence of hypertension in 2019 was
lowest in Canada and Peru for both men and women; in
Taiwan, South Korea, Japan, and some countries in
western Europe for women; and in some low-income
and middle-income countries for men (figure 2).
Age-standardised prevalence in all of these countries was
less than 24% for women and less than 25% for men
in 2019 (figure 2). Hypertension prevalence was highest
throughout central and eastern Europe, central Asia,
Oceania, southern Africa, and some countries in
Latin America and the Caribbean (figure 2). For women
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Figure 4: Proportion of women and men with hypertension who used treatment and whose blood pressure was controlled in 2019, and change from 1990 to 2019

See the appendix (pp 52-53) for control rates among those on treatment and for a comparison of treatment and control rates (pp 54-55). The density plot alongside each map shows the distribution
of estimates across countries. The top right graph in each panel shows the results ordered within regions and super-regions with their 95% credible intervals. The bottom right graph in each panel
shows the change from 1990 to 2019 in hypertension treatment and control rates in relation to the uncertainty of the change measured by posterior SD. Shaded areas show the posterior probability of
an estimated increase or decrease being a true increase or decrease. Each point shows one country. See the appendix (pp 33-46) for numerical results.

in two countries and men in nine countries, age-
standardised prevalence surpassed 50% (figure 2).
Globally, 41% (95% Crl 38-45) of women and
51% (48-54) of men with hypertension did not report a
previous diagnosis (figure 3). The treatment rate was
47% (43-51) in women and 38% (35-41) in men. Less
than half of those treated had achieved hypertension
control, leading to global control rates of 23% (20-27) for
women and 18% (16-21) for men with hypertension
(figure 3). 27-34% of women and men in the high-
income western and Asia-Pacific regions with hyper-
tension were not aware of their condition, an additional
10-14% were untreated, and 21% did not achieve control
(figure 3). The detection gap, together with sequential
low treatment coverage and effectiveness, led to control
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rates ranging from 31% in men in the high-income
Asia-Pacific to 43% in women in the high-income
western region (figure 3). Control rates were below 13%
in sub-Saharan Africa and Oceania, where 50-60% of
women and nearly 70% of men with hypertension were
not aware of their condition; detection, treatment and
control rates in south Asia were only slightly higher
(figure 3). In all regions the coverage of treatment
increased with age, being highest in those aged 65 years
and older (appendix pp 50-51).

Nationally, hypertension treatment and control were
highest in South Korea, Canada, and Iceland, where more
than 70% of women and men with hypertension were
treated and over half had their hypertension controlled
(figure 4). Treatment and control rates were also high in
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the USA, Costa Rica, Germany, Portugal, and Taiwan. At
the other extreme, treatment rates were less than 25% for
women and less than 20% for men in Nepal, Indonesia,
and several countries in sub-Saharan Africa and Oceania
(figure 4). Control rates were less than 10% for women
and men in these countries and for men in some countries
in the Middle East and north Africa, central and south Asia,
and eastern Europe (figure 4). The proportion of those
treated who achieved control varied by more than four
times across countries (appendix pp 54-55). In particular,
many countries in eastern Europe, central and east Asia,
and the Middle East and north Africa had somewhat
high treatment rates but low control, contrasting with
findings in high-income countries and some countries in
Latin America and the Caribbean, where treatment and
control tracked more closely (appendix pp 54-55).
Hypertension treatment and control improved in most
countries since 1990, but we found little improvement in

(Figure 5 continues on next page)

many countries in sub-Saharan Africa and Oceania
(figure 4). Improvements were largest in high-income
countries and central Europe, with some countries
expanding treatment and control by more than
30 percentage points (figure 4). Some upper-middle-
income countries and recently high-income countries in
other regions (eg, Costa Rica, Taiwan, Kazakhstan, South
Africa, Brazil, Chile, Turkey, and Iran) also substantially
enhanced treatment and control (figure 4). Hypertension
treatment and control rates were lower in men than in
women in most countries (appendix pp 56-57). The male
disadvantage in treatment was smaller in high-income
countries than elsewhere and, in a few countries, we
found the reverse of this pattern (appendix pp 56-57).

In 2019, the proportion of people with systolic blood
pressure 160 mm Hg or greater or diastolic blood pressure
100 mm Hg or greater but were not diagnosed or treated
was below 10% in countries with high treatment coverage,
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Figure 5: Proportion of women and men with hypertension who had systolic blood pressure 160 mm Hg or greater or diastolic blood pressure 100 mm Hg or greater but were not diagnosed
ortreated, in 2019, and change from 1990 to 2019

The density plot alongside each map shows the distribution of estimates across countries. The top right graph in each panel shows the results ordered within regions and super-regions with their
95% credible intervals. The bottom right graph in each panel shows the change from 1990 to 2019 in the proportion of people with hypertension who had systolic blood pressure 160 mm Hg or
greater or diastolic blood pressure 100 mm Hg or greater but were not diagnosed or treated, in relation to the uncertainty of the change measured by posterior SD. Shaded areas show the posterior
probability of an estimated increase or decrease being a true increase or decrease. Each point shows one country.

and as low as 4% among women in South Korea (figure 5).
Between one in four to one in three women and men with
hypertension in many sub-Saharan African and Oceanian
countries and in some countries in central, south, and
southeast Asia had systolic blood pressure 160 mm Hg or
greater or diastolic blood pressure 100 mm Hg or greater
but were not diagnosed or treated (figure 5).

Despite stable global prevalence, the absolute number
of people aged 30-79 years with hypertension doubled
from 331 (95% Crl 306-359) million women and
317 (292-344) million men in 1990 to 626 (584-668) mil-
lion women and 652 (604-698) million men in 2019 due
to population growth and ageing (figure 6). Similarly,
despite improvement in detection, treatment, and control
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rates, more people did not achieve effective control
in 2019 than in 1990 because of the large increase in the
number of people with hypertension (figure 6).

In high-income western and Asia-Pacific regions and
in central and eastern Europe, the opposite effects of
declining prevalence and population growth and ageing
led to a small net increase in the number of people with
hypertension (figure 6). The improvements in treatment
and control from 1990 to 2019 shifted many of those with
hypertension in these regions from being untreated to
being treated and having their hypertension controlled
(figure 6). These improvements lowered the absolute
number of those who were not treated or whose hyper-
tension was not effectively controlled (figure 6).
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Figure 6: Trends in the number of people with hypertension who reported a diagnosis, who used treatment, and whose blood pressure was effectively

controlled, globally and by region, 1990-2019

See the appendix (pp 58-60) for trends in the percentage of people with hypertension who reported a diagnosis, who had treatment, and whose blood pressure was

effectively controlled, globally and by region.

In 2019, over 1 billion people with hypertension
(82% of all people with hypertension in the world) lived
in low-income and middle-income regions (figure 6).
This number was much larger than the number in 1990
because prevalence remained unchanged or increased
and the population grew and became older. In
sub-Saharan Africa, Oceania, and south Asia, most of
the increase was in those without a previous diagnosis,
whereas in east and southeast Asia and Latin America
and the Caribbean the number of people in this category
increased slightly until the mid-2000s before flattening.
Since then, many more of those with hypertension have
been detected, treated, and controlled (figure 6).

Discussion

Our novel comprehensive analysis of hypertension
prevalence and care has shown that since 1990 the
number of people with hypertension worldwide has
doubled, with most of the increase occurring in low-
income and middle-income regions. In high-income
countries, prevalence has declined while health systems
have achieved treatment rates of up to 80% and control
rates of up to 60%. Middle-income countries in Latin
America; east and southeast Asia; and central Asia, the
Middle East, and north Africa have also enhanced the
detection and treatment of hypertension. Some of these
countries, such as Costa Rica, now outperform most
high-income nations in hypertension treatment and
control. Low detection and treatment rates persist in the

world’s poorest nations, especially in sub-Saharan Africa,
Oceania, and south Asia. Together with the increasing
number of people who have hypertension, these low
detection and treatment rates will shift an increasing
share of the burden of vascular and renal conditions to
these regions.

To our knowledge, no previous study of trends in
hypertension prevalence, detection, treatment, and
control covers all countries in the world. Our results are
consistent with a multi-country study that reported for
2000 and 2010,” in terms of higher treatment and
control in high-income countries than in low-income
and middle-income countries, but our national results
show that substantial variability exists at any level
of economic development, with some upper-middle-
income countries having treatment and control rates as
good as, or better than, those in some high-income
countries. The findings of a study" on 44 low-income
and middle-income countries were consistent with ours
in terms of hypertension treatment rates being highest
in Latin America and lowest in sub-Saharan Africa;
although, this study did not have data on trends or
from high-income countries. Our finding on variable
improvement in rates of hypertension treatment in
high-income countries is consistent with a previous
multi-country study.”

The strengths of our study include its scope of
presenting consistent and comparable global estimates
of hypertension prevalence, treatment, and control; the
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scale and quality of data that were harmonised in
a rigorous process; and the statistical methods that
were designed for analysing trends in the hypertension
treatment cascade. We used data from more than
1200 studies in 184 countries, covering 99% of the
world’s population, which is eight times as many studies
as were in the previous largest analysis.” We used only
data from studies that had measured blood pressure to
avoid bias in self-reported data. We re-analysed data
according to a standardised protocol and the char-
acteristics and quality of data were rigorously verified
through repeated checks by NCD-RisC members. We
used a statistical model thataccounted for heterogeneous
trends by age in hypertension prevalence, detection,
treatment, and control, and we used all available data,
while giving more weight to national data than to
non-national sources.

Similar to all global analyses, our study has some
limitations. Despite our extensive efforts to identify and
access data, some countries, especially those in Oceania
and sub-Saharan Africa, had less data than in other
regions. Most health surveys collect data on previous
diagnosis and treatment of hypertension using a
questionnaire, which may lead to measurement error.
Validation studies show that recall of hypertension
diagnosis and medication has good agreement with
actual medical history (eg, with Cohen’s k ranging
between 0-55 and 0-91)."* Mercury sphygmomano-
meters were more common in earlier studies, whereas
studies done after 2000 often used digital oscillometric
devices. Similarly, studies differed on whether they used
multiple cuft sizes or one cuff size or whether they
measured blood pressure more than once. The effect
of measurement device and protocol on population
prevalence depends on the circumstances of each study.
For example, an automated digital device with a standard
cuff, although not the traditional gold standard in a
clinical setting, avoids observer bias and increases
compliance and possibly even response rate, compared
with a mercury sphygmomanometer with multiple
cuffs.” Nonetheless, measurements from different
devices are not fully comparable. Most health surveys are
based on one visit to each participant, during which
blood pressure is measured multiple times, usually after
a resting period when interviews are done. Hypertension
prevalence based on data collected in multiple visits
might be lower than that based on one visit.? We had
insufficient comparable data on treatment details such as
the type of drugs because these data are not consistently
collected in population-representative surveys. Com-
plementing survey data with data from health facilities
or prescriptions could provide such clinically relevant
details.

Our country results show that preventing hypertension
and enhancing its detection, treatment, and control is
feasible not only in high-income countries, but also in
low-income and middle-income nations. Although the
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nutritional, behavioural, and environmental causes of
increased blood pressure are well established, little is
known on which actions and interventions that can be
widely replicated are responsible for the observed
reductions in hypertension prevalence.”? Similarly,
although randomised trials have shown the efficacy of
hypertension treatment and studies in some countries
or communities have shown that strategies such as
simple evidence-based guidelines, the use of non-
physician health workers, and patient follow-ups using
text messages can improve hypertension care,"*™ little
transferable guidance exists on how to achieve high
rates of detection, treatment, and control for entire
populations. Implementation research on the role of risk
factors and health system determinants of hypertension
care and management requires detailed country-level
data. Information for seven countries with high rates of
treatment is summarised in the appendix (pp 47—-49).
Over the period of our analysis, hypertension
prevalence decreased while obesity, which is a risk factor
for hypertension, increased,® which implies that hyper-
tension’s dietary and environmental determinants
must have improved. Reducing salt intake to prevent
hypertension might be possible through a combination
of fiscal, regulatory, and possibly behavioural inter-
ventions,”* although few examples exist of successful
national programmes so far. Increased availability and
consumption of fruits and vegetables®® might partly
account for the observed declines in hypertension,
which indicates that making these foods affordable
(eg, through targeted subsidies for poorer families) and
accessible (eg, through more efficient supply and storage)
might be effective for hypertension prevention.
Expanding hypertension detection has been helped by
both more widespread and regular contact with health
services and more frequent measurement of blood
pressure.** Increased health-care use requires universal
health insurance and expansion of primary care. In
some countries, training non-physician health workers in
the management of non-communicable diseases (NCDs)
might be needed.*” Guidelines, availability of blood
pressure monitors, and regular health checks and
screening programmes®* facilitate more frequent
measurement. The expansion of wuniversal health
coverage and primary care in places with low rates of
diagnosis, especially sub-Saharan Africa and south Asia,
provides an opportunity for improving hypertension
care,”* but needs to be accompanied with guidelines,”
training, and blood pressure monitors in health facilities.
Improvements in treatment have been helped by some
of the same factors as those for diagnosis, as well
as guidelines that recommend progressively lower
thresholds to initiate treatment and wider availability and
lower cost of antihypertensive medicines, many of which
are no longer under a patent.® Despite this improvement,
insufficient access to medicines contributes to the low
treatment rates in some low-income countries.**-!
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We also found large variation in hypertension control
among those who were treated. Understanding the
reasons for the large variation in real-world effectiveness
of treatment needs data on both the health-system
features that enable high-quality care and the type of
pharmacological approach used—eg, renin-angiotensin-
system inhibitors, calcium-channel blockers, or
diuretics;” whether single-pill combination therapy is
used;” how much the prescribing physician titrates or
intensifies treatment when needed; and patient adherence
to treatment. New technologies such as telemonitoring,
home blood pressure monitoring, and text message
reminders might improve adherence,”*** but these mea-
sures can be effective only if patients have uninterrupted
access to effective medicines.

Hypertension prevention and control can make a
substantial contribution to achieving the Sustainable
Development Goals target 3.4 on NCDs.”® Some
countries, such as Canada, Costa Rica, South Korea, and
Taiwan, have achieved low hypertension prevalence or
high control through both improved prevention and
improving every stage of the treatment cascade.”
Universal health insurance has been instrumental in
achieving high effective coverage but should be com-
plemented with primary care strengthening, evidence-
based hypertension guidelines that are up to date and are
adapted to the country contexts*” health workforce
training, and a robust system of drug procurement and
distribution.”® Programmes should also be regularly
assessed, both at the population level, as our work has
done, and in health facilities to ensure accountability and
stimulate improvement.®
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