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Abstract

High blood pressure (HBP) is the leading risk factor for years of life lost in Brazil. Factors
associated with HBP awareness, treatment and control need to be understood better. Our
aim is to estimate prevalence, awareness, and types of anti-hypertensive treatment and to
investigate the association of HBP control with social position. Data of 15,103 (54% female)
civil servants in six Brazilian state capitals collected at the Brazilian Longitudinal Study

of Adult Health (ELSA-Brasil) baseline (2008-2010) were used to estimate prevalence

and cross-sectional association of HBP control with education, per capita family income
and self-reported race, using multiple logistic regression. Blood pressure was measured

by the oscillometric method. 35.8% were classified as presenting HBP; 76.8% of these
used anti-hypertensive medication. Women were more aware than men (84.8% v. 75.8%)
and more often using medication (83.1% v. 70.7%). Adjusted HBP prevalence was, in
ascending order, Whites (30.3%), Browns (38.2%) and Blacks (49.3%). The therapeutic
schemes most used were angiotensin-converting enzyme inhibitors, in isolation (12.4%) or
combined with diuretics (13.3%). Among those in drug treatment, controlled blood pressure
was more likely in the (postgraduate) higher education group than among participants with
less than secondary school education (PR = 1.21; 95% CI: 1.14-1.28), and among Asian
(PR=1.21;95% CI: 1.12—-1.32) and ‘Whites (PR = 1.19; 95% CI: 1.12—1.26) compared to
Blacks. Socioeconomic and racial inequality—as measured by different indicators—are
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strongly associated with HBP control, beyond the expected influence of health services
access.

Introduction

High blood pressure (HBP) accounted for 9.4 million deaths and 7% of global disability-
adjusted life years in 2010, making it the leading single risk factor in the global burden of dis-
ease[1]. According to recent World Health Organization (WHO) estimates, the prevalence of
HBP in adults (>25 years) is 29.2% of males and 24.8% of females[2], leading to worldwide
prevalence of hypertension estimated at more than 1 billion individuals. About 54% of strokes
and 47% of coronary heart disease worldwide are attributable to HBP[3], which is also a risk
factor for heart failure, diabetes, chronic kidney disease, cognitive decline and other diseases.
Overall, about 80% of the HBP-related burden of disease occurs in low-income and middle-
income countries[3], where the prevalence of hypertension has been rising and rates of aware-
ness, treatment and control are lower than in developed countries[4].

Brazil is a South American country of continental dimensions with the fifth-largest popula-
tion in the world, where rates of morbidity and mortality are strongly affected by geographical,
racial and social inequalities[5]. Cardiovascular diseases, particularly stroke and coronary heart
disease, have been-and, despite their decline, continue to be-the main cause of death in Brazil
[6]: in 2010, about 29% of all deaths were attributable to cardiovascular diseases[7]. HBP is the
leading risk factor for death and years of life lost in Brazil[1]. Nonetheless, information about
prevalence, awareness, treatment and control of HBP in Brazil is limited[8-10]. National prev-
alence estimates are derived from interviews and telephone surveys[11,12] and data about HBP
awareness, treatment and control are available only from local surveys conducted in specific
Brazilian cities or states[13-16]. Moreover, no studies of antihypertensive drug prescribing pat-
terns in Brazil were found. Accurate data on prevalence, awareness, management and control
from a larger, more diverse Brazilian sample can guide future evidence-driven health policies
and may allow comparisons with other countries[17].

In Brazil, it is largely unknown how socioeconomic, racial and demographic factors influ-
ence control of HBP. Higher prevalence of hypertension and poorer therapeutic control have
been noted among those of lower socioeconomic position[18,19]. Social class, race and gender
are the basic axes of the social hierarchy which shape "the causes of causes"[20] of diseases,
since they cause an uneven distribution of risk factors, including HBP[21]. Examining differ-
ences in the prevalence and control of HBP by education, income, race and gender helps avoid-
ing the oversimplification of the multifaceted nature of social disadvantage and its effects on
health[22].

ELSA-Brasil (Estudo Longitudinal de Satide do Adulto—Longitudinal Study of Adult
Health) is a large (15,105-subject), multiracial, multicentre cohort study focused on the risk of
cardiovascular diseases, diabetes, and obesity in Brazilian adults aged 35-74 years[23]. From
the ELSA cohort’s baseline data, this present study examined prevalence, awareness, manage-
ment and control of HBP, as well as patterns of antihypertensive drug use. It further evaluated,
in participants using antihypertensive drugs, how controlled high blood pressure associated
with age, gender, education levels, per capita family income and race.

Methods
Study population

Detailed information on ELSA-Brasil can be found in another publication[23]. Briefly, itis a
multicentre cohort study involving public servants at six teaching and research institutions in
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six towns in Brazil. Its main aims were to examine the incidence of cardiovascular disease and
diabetes, as well as their main social, contextual, occupational and biological determinants.
Baseline assessment consisted of an approximately 7-hour evaluation, which included a com-
prehensive set of measurements, clinical, laboratory and imaging exams and a detailed in-
person interview by trained personnel.

For the baseline study (2008-2010), 15,105 retired and active civil servants from 35 to 74
years old were recruited, out of which 2 individuals were excluded because of there was no
information on anti-hypertensive drug use.

Study variables

Measurement of blood pressure and anti-hypertensive drugs. Arterial pressure was
measured after five minutes’ rest[24], with the participant sitting in a quiet room at controlled
temperature (20-24°C), using a validated oscillometric device (Omron HEM 705CPINT)
[24,25], following recommendations of the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (2004)[26]. Three
measurements were taken at one-minute intervals[27].

Quality assurance and control procedures were implemented across centres to minimise
error. Test-retest measurements were performed under similar conditions shortly after the
original set of measurements. The intra-class correlation coefficients were 0.88 (95% CI
0.82;0.91) for systolic blood pressure and 0.89 (95% CI 0.83;0.82) for diastolic blood pressure
[28].

All participants were asked about use of continuous medication in the prior two weeks[29]
and were instructed to bring prescriptions and/or drugs used to the study clinic. This informa-
tion was recorded during the interview on a specifically-prepared form. The antihypertensive
drugs reported by participants were classified into seven categories by main pharmacological
action: diuretics (thiazides, loop diuretics, aldosterone antagonists and potassium-sparing
drugs); beta-blockers; calcium-channel blockers; angiotensin-converting enzyme (ACE)
inhibitors; angiotensin-II antagonists; vasodilators (direct action); and central and peripheral
sympatholytics.

Definitions. Casual blood pressure (BP) was considered to be the mean of the last two of
the three BP measurements taken. Hypertension was defined in terms of three criteria: systolic
BP > 140 mmHg or diastolic BP > 90 mmHg or use of medication to treat HBP.

To be considered an anti-hypertensive drug user a participant had to report a specific medi-
cation in at least one of the categories listed above and to respond ‘Yes’ to the question "Are
any of the drugs you have taken in the past two weeks for hypertension (high blood pres-
sure)?".Controlled blood pressure was defined as SBP <140 mm Hg and DBP <90 mm Hg.

Those who responded ‘Yes’ to the question "Has a doctor ever told you that you have hyper-
tension (high blood pressure)?" were considered to be aware of the condition of HBP, except
women who reported the diagnosis only during pregnancy. Controlled HBP was defined as
systolic BP < 140 mmHg and diastolic BP < 90mmHg. This study did not evaluate non-
drug treatment of HBPhypertension.

Covariates. The following covariates were considered: age (35-44,45-54,55-64,65-74),
gender, education (<secondary, secondary, undergraduate, postgraduate), self-declared race
(Black, Brown, White, Asian and Indigenous) and per capita family income in US dollars
(USD) (<500.00, 501.00 to 1000.00, >1000.00)—local currency, Brazilian reais (BRL) was con-
verted to USD at a rate of BRL 2.00 = US$1.00.
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Statistical analysis

Cohort characteristics were summarized using prevalence of high blood pressure by age, gen-
der, education, per capita family income and race. Prevalence adjusted for age and gender were
estimated using a logistic regression model[30]. It consists in direct adjustment to estimate
prevalence ratio from logistic regression using the conditional and marginal methods. Asymp-
totic confidence intervals for the conditional and marginal prevalence ratios were proposed by
Flanders and Rhodes[31]. Details can be found in Bastos et. al 2015[32]. In this paper we esti-
mated the prevalence ratio using marginal methods. The adjusted prevalences were estimated
using the same approach. Prevalence of HBP, awareness, anti-hypertensive drug use and con-
trolled HBP were also calculated by age and gender.

The association between covariates and controlled HBP was investigated through multiple
logistic regression. We fitted four models including each socio-demographic variable step by
step, in order to be able to discuss the contribution and changes of estimates in each one.The
Marginal prevalence ratios were estimated as proposed by Wilcosky&Chambless[30]. All anal-
yses were performed using R Core[33].

Ethical considerations

Approvals were granted by all institutional review boards: Sao Paulo University, Oswaldo Cruz
Foundation, Federal University of Bahia, Federal University of Minas Gerais, Federal Univer-
sity of Espirito Santo, and Federal University of Rio Grande do Sul. All participants signed dec-
larations of informed consent.

Results

Prevalence of HBP was greater among the men than among the women (40.1% vs. 32.2%) and
increased with age (Table 1). In addition, it varied strongly and inversely with level of educa-
tion (prevalences adjusted for sex and age), from 44% among participants who had not com-
pleted secondary school to 28.4% among those with postgraduate studies; and also with per
capita family income. Participants who classified themselves as Black showed greater adjusted
prevalence (49.3%) than those who classified themselves in the other colour/race categories.

Overall, 35.8% were classified as having HBP (Table 2 and S1 File). Of these, 80.2% were
aware they had HBP, that awareness being more frequent among women than among men
(84.8% vs. 75.8%) in all age groups, although especially salient in the youngest age group (35—
44 years old).

Table 2 presents the prevalence of high blood pressure, its awareness and the use of anti-
hypertensive drugs among all participants. In addition the proportion of blood pressure control
is presented both among all participants classified with high blood pressure and among those
using anti-hypertensive drugs.Use of at least one anti-hypertensive drug was reported by 76.8%
(n = 4147) of participants classified as having HBP and was also more frequent among women
in all age groups (Table 2). Among users of anti-hypertensives, 69.4% showed controlled blood
pressure levels (65.5% of the men and 72.9% of the women). Considering all the participants
classified as having HBP, about 53% showed appropriate blood pressure levels.

Among those using anti-hypertensives, the prevalence of controlled blood pressure,
adjusted for age, level of education, per capita family income and colour/race (Table 3, Model
4), was 15% greater among women than among men (PR = 1.14; 95% CI: 1.10-1.19). Besides,
thisprevalence varied inversely with education: among participants with postgraduate studies,
it was 21% greater (PR = 1.21; 95% CI: 1.14-1.28) than among those who had not completed
secondary school. Interestingly, as compared with those who had not completed secondary
school, there was a difference between participants who had postgraduate studies and those
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Table 1. Study population (n and %) and prevalence of high blood pressure by gender, age, socioeconomic position and race. Longitudinal Study

of Adult Health (ELSA-Brasil), 2008-2010.

Variables

Gender

Male

Female

Age

35 to 44

45 to 54

55 to 64

65 to 74

Education
<Secondary complete
Secondary complete
Undergraduate complete
Postgraduate

Per capita family income (USD)
<500.00

501.00 to 1000.00
>1000.00
Colour/Race

Black

Brown

White

Asian

Indigenous

N (%)

6888 (45.6)
8215 (54.4)

3341 (22.1)
5937 (39.3)
4235 (28.1)
1590 (10.5)
1922 (12.7)
5233 (34.7)
2415 (16.0)
5533 (36.6)

5564 (37.0)
5142 (34.2)
4327 (28.8)

2397 (16.1)
4202 (28.2)
7789 (52.2)
374 (2.5)
157 (1.0)

No information: Income (n = 70); Race (n = 184) (excluded from the total).

doi:10.1371/journal.pone.0127382.1001

High blood pressure

Crude Adjusted by age and gender
N % %
2760 40.1 40.1
2642 32.2 32.2
531 15.9 15.8
1859 31.3 31.3
1994 471 47.3
1018 64.0 63.7
1012 52.7 44.0
1998 38.2 40.8
768 31.8 34.9
1624 29.4 28.4
2172 39.0 40.9
1721 33.5 34.6
1484 34.3 30.7
1158 48.3 49.3
1558 37.1 38.2
2421 31.1 30.3
126 33.7 32.1
60 38.2 34.4

Table 2. Prevalence of high blood pressure, awareness, use of anti-hypertensive drugs and blood pressure control, by gender and age, 2008-
2010. Longitudinal Study of Adult Health (ELSA-Brasil), 2008—2010.

Variables Prevalence of high blood
pressure
Age (years) Gender N % Total
35to0 44 M 308 19.7 1563
F 223 125 1778
45 to 54 M 970 36.2 2682
F 889 27.3 3255
55 to 64 M 963 51.9 1856
F 1031 433 2379
65 to 74 M 519 66.0 787
F 499 62.1 803
Total M 2760 40.1 6888
F 2642 322 8215
Total 5402 35.8 15103

doi:10.1371/journal.pone.0127382.1002

Aware
Yes %
192 62.3
178 79.8
694 71.6
743 83.6
776 80.6
900 87.3
430 82.9
420 84.2
2092 75.8
2241 84.8
4333 80.2

Use drugs
N %
160 52.0
162 72.7
619 63.8
718 80.8
737 76.5
881 85.5
435 83.8
435 87.2
1951 70.7
2196 83.1
4147 76.8

109
123
418
568
471
637
280
273
1278
1601
2879

Blood Pressure Controlled

% with high blood pressure % of those using drug(s)

35.4 68.1
55.2 75.9
43.1 67.5
63.9 79.1
48.9 63.9
61.8 72.3
54.0 64.4
54.7 62.8
46.3 65.5
60.6 72.9
53.3 69.4
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Table 3. Association between socioeconomic position, race and control of blood pressure among
hypertensives who used anti-hypertensive drugs. Longitudinal Study of Adult Health (ELSA-Brasil),
2008-2010.

Controlled blood pressure

PR Cl (95%)
Model 1: age and gender
Age 0.99 0.99-1.00
Male 1.00 -
Female 1.11 1.07-1.16
Model 2: Model 1 + education
Age 0.99 0.99-1.00
Female 1.13 1.09-1.18
<Secondary complete 1.00 -
Secondary complete 1.06 1.01-1.12
Undergraduate complete 1.17 1.11-1.24
Postgraduate 1.30 1.24-1.36
Model 3: Model 2 + income
Age 0.99 0.99-1.00
Female 1.13 1.09-1.18
Secondary complete 1.05 1.00-1.11
Undergraduate complete 1.15 1.08-1.22
Postgraduate 1.26 1.19-1.33
Income per capita <500.00 (USD) 1.00 -
Income per capita 501.00 to 1000.00 (USD) 1.05 1.00-1.10
Income per capita >1000.00 (USD) 1.05 1.00-1.12
Model 4: Model 3 + race
Age 0.99 0.99-1.00
Female 1.14 1.10-1.19
Secondary complete 1.05 1.00-1.11
Undergraduate complete 1.13 1.06-1.20
Postgraduate 1.21 1.14-1.28
Income per capita 501.00 to 1000.00 (USD) 1.02 0.97-1.08
Income per capita >1000.00 (USD) 1.01 0.95-1.08
Black 1.00 -
Brown 1.05 0.99-1.10
White 1.19 1.12-1.26
Asian 1.21 1.12-1.32
Indigenous 1.18 1.04-1.35
N = 4082.

Note: The reference category for each covariate was specified only when first included.

doi:10.1371/journal.pone.0127382.t003

with undergraduate studies only: among the latter, the prevalence of controlled blood pressure
was smaller (PR = 1.13; 95% CI: 1.06-1.20. Per capita family income showed no statistically
significant association in the model adjusted for all the other variables. Prevalence of controlled
blood pressure levels was 21% greater among self-reported Asian participants (mainly of
Japanese descent) than self-reported Blacks (PR = 1.21; 95% CI: 1.12-1.32), and 19% greater
among Whites than among Blacks (PR = 1.19; 95% CI: 1.12-1.26). No difference was observed
between Browns and Blacks.
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Among the 4147 participants in treatment with drugs, the classes of anti-hypertensives
most used, in isolation or combination, were: diuretics (53%); angiotensin-converting enzyme
inhibitors (ACE inhibitors) (38.7%); beta blockers (31.7%); angiotensin II receptor antagonists
(29.3%); calcium-channel blockers (18.9%); central action sympatholytics (1.71%); alfa-1
blockers (0.51%); vasodilators (0.4%). Among the diuretics (n = 2471), most used were thia-
zides (85.7%), followed by aldosterone antagonists and potassium-sparing drugs (11.6%) and
loop diuretics (2.8%) (data not shown).

Most used in treatment with one or more drug classes (Table 4) were ACE inhibitors com-
bined with diuretics (13.3%) or alone (12.4%), angiotensin II antagonists (11%), diuretics
(9.2%) and beta blockers (8.9%).

The drugs most used alone (Table 5) were hydrochlorothiazide (39.6%), followed by enala-
pryl (23.4%), atenolol (21.9%), losartan (19.2%), amlodipine (14.2%), captopril (10.7%), chlor-
talidone (8.5%), and amiloride(5.4%) in association with other diuretics, and propranolol
(4.9%). Among diuretics, the most used was hydrochlorothiazide (78%), followed by the loop
diuretic furosemide +bumetamide (3%), or spironolactone (2.5%). Chlorthalidone was used by
17% of participants.

Discussion

In this cohort, from 35 to 74 years old, 35.8% of participants were classified as hypertensive,
with greater prevalence among the men. The women showed more frequent prior awareness of
their condition of HBP, use of anti-hypertensive drugs and control of blood pressure (BP).
Control of BP among users of anti-hypertensive drugs varied inversely with socioeconomic
position and was lower among self-reported Black participants. The drug classes most used for
treatment were, in decreasing order, diuretics, ACE inhibitors, beta blockers and angiotensin II
antagonists. The great majority of participants classified as having HBP used more than

one anti-hypertensive drug, particularly ACE inhibitors in combination with diuretics.

Table 4. Use of anti-hypertensive drugs by drug classes and combinations. Longitudinal Study of Adult
Health (ELSA-Brasil), 2008—-2010.

Drug classes and combinations N %

Angiotensin converting enzyme inhibitors+Diuretics 553 13.3
Angiotensin converting enzyme inhibitors 516 12.4
Angiotensin-Il antagonists 455 11.0
Diuretics 382 9.2
Beta blockers 367 8.9
Beta blockers + Diuretics 311 7.5
Beta blockers + Angiotensin-converting enzyme inhibitors + Diuretics 151 3.6
Calcium-channel blockers 117 2.8
Beta blockers + Angiotensin-converting enzyme inhibitors 103 2.5
Calcium-channel blockers + Angiotensin-converting enzyme inhibitors+ Diuretics 103 2.5
Calcium-channel blockers + Angiotensin converting enzyme inhibitors 86 2.1
Calcium-channel blockers+ Diuretics 66 1.6
Beta blockers+ Calcium-channel blockers 50 1.2
Beta blockers + Calcium-channel blockers + Diuretics 43 1.0
Beta blockers + Calcium-channel blockers + Angiotensin-converting enzyme inhibitors 21 0.5
All five groups 2 0.1
Others 821 19.8
Total 4147 100.0

doi:10.1371/journal.pone.0127382.t004

PLOS ONE | DOI:10.1371/journal.pone.0127382 June 23,2015 7/14



@'PLOS ‘ ONE

Hypertension Control in the Elsa-Brasil Study

Table 5. Use of anti-hypertensive drugs. Longitudinal Study of Adult Health (ELSA-Brasil), 2008—2010.

Name

Hydrochlorothiazide
Enalapril
Atenolol
Losartan
Amlodipine
Captopril
Chlorthalidone
Amiloride
Propranolol
Indapamide
Valsartan
Metroprolol
Lisinopril
Nifedipine
Olmesartan
Candesartan
Furosemide
Ramipril
Telmisartan
Spironolactone
Carvedilol
Clonidine
Others

No information: n = 6.

Total users of anti-hypertensives: 4147.

No

2504
3176
3240
3349
3559
3703
3795
3922
3943
3980
3988
4019
4050
4054
4062
4065
4083
4083
4087
4093
4096
4101
4146

Yes

1643
971
907
798
588
444
352
225
204
167
159
128
97
93
85
82
64
64
60
54
51
46
284

%
39.6
23.4
21.9
19.2
14.2
10.7
8.5
5.4
4.9
4.0
3.8
3.1
2.3
2.2
2.1
2.0
1.5
1.5
1.5
1.3
1.2
1.1
6.9

Others(<1%):Aliskiren, Bisoprolol, Bumetanide, Clopamide, Benazepril, Delapril, Hydralazine, Nebivolol,

Sotalol, Verapamil, Manidipine, Diltiazem, Felodipine, Fosinopril, Ibesartan, Isradipine, Lacidipine,

Lercanidipine, Doxazosin, Methyldopa, Moxonidine, Nadolol, Nitrendipine, Perindopril, Pindolol, Piretanide,

Reserpine, Rilmenidine, Triamterene.

doi:10.1371/journal.pone.0127382.t005

The prevalence of HBP found among participants in ELSA-Brasil is greater than the 28.7%
reported in a meta-analysis based on 10 Brazilian cross-sectional studies[8], because, on aver-

age, the populations evaluated in this meta-analysis are younger. Just as in ELSA-Brasil, in the
investigations in this meta-analysis, blood pressure was measured rather than using the self-

reported diagnosis.

The estimate given here is also comparable with those found in the United States in 2011
12 (29.1%), England in 2006 (29%) and China in 2011-12 (40%)[34-36]. Self-reported diagno-

sis of high blood pressure estimated for the population of Brazil’s state capitals (22.7%) is
smaller than the 35.8% found in ELSA, possibly because it includes individuals 18 or more

years old[11].

In this study population, 80.2% of participants classified as having high blood pressure were
aware of their condition, which is similar to levels in Canada (82.6%) and the United States
(74%) in comparable populations [37,38], in spite of the existing differences in health systems,
conceptualized in this study as mediators between distal social determinants and blood pres-
sure awareness and control. Consistent with the available literature, awareness of high blood
pressure, use of drugs and control of BP were greater among women than men. That result is
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found in countries as different, socially and culturally, as India, United States, China, South
Africa and Cuba [34,39-43]. More frequent use of medical care and health services by women
seems to be one of the reasons for that result, reflecting different ways that men and women
express disease[44]. Although high levels of awareness are as desirable among men as among
women, this ‘advantage’ of women’s has significant impact on overall cardiovascular health,
because high blood pressure, diabetes and their combinations have greater impact on cardio-
vascular risk among women than among men, especially after menopause[45,46].

Importantly, although awareness of a diagnosis of high blood pressure is a key factor in con-
trolling the condition, it is not enough to assure adherence to treatment nor to change behav-
iour, especially because high blood pressure is generally asymptomatic. Confidence in the
health system[47], routine visits to the same service or doctor[48] and the number of visits[49]
have been cited as factors that can influence control of high blood pressure. In Brazil, although
many of the drugs used are distributed free of charge by the national health system (e.g., all the
diuretics most used by the ELSA population, except amiloride), these drugs are not always
available. When they have to be paid for, their prices are a considerable constraint on treatment
adherence.

Anti-hypertensive drugs were widely used, at levels similar to those reported for the popula-
tions of the United States (75.7%) and Canada (79.0%)[34]. The anti-hypertensive drugs most
used were thiazide diuretics, which agrees with the recommendation to prefer this drug class
by Brazilian and international guidelines current at the time of the study[1,2]. In Brazil, as in
other countries, hydrochlorothiazide forms part of most combination antihypertensive pills
containing a diuretic. However, there is evidence to suggest chlorthalidone is a much more
effective diuretic[50]. Almost all the drugs in use (98%) belong to the five preferred classes
(diuretics, ACI inhibitors, beta blockers, angiotensin II antagonists, calcium-channel blockers)
[2]. Also noteworthy is that almost 60% of participants used two or more drugs, corroborating
evidence that prescribing of multiple drugs is most common for controlling high blood pres-
sure[2].

Controlled blood pressure in about 50% of hypertensives is in line with the literature[37].
Less frequent, however, is the high proportion (about 70%) of our study participants who were
in treatment with drugs and whose blood pressure was controlled[38]. In a meta-analysis based
on Brazilian cross-sectional studies (10 studies)[8], the percentage of control estimated for Bra-
zil in the 2000s was 24.1%, which is comparable with other countries[49,51]. The difference
between control in the ELSA population and in other population groups in Brazil can be
explained by the high level of education in our study population. Travassos et al. found that
health service use in Brazil can largely be explained in terms of education, income and occupa-
tion[44]. As the ELSA population comprises individuals in employment and with high levels of
education, socioeconomic position is an important factor conditioning high levels of aware-
ness, treatment and control. In addition, non-drug measures to reduce body weight, particu-
larly leisure-time physical activities, can mediate relations between socioeconomic position and
blood pressure control, which would contribute to explaining these good results. Note, how-
ever, that prevalence of obesity is really high in ELSA-Brasil, while prevalence of physical activ-
ity regarded as sufficient for disease prevention purposes is low[52], suggesting that proper use
of drugs may be the most important factor explaining the blood pressure control rates
observed.

Despite the socioeconomic position characteristics of the ELSA population and the nar-
rower range of socioeconomic variation than for the overall population of Brazil, unequal prev-
alence of controlled blood pressure among users of anti-hypertensives are expressed strongly
and clearly. As in other studies[41,53,54], participants with less education and, independently,
Blacks and Browns show lower frequencies of HBP control[37].
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The lower percentage of control among participants with undergraduate, as compared with
postgraduate, university education is particularly striking. Given that these two groups have
both studied at university level, it is improbable that differences in information as to the impor-
tance of control, nor health service use, contributed to that result. However, it is conceivable
that greater autonomy and acquisition of new skills (control over work processes), which are
identified as protective against men’s developing high blood pressure[55], may partly explain
these results. In addition, it can be speculated that this advantageous situation originating in
the work environment, coupled with greater social prestige, may be reflected in the way the
individual deals with health-related factors overall.

The association between lower socioeconomic position and greater prevalence of HBP is
reported in other countries[19,39,53][53], as is the association with lower frequency of aware-
ness, treatment and control[56,57]. Lack of material resources is the source of a vicious circle
comprising disadvantages that start during intrauterine life and continue later through less
access to healthy foods, less time to engage in, and less access to settings that encourage, physi-
cal activity (a habit that is important to preventing or controlling HBP)[58], and less frequent
use of health services[44].

In the United States, the excess of high blood pressure shown by Afro-Americans as com-
pared with Whites has been one of the main characteristics of health inequalities[37,53].
Explanatory mechanisms have been polarised between social and genetic factors and it is only
recently that racial inequality in the occurrence of cardiovascular diseases has been addressed
in epigenetic terms. On that approach, observed biological variations should not be confused
with genetic explanations, which are inappropriate. Kuzawa&Sweet[59] write: "A genetic inter-
pretation of the residual race effect problematically conflates observed biological variation with
inferred genetic contributions, and ignores evidence that social factors can have durable life-
course and transgenerational effects on health. Whereas group membership and continental
race are poor predictors of genetic variation, these same categories are directly related to the
social and structural manifestations of inequality that impact the development of responsive
biological systems".

In addition to showing higher prevalence of HBP, Afro-Americans displayed lower blood
pressure control rates, even comparing only those who use anti-hypertensive drugs[37,54].
Socioeconomic position, drug type and cardiovascular comorbidities have been proposed as
possible explanations[54]. Racial discrimination has also been investigated as a contributing
factor in chronic stress and greater prevalence of HBP[60], especially among Afro-Americans
[61].

In Brazil, empirical studies of racial inequalities in the occurrence and control of HBP are
scarce, but suggest greater prevalence among Blacks [62-64] and among Blacks who report
having suffered discrimination[65].

In ELSA, Black participants represented 25% of the group with up to secondary education
and only 6% of those with postgraduate education. In addition, they reported discrimination
more often than participants self-reported as in other racial categories (results not presented).
It can be imagined that racism and socioeconomic disadvantage act simultaneously to increase
the risk of high blood pressure and decrease the opportunities to control it.

This study presents results based on standardised blood pressure measurements and
detailed data on anti-hypertensive drug use among 15103 participants of the ELSA-Brasil
cohort. As that study was conducted in six of Brazil’s state capitals, these results offer limited
scope for generalisation to Brazil’s overall adult population. Although relating to a specific pop-
ulation, the ELSA-Brasil results may indicate the situation of the portion of Brazil’s population
comprising residents of large urban centres who are in employment. For example, lower fre-
quencies of HBP awareness and control among men—a finding encountered universally in the
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available literature—constitute one important bottleneck for prevention and control of HBP in
Brazil and other countries. Improved understanding of the different social roles, opportunities
and constraints experienced in different manners by men and women can inform public health
policies more effectively[66] and contribute to improving men’s health and life expectancy.
Besides gender, other fronts on which to extend prevention and control of HBP in Brazil
include reducing social inequalities in access to information, use of quality health services and
access to public spaces and conditions that facilitate healthy lifestyle habits. Reverse causality,
although always possible in cross-sectional analyses, is improbable in interpreting these associ-
ations between indicators of social position and control of HBP, because they involve a popula-
tion of 35 to 74 years old with stable employment, admission to which was unrelated to blood
pressure levels.

To conclude, higher levels of HBP awareness and control is an essential precondition to
reducing the impact of diseases, complications and deaths from cardiovascular diseases and
diabetes in Brazil, which is going through a period of rather peculiar social and demographic
transitions. The results of this study and future analyses of the ELSA population, which-unlike
other cohorts comprising exclusively individuals with high blood pressure-is made up of work-
ers[67], can yield important contributions to improving understanding of the factors that act
to increase the prevalence of high blood pressure and hinder its control. Explanations that
extend beyond the health care system can contribute to the development of strategies better tai-
lored to the population and its various constituent groups.

Supporting Information

S$1 File. Mean and standard deviation of systolic blood pressure and diastolic blood pres-
sure: according to age groups and sex.
(DOCX)

Author Contributions

Conceived and designed the experiments: DC MSC EMA MIS BBD SMB VMAP IMB PAL
JGM. Performed the experiments: DC MSC EMA MIS BBD SMB VMAP IMB PAL JGM RHG
MDCM SMM. Analyzed the data: DC MSC AAN. Wrote the paper: DC ALPR JGM PAL MSC.

References

1. LimSS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assess-
ment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,
1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012; 380:
2224-2260. doi: 10.1016/S0140-6736(12)61766-8 PMID: 23245609

2. World Health Organization. World health statistics 2012. Geneva: World Health Organization; 2012.

Lawes CM, Vander HS, Rodgers A. Global burden of blood-pressure-related disease, 2001. Lancet.
2008; 371: 1513-1518. doi: 10.1016/S0140-6736(08)60655-8 PMID: 18456100

4. Ibrahim MM, Damasceno A. Hypertension in developing countries. Lancet. 2012; 380: 611-619. doi:
10.1016/S0140-6736(12)60861-7 PMID: 22883510

5. PaimJ, Travassos C, Almeida C, Bahia L, Macinko J. The Brazilian health system: history, advances,
and challenges. Lancet. 2011; 377: 1778—1797. doi: 10.1016/S0140-6736(11)60054-8 PMID:
21561655

6. Schmidt MI, Duncan BB, Azevedo e Silva, Menezes AM, Monteiro CA, Barreto SM, et al. Chronic non-
communicable diseases in Brazil: burden and current challenges. Lancet. 2011; 377: 1949-1961. doi:
10.1016/S0140-6736(11)60135-9 PMID: 21561658

7. Brazil Health Ministry. Information in Health—Vital Statistics [Internet]. 2013. Available: www.datasus.
gov.br

PLOS ONE | DOI:10.1371/journal.pone.0127382 June 23,2015 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0127382.s001
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
http://dx.doi.org/10.1016/S0140-6736(08)60655-8
http://www.ncbi.nlm.nih.gov/pubmed/18456100
http://dx.doi.org/10.1016/S0140-6736(12)60861-7
http://www.ncbi.nlm.nih.gov/pubmed/22883510
http://dx.doi.org/10.1016/S0140-6736(11)60054-8
http://www.ncbi.nlm.nih.gov/pubmed/21561655
http://dx.doi.org/10.1016/S0140-6736(11)60135-9
http://www.ncbi.nlm.nih.gov/pubmed/21561658
http://www.datasus.gov.br
http://www.datasus.gov.br

@’PLOS ‘ ONE

Hypertension Control in the Elsa-Brasil Study

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Picon RV, Fuchs FD, Moreira LB, Riegel G, Fuchs SC. Trends in Prevalence of Hypertension in Brazil:
A Systematic Review with Meta-Analysis. Baradaran HR, editor. PLoS ONE. 2012; 7. doi: 10.1371/
journal.pone.0048255

Moreira GC, Cipullo JP, Martin JFV, Ciorlia LAS, Godoy MRP, Cesarino CB, et al. Evaluation of the
awareness, control and cost-effectiveness of hypertension treatment in a Brazilian city: populational
study. J Hypertens. 2009; 27: 1900-1907. doi: 10.1097/HJH.0b013e32832dd10f PMID: 19587607

Yunis C, Krob HA. Status of health and prevalence of hypertension in Brazil. EthnDis. 1998; 8: 406—
412. PMID: 9926912

Brazil Health Ministry. Vigitel Brasil 2011: Vigilancia de Fatores de Risco e Protegéo para Doengas Cr6-
nicas por Inquérito Telefénico. Brasilia: Ministério da Safde; 2012.

Instituto Brasileiro de Geografia e Estatistica. Pesquisa nacional por amostra de domicilios (PNAD
2008), um panorama da Saude no Brasil: acesso e utilizagado dos servigos, condi¢cdes de saude e
fatores de risco e protegédo . .. saude. Rio de Janeiro: Instituto Brasileiro de Geografia e Estatistica;
2010.

Nogueira D, Faerstein E, Coeli CM, Chor D, Lopes CS, Werneck GL. Awareness, treatment, and con-
trol of arterial hypertension: Pro-Saude study, Brazil. Rev PanamSaludPublica. 2010; 27: 103—-109.

Pereira MR, Coutinho MS, Freitas PF, D’Orsi E, Bernardi A, Hass R. Prevalence, awareness, treat-
ment, and control of hypertension in the adult urban population of Tubarao, Santa Catarina, Brazil,
2003. CadSaudePublica. 2007; 23: 2363-2374.

Gus |, Harzheim E, Zaslavsky C, Medina C, Gus M. Prevalence, awareness, and control of systemic
arterial hypertension in the state of Rio Grande do Sul. ArgBrasCardiol. 2004; 83: 429-433.

Firmo JO, Uchoa E, Lima-Costa MF. The Bambui Health and Aging Study (BHAS): factors associated
with awareness of hypertension among older adults. CadSaude Publica. 2004; 20: 512-521. PMID:
15073631

Ikeda N, Sapienza D, Guerrero R, Aekplakorn W, Naghavi M, Mokdad AH, et al. Control of hyperten-
sion with medication: a comparative analysis of national surveys in 20 countries. BullWorld Health
Organ. 2014; 92: 10-19C. doi: 10.2471/BLT.13.121954

Moy E, Bartman BA, Weir MR. Access to hypertensive care. Effects of income, insurance, and source
of care. Arch Intern Med. 1995; 155: 1497—1502. PMID: 7605151

De Gaudemaris R, Lang T, Chatellier G, Larabi L, Lauwers-Cances V, Maitre A, et al. Socioeconomic
inequalities in hypertension prevalence and care: The IHPAF study. Hypertension. 2002; 39: 1119—
1125. PMID: 12052852

Rose GA. The strategy of preventive medicine. Oxford [England]; New York: Oxford University Press;
1992.

Williams DR, Mohammed SA, Leavell J, Collins C. Race, socioeconomic status, and health: complexi-
ties, ongoing challenges, and research opportunities. Ann N'Y Acad Sci. 2010; 1186: 69—101. doi: 10.
1111/j.1749-6632.2009.05339.x PMID: 20201869

Adler N, Bush NR, Pantell MS. Rigor, vigor, and the study of health disparities. Proc Natl Acad Sci.
2012;109: 17154—17159. doi: 10.1073/pnas.1121399109 PMID: 23045672

Aquino EM, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan BB, et al. Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil): objectives and design. AmJEpidemiol. 2012; 175: 315-324. doi:
10.1093/aje/kwr294 PMID: 22234482

Mill JG, Pinto K, Griep RH, Goulart A, Foppa M, Lotufo PA, et al. Afericoes e exames clinicos realizados
nos participantes do ELSA-Brasil. Rev SaudePublica. 2013; 47: 54—62. doi: 10.1590/S0034-8910.
2013047003851

O’Brien, Mee, Atkins, Thomas. Evaluation of three devices for self-measurement of blood pressure
according to the revised British Hypertension Society Protocol: the Omron HEM-705CP, Philips
HP5332, and Nissei DS-175. Blood Press Monit. 1996; 1: 55-61. PMID: 10226203

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL Jr, et al. The Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pres-
sure: the JNC 7 report. JAMA J Am Med Assoc. 2003; 289: 2560—-2572. doi: 10.1001/jama.289.19.
2560

Bensenor IM, Griep RH, Pinto KA, Faria CP de, Felisbino-Mendes M, Caetano El, et al. Rotinas de
organizacao de exames e entrevistas no centro de investigacao ELSA-Brasil. Rev Saude Publica.
2013; 47: 37—47. doi: 10.1590/S0034-8910.2013047003780

Schmidt MI, Griep RH, Passos VM, Luft VC, Goulart AC, Menezes GM de S, et al. Estrategias e desen-
volvimento de garantia e controle de qualidade no ELSA-Brasil. Rev Saude Publica. 2013; 47: 105—
112. doi: 10.1590/S0034-8910.2013047003889

PLOS ONE | DOI:10.1371/journal.pone.0127382 June 23,2015 12/14


http://dx.doi.org/10.1371/journal.pone.0048255
http://dx.doi.org/10.1371/journal.pone.0048255
http://dx.doi.org/10.1097/HJH.0b013e32832dd10f
http://www.ncbi.nlm.nih.gov/pubmed/19587607
http://www.ncbi.nlm.nih.gov/pubmed/9926912
http://www.ncbi.nlm.nih.gov/pubmed/15073631
http://dx.doi.org/10.2471/BLT.13.121954
http://www.ncbi.nlm.nih.gov/pubmed/7605151
http://www.ncbi.nlm.nih.gov/pubmed/12052852
http://dx.doi.org/10.1111/j.1749-6632.2009.05339.x
http://dx.doi.org/10.1111/j.1749-6632.2009.05339.x
http://www.ncbi.nlm.nih.gov/pubmed/20201869
http://dx.doi.org/10.1073/pnas.1121399109
http://www.ncbi.nlm.nih.gov/pubmed/23045672
http://dx.doi.org/10.1093/aje/kwr294
http://www.ncbi.nlm.nih.gov/pubmed/22234482
http://dx.doi.org/10.1590/S0034-8910.2013047003851
http://dx.doi.org/10.1590/S0034-8910.2013047003851
http://www.ncbi.nlm.nih.gov/pubmed/10226203
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1590/S0034-8910.2013047003780
http://dx.doi.org/10.1590/S0034-8910.2013047003889

@’PLOS ‘ ONE

Hypertension Control in the Elsa-Brasil Study

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Chor D, Alves MG de M, Giatti L, Cade NV, Nunes MA, Molina M del CB, et al. Questionario do ELSA-
Brasil: desafios na elaboracao de instrumento multidimensional. Rev SaudePublica. 2013; 47: 27-36.
doi: 10.1590/S0034-8910.2013047003835

Wilcosky TC, Chambless LE. A comparison of direct adjustment and regression adjustment of epidemi-
ologic measures. J Chronic Dis. 1985; 38: 849-856. PMID: 4044770

Flanders WD, Rhodes PH. Large sample confidence intervals for regression standardized risks, risk
ratios, and risk differences. J Chronic Dis. 1987; 40: 697—704. PMID: 3597672

Bastos L, Oliveira R, Velasque L. Obtaining adjusted prevalence ratios from logistic regression model
in cross-sectional studies. Cad SaudePublica. 2015;

Team RC. R: A Language and Environment for Statistical Computing [Internet]. Vienna, Austria: R
Foundation for Statistical Computing; 2013. Available: http://www.R-project.org/

Nwankwo T, Yoon SS, Burt V, Gu Q. Hypertension among adults in the United States: National Health
and Nutrition Examination Survey, 2011-2012. NCHS Data Brief. 2013; 1-8.

Falaschetti E, Chaudhury M, Mindell J, Poulter N. Continued improvement in hypertension manage-
ment in England: results from the Health Survey for England 2006. Hypertension. 2009; 53: 480-486.
doi: 10.1161/HYPERTENSIONAHA.108.125617 PMID: 19204180

Feng XL, Pang M, Beard J. Health system strengthening and hypertension awareness, treatment and
control: data from the China Health and Retirement Longitudinal Study. Bull World Health Organ. 2014;
92:29-41. doi: 10.2471/BLT.13.124495 PMID: 24391298

Guo F, He D, Zhang W, Walton RG. Trends in prevalence, awareness, management, and control of
hypertension among United States adults, 1999 to 2010. J Am CollCardiol. 2012; 60. doi: 10.1016/j.
jacc.2012.04.026

McAlister FA, Wilkins K, Joffres M, Leenen FHH, Fodor G, Gee M, et al. Changes in the rates of aware-
ness, treatment and control of hypertension in Canada over the past two decades. CMAJ Can Med
Assoc J JAssocMedicale Can. 2011; 183: 1007—1013. doi: 10.1503/cmaj. 101767

Basu S, Millett C. Social epidemiology of hypertension in middle-income countries: determinants of
prevalence, diagnosis, treatment, and control in the WHO SAGE study. Hypertension. 2013; 62: 18-26.
doi: 10.1161/HYPERTENSIONAHA.113.01374 PMID: 23670299

Muntner P, Gu D, Wu X, Duan X, Wenqi G, Whelton PK, et al. Factors Associated with Hypertension
Awareness, Treatment, and Control in a Representative Sample of the Chinese Population. Hyperten-
sion. 2004; 43: 578-585. PMID: 14744929

Wyatt SB, Akylbekova EL, Wofford MR, Coady SA, Walker ER, Andrew ME, et al. Prevalence, aware-
ness, treatment, and control of hypertension in the Jackson Heart Study. Hypertension. 2008; 51: 650—
656. doi: 10.1161/HYPERTENSIONAHA.107.100081 PMID: 18268140

Orduiez P, Kaufman JS, Benet M, Morejon A, Silva LC, Shoham DA, et al. Blacks and Whites in the
Cuba have equal prevalence of hypertension: confirmation from a new population survey. BMC Public
Health. 2013; 13. doi: 10.1186/1471-2458-13-169

Lloyd-Sherlock P, Beard J, Minicuci N, Ebrahim S, Chatterji S. Hypertension among older adults in low-
and middle-income countries: prevalence, awareness and control. Int J Epidemiol. 2014; 43: 116-128.
doi: 10.1093/ije/dyt215 PMID: 24505082

Travassos C, Viacava F, Pinheiro R, Brito A. Utilizag&o dos servigos de saude no Brasil: género, carac-
teristicas familiares e condigado social. Rev Panam Salud Publica. 2002; 11: 365-373. doi: 10.1590/
S$1020-49892002000500011

Vitale C, Miceli M, Rosano GMC. Gender-specific characteristics of atherosclerosis in menopausal
women: risk factors, clinical course and strategies for prevention. Climacteric J Int Menopause Soc.
2007; 10Suppl 2: 16-20. doi: 10.1080/13697130701602712

Hu G, Qiao Q, Tuomilehto J, Eliasson M, Feskens EJM, Py6rala K, et al. Plasma insulin and cardiovas-
cular mortality in non-diabetic European men and women: a meta-analysis of data from eleven prospec-
tive studies. Diabetologia. 2004; 47: 1245-1256. doi: 10.1007/s00125-004-1433-4 PMID: 15241592

Elder K, Ramamonjiarivelo Z, Wiltshire J, Piper C, Horn WS, Gilbert KL, et al. Trust, medication adher-
ence, and hypertension control in Southern African American men. Am J Public Health. 2012; 102:
2242-2245. doi: 10.2105/AJPH.2012.300777 PMID: 22698017

Maimaris W, Paty J, Perel P, Legido-Quigley H, Balabanova D, Nieuwlaat R, et al. The influence of
health systems on hypertension awareness, treatment, and control: a systematic literature review.
PLoS Med. 2013; 10. doi: 10.1371/journal.pmed.1001490

Carrington MJ, Jennings GL, Stewart S. Pressure points in primary care: blood pressure and manage-
ment of hypertension in 532 050 patients from 2005 to 2010. J Hypertens. 2013; 31: 1265-1271. doi:
10.1097/HJH.0b013e3283606bc7 PMID: 23552128

PLOS ONE | DOI:10.1371/journal.pone.0127382 June 23,2015 13/14


http://dx.doi.org/10.1590/S0034-8910.2013047003835
http://www.ncbi.nlm.nih.gov/pubmed/4044770
http://www.ncbi.nlm.nih.gov/pubmed/3597672
http://www.R-project.org/
http://dx.doi.org/10.1161/HYPERTENSIONAHA.108.125617
http://www.ncbi.nlm.nih.gov/pubmed/19204180
http://dx.doi.org/10.2471/BLT.13.124495
http://www.ncbi.nlm.nih.gov/pubmed/24391298
http://dx.doi.org/10.1016/j.jacc.2012.04.026
http://dx.doi.org/10.1016/j.jacc.2012.04.026
http://dx.doi.org/10.1503/cmaj.101767
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.01374
http://www.ncbi.nlm.nih.gov/pubmed/23670299
http://www.ncbi.nlm.nih.gov/pubmed/14744929
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.100081
http://www.ncbi.nlm.nih.gov/pubmed/18268140
http://dx.doi.org/10.1186/1471-2458-13-169
http://dx.doi.org/10.1093/ije/dyt215
http://www.ncbi.nlm.nih.gov/pubmed/24505082
http://dx.doi.org/10.1590/S1020-49892002000500011
http://dx.doi.org/10.1590/S1020-49892002000500011
http://dx.doi.org/10.1080/13697130701602712
http://dx.doi.org/10.1007/s00125-004-1433-4
http://www.ncbi.nlm.nih.gov/pubmed/15241592
http://dx.doi.org/10.2105/AJPH.2012.300777
http://www.ncbi.nlm.nih.gov/pubmed/22698017
http://dx.doi.org/10.1371/journal.pmed.1001490
http://dx.doi.org/10.1097/HJH.0b013e3283606bc7
http://www.ncbi.nlm.nih.gov/pubmed/23552128

@’PLOS ‘ ONE

Hypertension Control in the Elsa-Brasil Study

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Ernst ME, Carter BL, Goerdt CJ, Steffensmeier JJG, Phillips BB, Zimmerman MB, et al. Comparative
antihypertensive effects of hydrochlorothiazide and chlorthalidone on ambulatory and office blood pres-
sure. Hypertension. 2006; 47: 352—-358. doi: 10.1161/01.HYP.0000203309.07140.d3 PMID: 16432050

Fasce E, Campos |, Ibafiez P, Flores M, Zarate H, Roman O, et al. Trends in prevalence, awareness,
treatment and control of hypertension in urban communities in Chile. J Hypertens. 2007; 25: 1807—
1811. PMID: 17762644

Schmidt MI, Duncan BB, Mill JG, Lotufo PA, Chor D, Barreto SM, et al. Cohort Profile: Longitudinal
Study of Adult Health (ELSA-Brasil). Int J Epidemiol. 2014; doi: 10.1093/ije/dyu027

Ong KL, Cheung BMY, Man YB, Lau CP, Lam KSL. Prevalence, awareness, treatment, and control of
hypertension among United States adults 1999-2004. Hypertension. 2007; 49: 69-75. doi: 10.1161/
01.HYP.0000252676.46043.18 PMID: 17159087

Umscheid CA, Gross R, Weiner MG, Hollenbeak CS, Tang SSK, Turner BJ. Racial disparities in hyper-
tension control, but not treatment intensification. Am J Hypertens. 2010; 23: 54—61. doi: 10.1038/ajh.
2009.201 PMID: 19893494

Smith PM, Mustard CA, Lu H, Glazier RH. Comparing the risk associated with psychosocial work condi-
tions and health behaviours on incident hypertension over a nine-year period in Ontario, Canada. Can
J Public Health. 2013; 104. Available: hitp:/go.galegroup.com.ez68.periodicos.capes.gov.br/ps/i.do?
id=GALE%7CA339015437&v=2.1&u = capes58&it = ~& p=AONE&sw = w&asid =
bb4404d887a6c2ae4359a2c388c44265

Mozumdar A, Liguori G. Statewide awareness study on personal risks of cardiovascular disease in
women: a go red North Dakota study. Womens Health Lond Engl. 2010; 6: 37-50. doi: 10.2217/whe.
09.78 PMID: 20088728

Mosca L, Mochari H, Christian A, Berra K, Taubert K, Mills T, et al. National study of women’s aware-
ness, preventive action, and barriers to cardiovascular health. Circulation. 2006; 113: 525-534. doi: 10.
1161/CIRCULATIONAHA.105.588103 PMID: 16449732

Carroll-Scott A, Gilstad-Hayden K, Rosenthal L, Peters SM, McCaslin C, Joyce R, et al. Disentangling
neighborhood contextual associations with child body mass index, diet, and physical activity: the role of
built, socioeconomic, and social environments. SocSci Med 1982. 2013; 95: 106—114. doi: 10.1016/j.
socscimed.2013.04.003

Kuzawa CW, Sweet E. Epigenetics and the embodiment of race: Developmental origins of US racial
disparities in cardiovascular health. Am J Hum Biol. 2009; 21: 2—15. doi: 10.1002/ajhb.20822 PMID:
18925573

Dolezsar CM, McGrath JJ, Herzig AJM, Miller SB. Perceived racial discrimination and hypertension: A
comprehensive systematic review. Health Psychol Off J Div Health Psychol Am Psychol Assoc. 2014;
33. doi: 10.1037/20033718

Sims M, Diez-Roux AV, Dudley A, Gebreab S, Wyatt SB, Bruce MA, et al. Perceived discrimination and
hypertension among African Americans in the Jackson Heart Study. Am J Public Health. 2012; 102
Suppl 2: S258-265. doi: 10.2105/AJPH.2011.300523 PMID: 22401510

Sichieri R, Oliveira MC, Pereira RA. High prevalence of hypertension among Black and Mulatto women
in a Brazilian survey. Ethn Dis. 2001; 11: 412—-418. PMID: 11572407

Lotufo PA, Bensenor IJM. Raca e mortalidade cerebrovascular no Brasil. Rev Saude Publica. 2013;
47:1201-1204. doi: 10.1590/S0034-8910.2013047004890

Chor D, Lima CR de A. Aspectos epidemioldgicos das desigualdades raciais em saude no Brasil. Cad
SaudePublica. 2005; 21: 1586—-1594.

Faerstein E, Chor D, Werneck GL, Lopes C de S, Kaplan G. Race and perceived racism, education,
and hypertension among Brazilian civil servants: the Pré-Salde Study. Rev Bras Epidemiol. 2014; 17:
81-87. doi: 10.1590/1809-4503201400060007 PMID: 25409639

Phillips SP. Including gender in public health research. Public Health Rep Wash DC 1974. 2011;
126Suppl 3: 16—21. PMID: 21836732

Mancia G. Blood pressure control in the hypertensive population. Is the trend favourable? J Hypertens.
2013; 31: 1094-1095. doi: 10.1097/HJH.0b013e32836184cf PMID: 23636017

PLOS ONE | DOI:10.1371/journal.pone.0127382 June 23,2015 14/14


http://dx.doi.org/10.1161/01.HYP.0000203309.07140.d3
http://www.ncbi.nlm.nih.gov/pubmed/16432050
http://www.ncbi.nlm.nih.gov/pubmed/17762644
http://dx.doi.org/10.1093/ije/dyu027
http://dx.doi.org/10.1161/01.HYP.0000252676.46043.18
http://dx.doi.org/10.1161/01.HYP.0000252676.46043.18
http://www.ncbi.nlm.nih.gov/pubmed/17159087
http://dx.doi.org/10.1038/ajh.2009.201
http://dx.doi.org/10.1038/ajh.2009.201
http://www.ncbi.nlm.nih.gov/pubmed/19893494
http://go.galegroup.com.ez68.periodicos.capes.gov.br/ps/i.do?id=GALE%7CA339015437&amp;v=2.1&amp;u�=�capes58&amp;it�=�r&amp;p=AONE&amp;sw�=�w&amp;asid�=�bb4404d887a6c2ae4359a2c388c44265
http://go.galegroup.com.ez68.periodicos.capes.gov.br/ps/i.do?id=GALE%7CA339015437&amp;v=2.1&amp;u�=�capes58&amp;it�=�r&amp;p=AONE&amp;sw�=�w&amp;asid�=�bb4404d887a6c2ae4359a2c388c44265
http://go.galegroup.com.ez68.periodicos.capes.gov.br/ps/i.do?id=GALE%7CA339015437&amp;v=2.1&amp;u�=�capes58&amp;it�=�r&amp;p=AONE&amp;sw�=�w&amp;asid�=�bb4404d887a6c2ae4359a2c388c44265
http://dx.doi.org/10.2217/whe.09.78
http://dx.doi.org/10.2217/whe.09.78
http://www.ncbi.nlm.nih.gov/pubmed/20088728
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.588103
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.588103
http://www.ncbi.nlm.nih.gov/pubmed/16449732
http://dx.doi.org/10.1016/j.socscimed.2013.04.003
http://dx.doi.org/10.1016/j.socscimed.2013.04.003
http://dx.doi.org/10.1002/ajhb.20822
http://www.ncbi.nlm.nih.gov/pubmed/18925573
http://dx.doi.org/10.1037/a0033718
http://dx.doi.org/10.2105/AJPH.2011.300523
http://www.ncbi.nlm.nih.gov/pubmed/22401510
http://www.ncbi.nlm.nih.gov/pubmed/11572407
http://dx.doi.org/10.1590/S0034-8910.2013047004890
http://dx.doi.org/10.1590/1809-4503201400060007
http://www.ncbi.nlm.nih.gov/pubmed/25409639
http://www.ncbi.nlm.nih.gov/pubmed/21836732
http://dx.doi.org/10.1097/HJH.0b013e32836184cf
http://www.ncbi.nlm.nih.gov/pubmed/23636017

