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Hypertension in seven Latin American cities: the
Cardiovascular Risk Factor Multiple Evaluation in Latin

America (CARMELA) study

Rafael Hernandez-Hernandez?, Honorio Silva®, Manuel Velasco®,

Fabio Pellegrinid, Alejandro Macchia®, Jorge Escobedo, Raul Vinueza®,
Herman Schargrodsky?, Beatriz Champagne”, Palmira Pramparo' and
Elinor Wilson’, on behalf of the CARMELA Study Investigators

Background Little information is available regarding
hypertension, treatment, and control in urban population of
Latin America.

Objective We aimed to compare blood pressure (BP)
distribution, hypertension prevalence, treatment, and
control in seven Latin American cities following standard
methodology.

Methods The Cardiovascular Risk Factor Multiple Evaluation
in Latin America (CARMELA) study was a cross-sectional,
epidemiologic study assessing cardiovascular risk factors
using stratified multistage sampling of adult populations
(aged 25-64 years) in seven cities: Barquisimeto
(Venezuela; n=1848); Bogota (n=1553); Buenos Aires
(n=1482); Lima (n =1652); Mexico City (n =1720); Quito
(n=1638); and Santiago (n =1655). The prevalence of
hypertension and high normal BP were determined based on
2007 European Society of Hypertension and European
Society of Cardiology definitions.

Results BP increased with age in men and women; pulse
pressure increased mainly in the upper age group. The
hypertension prevalence ranged from 9% in Quito to 29% in
Buenos Aires. One-quarter to one-half of the hypertension
cases were previously undiagnosed (24% in Mexico City to
47% in Lima); uncontrolled hypertension ranged from 12%
(Lima) to 41% (Mexico City). High normal BP was also
evident in a substantial number of each city participants
(~5-15%). Majority of population has other cardiovascular
risk factors despite hypertension; only 9.19% of participants
have no risk factors apart from hypertension.

Introduction

Hypertension is a major public health concern world-
wide. The 2007 Guidelines for the Management of
Arterial Hypertension from FEuropean Societies of
Hypertension and Cardiology recognize three categories
of hypertension (grade 1-3) and an additional high nor-
mal blood pressure (BP) category [1]. The patients with
high normal BP include individuals with mildly elevated
BP who are also at increased risk for cardiovascular
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disease and who may benefit from interventions designed
to prevent progression to hypertension grade 1. In 2000,
worldwide prevalence of hypertension was estimated to
be approximately 26%. Currently, two-thirds of the 972
million adults with hypertension reside in economically
developing countries; moreover, it has been estimated that
by the year 2025, the prevalence of hypertension will have
risen by 24% in economically developed countries, but
in economically developing countries, an 80% rise is
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predicted [2]. This will inevitably strain healthcare sys-
tems and cause substantial increases in healthcare costs [3].

Hypertension is considered the single most preventable
cause of premature death [4,5] and in Latin America, it is
strongly linked to premature death from stroke and
ischemic heart disease [6]. In fact, hypertension is the
risk factor most strongly associated with first acute myo-
cardial infarction (MI) in Latin American countries [odds
ratio (OR), 2.81; 95% confidence interval (CI) 2.39-3.31]
[7], an association that is stronger than that in worldwide
analyses (OR, 2.48; 99%CI 2.30-2.68) [8]. Even high
normal BP (SBP 130-139 mmHg or DBP 85-90 mmHg)
has been found to increase risk for cardiovascular disease
2.33 times above the risk with optimal BP (<120/
80mmHg) [9]. Furthermore, the end-organ damage
(e.g., kidney, peripheral vascular) associated with hyper-
tension emphasizes the importance of prevention, detec-
tion, and treatment efforts [1].

Compounding the predictions of a large increase in the
prevalence of hypertension in developing countries, solid
epidemiologic data to support public health efforts in
Latin America have been lacking; previous studies are
hard to compare due to differences in methodology and
population characteristics [10]. The Cardiovascular
Risk Factor Multiple Evaluation in Latin America
(CARMELA) study was designed to systematically
evaluate and compare cardiovascular risk factors in seven
major Latin American cities. An initial report from this
study has previously been published [11]. Here, the BP
distribution, prevalence of hypertension and high normal
BP, levels of awareness, treatment and hypertension
control, and assessment of stratification of total cardio-
vascular risk are reported.

Patients and methods

The CARMELA study is a cross-sectional, observational
study with the added value of being conducted mostly by
practicing clinicians integrated in a sub-continental net-
work, using stratified multistage sampling and conducted
between September 2003 and August 2005 in Barquisi-
meto, Venezuela; Bogota, Colombia; Buenos Aires,
Argentina; Lima, Peru; Mexico City, Mexico; Quito,
Ecuador; and Santiago, Chile. The velocity of sampling
recruitment was different in each city; at the end, a total
of approximately 1600 participants (male and female) per
city between the ages of 25 and 64 years were enrolled,
taking about 200 people from each 10-year age and sex
group to provide accurate prevalence estimates in each of
the eight age-sex groups. Detailed methodology and
study design are presented elsewhere [11]. The study
was conducted according to the Declaration of Helsinki
and the Guides for Good Clinical Practice. A customized
questionnaire was used to collect information on demo-
graphics, hypertension, and other common cardiovascular
risk factors. Participants visited designated healthcare

institutions for standardized clinical measurements,
obtained by health personnel trained, certified, and
supervised by CARMELA investigators.

Blood pressure measurement

The American Heart Association guidelines for BP
measurement were followed. A trained observer using a
calibrated mercury sphygmomanometer measured BP
while the participant was seated and at rest. T'wo readings
were taken 5min apart; if they differed by more than
5mmHg, measurements were repeated until two close
readings were obtained. The average values were used
for statistical analysis. Using European Society of Hyper-
tension and European Society of Cardiology (ESH/ESC)
guidelines, hypertension was defined as SBP at least
140 mmHg or DBP at least 90 mmHg or current antihy-
pertensive medication use; grade 1 was defined as SBP
140-159 mmHg and/or DBP 90-99 mmHg; grade 2 was
defined as SBP 160-179mmHg and/or DBP 100-
109 mmHg; grade 3 was defined as SBP at least 180 mmHg
and/or DBP at least 110mmHg; high normal BP was
defined as SBP 130-139mmHg and/or DBP 85—
89 mmHg [1]. Previously undiagnosed hypertension was
hypertension in participants who reported that they were
not hypertensive, did not know, or were hypertensive
only during pregnancy. Hypertension was defined taken
into consideration BP levels (SBP > 140 mmHg and/or
DBP >90 mmHg) or current pharmacological treatment.

All clinical measurements were standardized; anthropo-
metry, BP readings, blood lipid and glucose, and common
carotid artery ultrasonography were carried out in one
single clinical visit, as previously published [11].

Statistical analysis

Statistical processing addressed the nonequal probability
character of the sample and the structure of the design to
generate data adjusted for the age and sex distribution of
the population of each city. Weighted means and preva-
lence along with their 95% Cls were estimated by survey
analysis procedures (SAS Software, Release 9.1, Cary,
North Carolina, USA), taking into account the multistage
stratified sampling design via CLUSTER and STRATA
statements. SBP, DBP, and pulse pressure (PP) levels
along with prevalence of hypertension were analyzed.
Generalized analysis of variance (ANOVA) models were
used for city, age, and sex group comparisons. Sex-by-age
class and city-by-age class interaction ANOVA models
were also performed. Trend tests for age class were
reported. Furthermore, prevalence of stratification of
cardiovascular risk, according to ESH/ESC 2007 guide-
lines, and prevalence of levels of assessment, awareness,
treatment, and control of hypertension by city were also
assessed. A two-way ANOVA by city and age class for
men and women groups, respectively, was also performed
on SBP, DBP, and PP values. P values less than 0.05 were
considered significant.
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9.19

55.78
31.27
3.76

Isolated systolic hypertension in nontreated participants
represented 16.8% of the overall hypertensive partici-
pants. The highest proportion was observed in Lima
(34.8%), ftollowed by Quito (25.8%), Barquisimeto
(24.6%), Buenos Aires (12.2%), Santiago (12%), Bogota
(8.7%) and Mexico City (8.6%); between city heterogen-
eity P value <0.0001.

Total
100.00

Grade 3
hypertension
0.01
0.16
0.30
0.02
0.50

Participants from Quito and Bogota were most likely to
have optimal and normal BP. High normal BP was widely
evident in each city, with higher prevalence in Mexico
City and Buenos Aires followed by Santiago, Barquisi-
meto, Lima, Bogota, and Quito. Ten percent of all
participants have high normal BP (Table 6).

Grade 2
hypertension
0.05
0.48
1.06
0.13
1.71

"T'he proportion of patients at risk of each city (those with
treated or untreated hypertension or high normal BP)
varied considerably: 44.2% in Buenos Aires, 34.4% in
Barquisimeto, 33.4% in Santiago, 26.3% in Mexico City,
21.6% in Bogota, 21.4% in Liima, and 13.4% in Quito; in
all the participants 26.8%.

Grade 1
hypertension
0.30
2.25
3.73
0.24
6.51

Total cardiovascular risk

Table 6 shows stratification of cardiovascular risk in
CARMELA participants at different BP levels. Of all
the participants, 9.19% have no other risk factor apart
from hypertension; at the same time, 55.78% have one or
two risk factors; 31.27% have three or more risk factors,
or metabolic syndrome or diabetes or organ damage
measured by carotid wall thickening [intima—media
thickness (IMT) >0.9 or plaque]; 3.76% have estab-
lished cardiovascular disease (MI, stroke, or angina).
Average risk is present in 8.84% of all participants;
low added risk in 53.18%; moderate added risk
23.15%; and high or very high added risk in 14.83%
according to ESH/ESC guidelines. Santiago, Barquisi-
meto, and Buenos Aires have high prevalence of high or
very high added risk (17.93; 17.91, and 17.79%, respect-
ively); at the same time, Quito, Bogota, Mexico City,
and Lima have the lowest (11.05, 12.62, 13.96, and
14.56%, respectively).

High normal
BP
0.41
3.64
5.80
0.22

10.07

Normal
BP
1.65

12.53
5.65
0.65

20.48

Optimal
BP
6.65
34.68
10.33

1.40
53.07

Treated
0.12
2.03
4.40
1.10
7.65

Awareness, treatment, and control of hypertension
Table 7 shows levels of assessment, awareness, treat-
ment, and control of hypertension, for each city and all
participants. BP is reported to be measured ever in
approximately 90% of participants in the study; the
higher value was in Buenos Aires and Mexico City
(97.5%) and the lower in Lima (73.4%). Prior diagnosis
of hypertension had a weighted prevalence of 64.4% for
all participants; the higher values for Mexico City (75.7%)
and lower for Lima (53.1%). Treated and controlled
hypertension defined as BP less than 140/90 mmHg
had a weighted prevalence of 24%, ranging from 12.0%
(8.4-15.7%) for Lima to 41.0% (36.2—-45.8%) for Mexico
City.

(M, stroke, or angina)

MS, or OD, or diabetes
Total

3 or more risk factors, or
Established CV disease

No other risk factor
1-2 risk factors
OD: subclinic organ damage measured only by carotid wall thickening [intima—media thickness (IMT) >0.9 mm] or plaque. MS: metabolic syndrome defined by European Society of Hypertension and European Society of Cardiology

(ESH/ESC) guidelines. Established cardiovascular disease explored by past personal medical history. General association P value for each single city and between-cities heterogeneity all <0.0001. BP, blood pressure; CV,

cardiovascular; MI, myocardial infarction.

Table 6 (continued)

All participants
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women: 21.39%). Prevalence increased with age and
went from 7.97% in participants of 20-29 years of age
group to 54.19% in 60—-69 years of age group [17]. These
results are similar to those of CARMELA study for
the same city.

The 11.7% prevalence of hypertension in Mexico City in
the CARMELA study is lower than the approximately
19% reported in the Mexico City Diabetes study [14] and
in the 2000 National Health Survey in Mexico (26.3%)
[18], but similar to the age-group-specific reported preva-
lence in the Mexico City Diabetes study [19] and slightly
less than the 16.9% prevalence reported in Mexican-
Americans in the 2003—-2004 National Health and Nutri-
tion Examination Survey (NHANES) study [20].
Whereas the prevalence of hypertension was derived
from the average of at least two measurements in the
CARMELA, NHANES, and the Mexico City Diabetes
studies, prevalence in the National Health Survey in
Mexico was based on a single measurement only, increas-
ing the likelihood that overestimation contributed to the
high prevalence of hypertension in that study.

Despite differences in methodology between studies,
the prevalence rates of hypertension in Buenos Aires,
Barquisimeto, and Lima reported here are similar to
previously reported rates in urban populations in Argen-
tina [13,21], Barquisimeto [17], Chile [16], and Peru [22].
However, the prevalence rate in Bogota reported here is
higher and in Quito lower than those in other reports

[22,23].

CARMELA study found that only a small fraction
(9.19%) of the population has no other risk factor apart
from elevation in BP. In fact, approximately 50-60% of
all the participants have one or two risk factors and
approximately 25-37% have three or more risk factors,
or metabolic syndrome, or diabetes mellitus, or athero-
sclerotic disease detected by ultrasonography of carotids.
The subclinical organ damage used for stratification of
risk in CARMELA study was restricted to IMT thickness
and presence of plaque in carotid arteries; it was not
included in other explorations for detecting cardiac or
renal organ damage. This fact might have limited the
overall state of risk in the population of the study, but
presence of vascular damage detected by ultrasonography
has been extensively reported to correlate positively
with other cardiac or cerebrovascular damage [24,25].
In the APROS study [26], 1074 untreated individuals
with low-to-medium risk essential hypertension were
identified on the basis of diagnostic routine procedures,
including medical history, physical examination and
clinic BP measurement, routine blood chemistry and
urine analysis, and electrocardiogram. The extent of
risk for the 1074 individuals was reassessed by adding
the results of ultrasound examinations of heart and
carotid arteries: left ventricular hypertrophy (defined as

left ventricular mass index >120g/m* in men and
>100 g/m* in women), carotid intima—media thickening
(defined as diffuse thickening if >0.8 mm), and presence
of plaque (defined as focal thickening >1.3 mm). Fifty-
three percent of patients previously classified as ‘low’ or
‘medium’ risks were reclassified as ‘high’ risk. When the
reclassification was based on either cardiac or carotid
ultrasound alone, the number reclassified as high risk
was reduced by approximately one-third with echocar-
diography alone and by approximately one-half with
carotid ultrasound alone. In the CARMELA study, only
carotid ultrasonography was carried out and this is the
main limitation for risk evaluation; however, about 14%
of CARMELA study participants were classified as high
or very high risk and about 31% have three or more risk
factors, diabetes, metabolic syndrome, or carotid arterial
damage; in the APROS study, 27.4% were classified as
high risk with the carotid ultrasound evaluation and it
rose to 36.9% with the echocardiography evaluation in
hypertensive population; meanwhile, CARMELA was
carried out in general population. In the clinical situation,
with accessibility of wider resources, the use of ultra-
sound for evaluation of cardiac and carotid artery as well
as renal function tests, in addition to ordinary clinical
evaluation, should be included for the appropriate
monitoring of risk.

In the Italian study on cardiovascular profile of patients
under specialist care, hypertension was the only risk
factor in 13.7% of patients and 70% of patients had
one or two additional risk factors; about 60% of patients
fell into high or very high cardiovascular risk category
[27]. However, these two studies are not strictly compar-
able [26,27] (general population versus specialist clinical
care); both indicate the importance of considering total
cardiovascular risk either as individual patient or general
population. In this sense, total cardiovascular risk in
urban population of Latin America is high and has
important public health implications for the region, as
antihypertensive therapy should form part of a multi-
factorial approach to prevent cardiovascular morbidity
and mortality.

Economic transition, industrialization, and globalization
bring about changes that predispose individuals to devel-
oping hypertension and other cardiovascular risk factors
[28]. Changes in diet and physical activity in developing
countries have increased the number of younger individ-
uals with hypertension and cardiovascular disease [2].
Reports from several Latin American studies indicate
variable prevalence of undiagnosed and undertreated
hypertension [10,12]. In the United States, efforts to
increase awareness and control hypertension and other
cardiovascular risk factors have decreased mortality from
stroke and coronary heart disease by 50—-60% since 1950
[29]. Population-based efforts and targeted clinical strat-
egies have been promoted in developed countries to
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achieve weight loss, reduce intake of dietary sodium,
maintain intake of potassium, increase dietary fiber and
plant sources of protein, limit alcohol intake, and increase
physical activity in addition to promoting appropriate
use of, and compliance with, pharmacologic therapy.
Of additional benefit, these measures also target obesity
and glucose abnormalities [30,31]. Even simple measures
like government regulation of salt content in processed
foods can have a great impact on the consequences of
hypertension [32]. Indeed, it has been shown that by
instituting tobacco control measures along with reducing
salt intake, 13.8 million deaths might be averted over a
10-year span at a cost of less than $0.40 (US) per person
per year in lower income countries [30]. CARMELA
results should encourage the implementation of similar
governmental health policy, public health, and edu-
cational efforts across Latin America.

Latin American countries have a substantial mixture of
ethnic groups, including European, African, and Amer-
indian; there is large variability from one country to
another as well as from region to region in the same
country [10]. Thus, CARMELA results should aid inves-
tigation of unique environmental or genetic influences in
each of its seven cities that might support specifically
designed efforts to control hypertension in Latin Amer-
ica. Likewise, newly developed population-wide predic-
tion tools for low-income and middle-income countries
should aid in delineating specific populations at cardio-
vascular risk, so that limited resources can be used to
target high-risk individuals appropriately [33]. With
CARMELA results in mind, recent comprehensive
guidelines for management of hypertension should be
adapted to specific local needs [1].

In conclusion, CARMELA findings indicate substantial
though varied prevalence of hypertension, high normal
BP, and previously undiagnosed hypertension together
with other cardiovascular risk factors across seven major
Latin American cities. Despite differences in prevalence
rates across cities, the prevalence of hypertension gener-
ally increased with age, more so in women than men.
Awareness and control of hypertension vary importantly
across cities but in all are insufficient. Stratification of
total cardiovascular risk indicates only small fraction of
hypertensive population has BP elevation alone; individ-
uals even with optimal or normal BP have important risk
factors. Increased cardiovascular morbidity, mortality,
and substantial economic burden will be a consequence
of these conditions for Latin America in general, unless
clinical and public health efforts intervene.
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