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Abstract The aim of this paper was to critically evaluate
recent publications on hypertension treatment and control in
regions by income. Prevalence of hypertension is increasing
worldwide, most prominently in low-income countries.
Awareness, treatment, and control are most successful in
North America while remaining a challenge in middle- and
low-income countries. Easy access to medical care and ag-
gressive use of pharmacotherapy are the key strategies which
have proved to be successful in reducing the burden of hyper-
tension on the population level.
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Introduction

An estimated 17.5 million people died from cardiovascular
disease (CVD) in 2012, representing 31 % of all global deaths.
Of'these deaths, an estimated 7.4 million were due to coronary
heart disease and 6.7 million were due to stroke [1].

For CVD, hypertension is the most important risk factor
[2]. The magnitude of the hypertension problem globally was
highlighted by a study of Patricia Kearney et al. [3].

In the year 2000, the overall worldwide prevalence of hy-
pertension was estimated at 26.4 % of the adult population.
While the prevalence of hypertension was lower in developing
countries because of their larger populations, the estimated
total number of adults with hypertension was 333 million in
economically developed countries, and 639 million in eco-
nomically developing countries. It was estimated that the
number of persons with hypertension will increase from 972
million to 1.56 billion in 2025.

In 2010, hypertension was the leading risk factor for death
from CVD, chronic kidney disease, and diabetes in every re-
gion causing over 40 % of worldwide deaths from these dis-
eases [4e°].

Until the 1950s, there was no effective treatment of hyper-
tension available; the dizzying progress of pharmacotherapy
after the 1950s has made it possible to successfully treat al-
most all types and stages of hypertension.

Despite this progress, until the early years of the 21st cen-
tury, in the developed, high-income countries, epidemiology
of hypertension still followed the “rule of halves” defined in
1972 [5], whereby half of the hypertensive individuals were
not aware of their condition, only half of those who are aware
were treated, and only half of those treated actually had their
blood pressure (BP) under control, representing 12.5 % of all
hypertensives. A publication by Wolf-Maier comparing the
prevalence, awareness, treatment, and control of hypertension
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in five European countries, Canada, and the USA found a
substantially lower prevalence of hypertension in the USA
(28 %) and Canada (27 %) compared with the European coun-
tries (Sweden, 38 %; Italy, 38 %; England, 42 %; Spain, 47 %;
and Germany, 55 %; age-adjusted data for the 35-64-year
olds) [6]. Similar differences between North America and
Europe were found for awareness, treatment, and control of
hypertension; 28.6 % of the population had hypertension con-
trolled in the USA compared with only 5-10 % in the
European countries, with Canada being somewhere in be-
tween (17.2 %). It is important to underline that the population
surveys used for the analysis dated back to the late 1980s
(USA 1978-1994; Canada 1986-1992) and the 1990s
(Europe 1990-1999).

The aim of this paper was to critically evaluate the literature
on hypertension treatment and control rates in different coun-
tries over the past 3 years. We decided to review the topic by
regions defined by income (high-, middle-, and low-income
countries).

Epidemiology of Hypertension in High-Income Countries

In the 2011-2014 period, the prevalence of hypertension
among US adults was 29.0 %, and increased with age, being
7.3 % among those aged 18-39 years, 32.2 % in the 4059 age
group, and 64.9 % among those aged 60 and over. The prev-
alence of hypertension remained unchanged between 1999
and 2014.

The prevalence of controlled hypertension among known
and treated hypertensives was 53.0 %; extrapolated to the
totality of the hypertension population, it would represent
about 12.5 %.

Adults aged 18-39 were less likely to have their hyperten-
sion controlled than those aged 60 and over [7].

In another high-income industrialized country, Canada, the
population prevalence of hypertension was stable at 19.7—
21.6 % between 1992 and 2009. The hypertension control
levels related to all hypertension subjects resembled those in
the USA and hovered between 13 and 15 % in the 1990s.

It was a survey of a random sample of the Ontario popula-
tion (the largest province in Canada) conducted in the years
20062007 which ascertained, for the first time, a significant
improvement of hypertension awareness (86.3 %), treatment
(80.5 %), and control (65.9 %) [8].

Another Canadian population survey confirmed to the full
extent the results of the Ontario study [9] and compared the
changes of key indicators of hypertension status in 1992 with
those in 2009. In those two decades, the hypertension control
improved from 13.2 to 64.6 % (2009). The proportion of
treated hypertensives increased in 20 years of follow-up from
34.6 to 79.0 % in 2009. The population mean systolic BP
decreased significantly.
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In the second Canadian survey in 2009, there was a
change in the method of BP measurement. The conven-
tional mercury sphygmomanometer was used in the first
survey, while an automated electronic oscillometric device
(BpTRU Medical Devices Ltd, Coquitlam, British
Columbia, Canada) in the second one. The BpTRU mon-
itor gives lower values than the standard mercury sphyg-
momanometer [10]. Therefore, the values for BP as mea-
sured by the BpTRU device were adjusted using a linear
regression equation [8] so they could be compared with
readings taken by sphygmomanometer.

In Europe, hypertension control is less impressive. In
Sweden, the MONICA surveys conducted between 1986
and 2009 showed a gradual improvement of hypertension
control reaching 63.9 % in individuals with a BMI
<25kg/m?, but only 48.8 % in those with a BMI >25kg/m?
[11]. Tt is important to remember that these figures relate to
previously known hypertensive individuals. If projected to the
large number of those unaware of their hypertension, the un-
satisfactory control of elevated BP on the population level
becomes obvious.

In Germany, a study by Riickert et al. [12] found that hy-
pertension awareness and control considerably improved in
the entire German population; it nevertheless remained insuf-
ficient; hypertension control was achieved in about 50 % of
patients with Type-2 diabetes and in about 60 % of individuals
without Type-2 diabetes.

Most recently, Neuhauser et al. [13] reported on BP distri-
bution and hypertension management in 7108 adult partici-
pants of the German National Health Interview and
Examination Survey 1998, and in 7095 individuals examined
within the German Health Interview and Examination Survey
for Adults conducted between 2008 and 2011. The latter study
involved 3795 persons participating already in the first survey
(response rate, 64 %) and 4193 adults newly recruited (re-
sponse rate, 42 %). During this observation period, awareness
of hypertension increased from 69 to 82 %, treatment in-
creased from 55 to 72 %, and control increased from 23 to
51 %.

However, men aged 18-29 years had an opposite trend
with a 1.5 mmHg higher systolic BP and an increased preva-
lence of hypertension, which was mostly uncontrolled.

Although the German figures show a profile similar to
reports from the USA and Canada, they may be overestimated
as a substantial proportion of the examined individuals (3795,
i.e., 53.5 %) might have been affected by the cohort effect.

A population study from Portugal [14] known as a West
European country with high stroke mortality and poor control
of hypertension reported an improvement in the awareness
(from 45.7 to 76.6 %), treatment (from 38.9 to 74.9 %), and
control (from 11.2 to 42.5 %) of hypertension over a decade
(2003 vs. 2011-2012), whereas the overall prevalence of hy-
pertension remained stable (42 %).
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Reliable data from Eastern Europe on the epidemiology
of hypertension are still scarce. A paper by Reklaitiene
reporting on the population (aged 45-64 years) of
Kaunas, capital of Lithuania, shows no significant change
in the prevalence of hypertension in males (from 1983 to
2002), whereas there was a significant decrease in the
prevalence of hypertension in women (from 61 to 51 %)
[15]. Awareness of hypertension increased in both gen-
ders, but there was a significant increase in the proportion
of treated individuals only in males. Control of hyperten-
sion during the baseline evaluation from 1983 to 1984
was extremely low (3.6 % in males, 3.5 % in females)
and did not improve significantly (2001-2002: males
12.6 %; females 16.6 %).

Epidemiology of Hypertension in Middle-Income
Countries

There are also data on the epidemiology of HNT from
Romania and Serbia, two European countries still classified
by the World Bank in 2014 as upper-middle-income countries.

Data from Romania collected 7 years apart (2005 to 2011—
2012) from a representative population sample aged 18—
80 years showed a decrease in the prevalence of hypertension
(from 44.9 to 40.4 %), and an increase in the awareness (from
44.2 10 69.6 %), treatment (from 38.9 to 59.2 %), and control
of hypertension (from 19.9 to 25.0 %) [16].

A similar prevalence of hypertension (42.7 %) was found
in Serbia in a population aged over 18 years in 2012.
Awareness of hypertension in the first cross-sectional study
ever conducted in Serbia was only 43 %. Control of hyperten-
sion is reported only in treated individuals being 27.7 % [17].

Recent Chinese data indicate that the prevalence of
hypertension increased from 23.8 % in 1991 to 31.5 %
in 2009. The proportion of those aware of their condition
is now 51.1 %; the proportion of those treated is high
(89.7 %), but only 32.1 % is controlled, representing only
19 % of all hypertensives [18]. Health insurance increased
the probability of receiving treatment in diagnosed hyper-
tensives by 28.7 % (95 % CI 10.6-46.7 %).

Poor control of hypertension is reported from Turkey [19]
and India [20°] where a tenth of the rural and a fifth of urban
populations have their BP under control.

Generally, hypertension is less common in Asian coun-
tries (despite their heterogeneity) than in some Western
countries, but the much larger Asian population results
in a considerably larger absolute number of individuals
affected. Therefore, the burden of hypertension in Asia
is higher than that in Western countries [21].
Populations living in rural areas have the prevalence of
hypertension 2-3 times lower than those living in urban
areas of Asia. However, with urbanization and westerni-
zation of lifestyle in many developing countries, the lower

prevalence of hypertension in rural areas will be gradually
replaced by a higher prevalence of hypertension.
Hypertension and stroke occur at a relatively younger
age in Asia.

The WHO study on Global Aging and Adult Health
(SAGE) assessed data of nationally representative co-
horts from six countries experiencing rapid economic
development (China, Ghana, India, Mexico, Russia, and
South Africa). Hypertension prevalence ranged from
23 % (India) to 52 % (Russia). The highest proportion
of individuals with undiagnosed hypertension was found
in Ghana (83 %) and South Africa (81 %), and the low-
est in Russia (30 %). Overall, 73 % of hypertensives
were untreated (from 35 % in Russia to 87 % in
Ghana). Insurance status and income were significantly
correlated with diagnosis and treatment of hypertension.
Hypertension was uncontrolled in 90 % of hypertensive
individuals in the above six countries. Obesity was sig-
nificantly associated with the risk of developing hyper-
tension and was found even among the lowest income
quintile (13 % obesity). Hypertension control was gen-
erally poor in adult males irrespective of the geographic
location [22¢].

Epidemiology of Hypertension in Low-Income Countries

However, truly alarming reports are those from Africa. A sys-
tematic review and meta-analysis of studies from sub-Saharan
Africa, published between 2000 and 2013 [23¢], found an
estimated pooled 30 % prevalence of hypertension across ages
30-60 years. Only 27 % of respondents were aware of their
hypertension before the surveys, 8 % were receiving treat-
ment, and only about 7 % had their hypertension controlled.

Bosu [24] noted a high prevalence of hypertension
among West Africa’s workforce, of which a significant
proportion is undiagnosed, severe, or complicated. The
crude prevalence of hypertension increased progressively
from 12.9 % in studies published in the 1980s to 34.4 %
in those published in 2010-2014. The proportions of
hypertensives, who had been previously aware of their
diagnosis, were on treatment or had their BP controlled,
were 19.6-84.0 %, 0-79.2 %, and 0—12.7 %, respective-
ly. Hypertensive subjects, including health workers, rare-
ly checked their BP except when ill.

A systematic review and meta-analysis of hyperten-
sion prevalence in the member countries of the South
Asian Association for Regional Cooperation (SAARC)
found a variable prevalence of hypertension, with a
number of countries with BP levels above the global
average [25]. However, the studies are not consistent
in their collection of data regarding hypertension and
other CVD risk factors.
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Discussion

Population studies do not have a uniform design, they
differ in population selection (age range, mean age of
the population), response rates, methods (number of BP
readings and BP measurement devices). Therefore, direct
comparison of results is difficult, if not impossible.

Surrogate indicators of insufficient hypertension control,
e.g., stroke mortality, are useful tools for international
comparisons.

The Prevencién de Riesgo de Ictus (PREV-ICTUS)
study, a community-based study including more than
7000 individuals from primary care centers throughout
Spain (about 1200 physicians), found a significant rela-
tionship between stroke mortality and poor hypertension
control and presence of EKG left ventricular hypertrophy
(after controlling by age, sex, obesity, diabetes, and ur-
ban setting) [26]. In his editorial commentary to PREV-
ICTUS, Cooper suggested that stroke mortality could be
used to monitor progress in hypertension control [27].
The assumption that stroke mortality can serve as a
proxy for average BP in a population was used in the
analysis by Redon et al. of stroke mortality and trends
from 1990 to 2006 in 39 European and Central Asian
countries [28].

Feigin et al. provided recently data on global and re-
gional burden of stroke during 1990-2010 [29e¢]. They
included 58 studies from high-income and 61 from low-
and middle-income countries. Mortality rates decreased
significantly in both high-income (37 %; 31-41 %) and
low- and middle-income countries (20 %; 15-30 %).
Significant geographic differences in stroke mortality
and in the burden of the disease were noted (Fig. 1),
clearly showing higher mortality rates in low- and

middle-income countries. Both the USA and Canada rank
among countries with the lowest stroke mortality (blue)
reflecting the low prevalence and extremely good control
of hypertension.

How to Improve Hypertension Control

Contemplating about various aspects of hypertension during
the first decade of the 21st century, the following facts are
noteworthy: there is a steady increase in the awareness, treat-
ment, and control of hypertension all over the world, most
markedly in North America [30]. Prevalence of hypertension
is increasing in most countries, most rapidly in low- and
middle-income countries. There is also a continuing endeavor
to try to control the hypertension epidemic, particularly in low-
income, developing countries through population-level
interventions.

Thus the High-level Meeting of the United Nations General
Assembly in 2011 [31] recommended dietary salt restriction
as a key community-based intervention to control hyperten-
sion ignoring the fact that the scientific evidence for the effi-
cacy of this maneuver is somewhat shaky. Among 14 system-
atic reviews concerning the efficacy of this intervention, 5
were supportive and 9 were contradictory or inconclusive
[32]. More importantly, the effectiveness of national strategies
of salt reduction has failed in most countries where they were
attempted; of the 32 countries, only 5 have demonstrated some
impact [33].

One gets the impression that since there are no funds
for really efficacious and effective interventions such as
strengthening primary care and securing availability of
antihypertensive drugs, these are replaced by exhortations
addressed to populations to change nutrition and behavior,

‘Mortality
<367
[136-7-51-9
[152-0-851
[185-2-103-0
[ 103-1-1367
B >1367

Fig. 1 Age-standardized stroke mortality per 100,000 people for 2010. Reproduced with permission from Ref. 24
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A favorite recommendation to control hypertension is to
reduce body mass index (BMI), as it is a well-documented
fact that increased BMI is one of the reasons behind the in-
creasing prevalence of hypertension. However, attempts at
lowering BMI through population-wide interventions have
so far failed [34].

Similar unrealistic recommendations for people living in
low-income countries are to increase physical activity or avoid
mental stress; this must puzzle those who are struggling just to
secure sufficient food and shelter for the day.

The North American success in achieving impressive con-
trol of hypertension is due to easy access to primary care and
aggressive use of antihypertensive drugs [35]. The majority of
the presently used antihypertensive drugs, that is, diuretics,
beta-blockers, ACE inhibitors, sartans, Ca-blockers, are all
available in generic forms and the cost even in the developing
world is low so that governments should be able to subsidize
their provision to everyone who needs them. If there is the
will.. .that is.

In the meantime, development of new devices and drugs
continues. Transcatheter renal denervation and baroreflex ac-
tivation therapy are already in clinical use for cases of resistant
hypertension. Currently, 27 new drugs are in preclinical or
stage I/II evaluation [36].

Having all the necessary tools to manage hypertension at
their disposal, an efficient health care system providing low-
cost clinical services in most countries should be a realistic
goal for controlling the global problem of hypertension.

Conclusions

Hypertension is the most prevalent cardiovascular disease; its
prevalence appears to be increasing in many countries not
only because of aging of the population but also because of
increasing obesity. Prevalence of hypertension has remained
stable in the USA (1999-2014) and in Canada (1992-2009),
the two countries with currently the best control of hyperten-
sion worldwide. Prevalence of hypertension in Europe is
higher than that in North America, with control rates also
lagging behind. Control of hypertension is poor in most
middle- and low-income countries. To improve its worldwide
control improved access the medical care and availability of
antihypertensive drugs is needed.
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