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Abstract

Hypertension is the leading cause of overall mortality in low- and middle-income

countries. In Brazil, there is paucity of data on the determinants of incident hyperten-

sion and related risk factors. We aimed to determine the incidence of hypertension

in a sample from the Brazilian population and investigate possible relationships with

body adiposity indexes. We assessed risk factors associated with cardiovascular

disease, including adiposity body indexes and biochemical analysis, in a sample from

the Baependi Heart Study before and after a 10-year follow-up. Hypertension was

defined by the presence of systolic blood pressure (SBP) ≥140 mmHg and/or diastolic

blood pressure≥90mmHgor the use of antihypertensive drugs. From an initial sample

of 1693 participants, 498 (56% women; mean age 38 ± 13 years) were eligible to be

included. The overall hypertension incidence was 24.3% (22.3% in men and 25.6%
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in women). Persons who developed hypertension had higher prevalence of obesity,

higher levels for blood pressure, higher frequency of dyslipidemia, and higher body

adiposity indexes at baseline. The best prediction model for incident hypertension

includes age, sex, HDL-c, SBP, and Body Mass Index (BMI) [AUC = 0.823, OR = 1.58

(95% CI 1.23-2.04)]. BMI was superior in its predictive capacity when compared to

Body Adiposity Index (BAI), Body Roundness Index (BRI), and Visceral Adiposity Index

(VAI). Incident hypertension in a sample from the Brazilian population was 24.3%

after 10-year follow-up and BMI, albeit the simpler index to be calculated, is the best

anthropometric index to predict incident hypertension.

KEYWORDS

blood pressure, bodymass index, epidemiology, follow-up studies, humans, hypertension, logistic
models, risk factors

1 INTRODUCTION

Hypertension is a known risk factor for overall mortality worldwide

and the leading cause in low- and middle-income countries, such as

Brazil.1 The prevalence of hypertension in the adult Brazilian popula-

tion was previously estimated to be around 30%.2,3

The American Heart Association has long suggested that hyper-

tension should be high in the priority list of modifiable risk factors

for cardiovascular mortality.4 In this scenario, epidemiological stud-

ies investigating the factors associated with the development of car-

diovascular diseases, and hypertension, have aimed at identifying risk

factors that could predict, and eventually prevent, the development of

hypertension.5–11 Among the studies, the FraminghamStudy identified

that hypercholesterolemia, glucose intolerance,5 age, BodyMass Index

(BMI), cigarette consumption, family history, and physical inactivity6 as

risk factors associated to the development of arterial hypertension.7

Body adiposity indexes other than BMI, such as Body Adiposity

Index (BAI), Body Roundness Index (BRI), Visceral Adiposity Index

(VAI), Waist Circumference (WC), Waist-to-Height Ratio (WtHR),

Waist-to-Hip Ratio (WHR), have been related to increase of blood

pressure and prevalence of hypertension.12–14 The rise in blood pres-

sure associated with increased body adiposity indexes is thought to be

related to the accumulation of visceral adipose tissue and adipokine

levels, that cause release of inflammatory cytokines, increased oxida-

tive stress, sympathetic dysregulation, andmetabolic disorders.8,9,15,16

Our group previously demonstrated, in a cross-sectional study

in a sample of Brazilian population, that the indicators of adipos-

ity WC, BMI, BAI, and VAI were higher in hypertensive when com-

pared to nonhypertensive individuals; and BMI, along with WC in

men, were strongly associated to hypertension.17 However, few lon-

gitudinal assessments of chronic diseases are available in Brazil and

there is paucity of data from long-term longitudinal studies to esti-

mate incident hypertension and its associated risk factors. Further-

more, Brazil has specific characteristics, such as being a highly admixed

population, raising the possibility that determinants of hypertension

incidence might be different. Therefore, we aimed to determine the

incidence of hypertension in a Brazilian sample after a 10-year follow-

up and investigate factors able to predict the development of the con-

dition focusing on body adiposity indexes.

2 METHODS

2.1 Study design and participants

The Baependi Heart Study is a longitudinal study designed to investi-

gate factors associatedwith thedevelopmentof cardiovascular disease

in the Brazilian population. It has been taking place in Baependi (752

km2, 19 148 habitants), a small town in the southeast of Brazil, Minas

Gerais State, since2005. Thepopulation studiedwas composedof both

genders and the ages ranging from 18 to 102 years.

The baseline enrollment occurred between 2005 and 2006 (1712

participants)18 and the 10-year follow-up visitwas conducted between

2015 and 2016 (3423 participants). The eligibility criteria to define

participants were previously described.18 At baseline, participants

who had the diagnosis of hypertensionwere excluded from the current

analysis. Participants who were lost to follow-up were excluded

as well.

The study protocol was approved by the ethics committee of the

Hospital das Clínicas (SDC: 3485/10/074), University of São Paulo,

Brazil, and each person provided informedwritten consent before par-

ticipation.

2.2 Clinical and laboratorial characteristics

2.2.1 Questionnaire

A questionnaire was administered to each participant to obtain

information related to demographic characteristics, medical history,

and environmental exposures. Current smoking status was defined

whether smoking had occurred during the last 6months.
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2.2.2 Blood pressure measurement

Blood pressure was measured using a standard digital sphygmo-

manometer (OMRON,Brazil) on the left arm, after 5 minutes of rest,

in the sitting position. Systolic and diastolic blood pressures were cal-

culated from three readings (mean value of all measurements), with a

minimal interval of 3minutes.

2.2.3 Biochemical analysis

Fasting blood glucose (FBG), total cholesterol, triglycerides (TG),

lipoprotein fractions as high-density lipoprotein (HDL-c), and low-

density lipoprotein (LDL-c) were assayed by standard techniques

applied to12-hour fastingblood samples inboth cycles. TheFriedewald

formula was used to estimate LDL-c.

2.2.4 Anthropometric parameters

Anthropometric parameters were measured according to a standard

protocol.18 Weightwasmeasured on a calibrated digital scale (Filizola),

with a maximum load of 180 kg and accuracy of 100 g. Height was

measured using a wall mounted stadiometer (Sanny), to the nearest

0.5 cm. WC was measured, in centimeters, at the mean point between

the lowest rib margin and the iliac crest with the person standing and

at themaximumpoint of normal expiration.We calculatedBMI as body

weight (kg) divided by height squared (m2).

IncreasedWCwas defined as ≥ 88 cm for women and ≥ 102 cm for

men based on cutoff points advocated by Lean and associates, 199519].

The calculation of the BAI was based on hip circumference and height

(BAI = [hip circumference (cm)/ (height (m) 1.5] – 18)20]. VAI was cal-

culated using the variables WC, BMI, TG and HDL-c according to the

literature21 assuming VAI = 1 in healthy nonobese persons with nor-

mal adipose distribution and normal TG and HDL-c levels. BRI were

calculated using BRI = 364,2 – 365,5 [1 - π –2 WC2 (m) * Height –2

(m)]1/2.22,23 Based on TG and FBG, the TyG index was calculated using

TyG= Ln [(TG (mg/dL) * glucose (mg/dL)/2].24,25

2.2.5 Disease’s diagnosis

Hypertension was defined if the mean systolic blood pressure (SBP) ≥

140mmHg and/ormeans diastolic blood pressure (DBP)≥ 90mmHg26

and/or antihypertensive drug use. Type 2 Diabetes mellitus (T2DM)

was diagnosed by the presence of fasting glucose ≥ 126 mg/dL or

antidiabetic drug use. Overweight diagnosis was defined when BMI ≥

25 kg/m2 and< 30 kg/m2, and obesity when BMI≥ 30 kg/m2.

2.3 Statistics analysis

In both cycles, we accessed clinical characteristics using descriptive

statistics. Categorical variables were expressed as percentages and

continuous variables were expressed as mean ± SD. The normality of

all data was tested with the Kolmogorov–Smirnov test, and character-

istics of participants with hypertension and normotensive were com-

pared using t-test (continuous variables) or chi-squared test (categori-

cal variables).We used amixedmodel logistic regression framework to

study predictors of hypertension. Incident hypertension after 10 years

was used as the outcome, different variables of adiposity and obesity,

plus age and sexwere used as exposures. Sincewehave individuals that

shared the same family environment, we added family assignments

as a random factor in our model. To evaluate the performance mod-

els, Receiver Operational Characteristics (ROC) curves were derived

and the area under the curve (AUC) was used to measure the dis-

criminatory power for hypertension. To understand the best cluster of

covariates that could explain the incidence of hypertension in 10-year

follow-up, we explored some cardiometabolic traits based on the liter-

ature review. Considering some combinations, the best models found

included the following covariates: Age, Sex, and SBP (model 1) andAge,

Sex, SBP, andHDL-c (model 2). Statistical analysis was performed using

R software version 3.4.2, with a significance level set at 5%.

3 RESULTS

For this study, 1693 participants recruited at baseline were followed

and reassessed 10 years later, and 498 participants (mean age 38± 13

years)wereeligible tobe included in the study (Figure1). In this sample,

the incidence of arterial hypertension was 24.3% (22.3% in men and

25.6% in women) after a 10-year follow-up period.

When comparing baseline data from individuals who remained nor-

motensive and individuals that developed hypertension (Table 1), there

was significantly higher prevalence of obesity, increased waist circum-

ference, and dyslipidemia in the latter group (p < .05). Individuals who

developed hypertension also had higher mean values for systolic and

diastolic pressure, triglycerides, and TyG at baseline. Anthropometric

indexes of adiposity were also significantly higher (p < .05) at base-

line in those that developed hypertension (Table 1). Both groups pre-

sented higher means for SBP, DBP, anthropometric indexes of adipos-

ity, in addition to total cholesterol and LDL-c at follow-up compared

to intragroup baseline values. Additionally, all variables that were dif-

ferent between groups at baseline, except WHR, were also different

between groups at follow-up (Table 1).

First, we used a mixed effects logistic regression model in the

overall sample where incident hypertension was the response vari-

able and, sex, age, obesity, and adiposity indexes were covariables

resulting in higher AUC for BMI (AUC = 0.752) compared to BAI

(AUC = 0.730), WC, and VAI (both with AUC = 0.721). Later, we

explored other exploratory covariates in the logistic regression mod-

els. The best-fit model included age, sex, SBP (at baseline), HDL-c, and

BMI (AUC = 0.823), where BMI resulted in an effect size of OR = 1.58

[95% CI 1.23-2.04]. Further, we explored whether other indexes of

body adiposity and obesity could yield better predictive power than

BMI (Table 2), however all tested indexeswere inferior. The second and

third indexes closer to BMI in predictive valuewere BAI (AUC= 0.818)

and BRI (AUC= 0.816).
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Par�cipants assessed at baseline in 2005-2006 (n=1693) 

Eligible par�cipants to be assessed during follow-up in 2015-2016 (n=1687) 

Eligible par�cipants with complete data (n=732) 

Eligible par�cipants with complete data without hypertension at baseline (n=498) 

Par�cipants excluded due to missing data (n=6) 

Lost follow-up or died (n=955) 

Excluded due to diagnosis of hypertension on baseline (n=228) 

F IGURE 1 The flow chart of sample selection from the Baependi Heart Study for assessment of incident hypertension

4 DISCUSSION

This study is the first performedwith a 10-year follow-up to determine

incident hypertension in Brazil. In our sample, of mostly middle-aged

adults, the incidence of hypertension is approximately 24% in 10 years.

Wealso observed that thebest predictionmodel for incident hyperten-

sion includes age, sex, HDL-c, SBP, andBMI and that BMI remains supe-

rior in its predictive ability than other obesity and adiposity indexes.

Hypertension prevalence in the Brazilian population has been

previously assessed in several studies, however data are based on

population-based surveys and sometimes representative of cities or

states.2 The estimated prevalence of hypertension from pooled data

from different cities in Brazil, in the 2000s, corresponded to 28.7%.2

The most recent nationwide study (n = 60.202) using self-reported

data estimated the prevalence of hypertension to be of 21.4% above

18 years old. The prevalence increases with age, reaching 55% above

75 years.3,27 Observational studies showed high incidence of hyper-

tension over periods of 5–10-year follow-up and one of the reasons for

that could be the age increase.5 Indeed, some studies have estimated

the long-term cumulative incidence of developing hypertension to be

unexpectedly high. In theFraminghamHeart Study, approximately 90%

of adults free of hypertension at age 55 or 65 years developed hyper-

tension during their lifetimes.5 In this sample of a Brazilian popula-

tion, incident hypertension was 24.3%, after a 10-year follow-up, simi-

lar to the study performed at Tujia, a city fromChina, where in a 9-year

follow-up, the incidencewas 23.4%,28 and to another studywith a sam-

ple of North Americans—the Dallas Heart Study—where 25% devel-

oped incident hypertension after a follow-up of 7 years.29

As expected, in our study, the participants that developed hyper-

tension showed at baseline increased values for adiposity and obe-

sity indexes, as well as for the means of systolic and diastolic blood

pressure, TG, and TyG. This has also been reported in other popula-

tions such as studies in Thailand30 and China,31,32 and in some loca-

tions in Brazil.33,34 Excessive adiposity, especially abdominal, was pre-

viously associated with incident hypertension12,13,29 collaborating the

present findings. It has been reported that excessive abdominal adi-

posity and obesity leads to hormonal and inflammatory changes that

could lead to alterations in cardiovascular system function and con-

trol, contributing to thedevelopmentof hypertension.9,35,36 Therefore,

excessive adiposity, especially abdominal, and triglycerides levels are

important aspects to consider when planning primary and secondary

prevention of hypertension in the Brazilian population. In fact, those

are concerns for hypertension prevention once data from the Brazilian

Longitudinal Study of Adult Health (ELSA-Brasil) have demonstrated a

prevalence of 63.1% excess weight, 61.5% high cholesterol, and 20.3%

impaired glucose tolerance.11 Furthermore, according to the Brazilian

Health Ministry, obesity incidence had an increase of 72% in a 13-year

period accounting from 2006 to 2019.37

Surprisingly, neither diabetes nor glycemia were important cofac-

tors in predicting incident hypertension in our analysis. Those differ-

ences may be related to the criteria for diagnosis (adoption of glucose

tolerance test, for example), age rangeof thepopulation, and thedesign

of our study that was not intended to analyze the prevalence of dia-

betes. Nevertheless, it points out a particular characteristic of the pop-

ulation sample that deserves further investigation.

Recent systematic reviews investigating the association of hyper-

tension and VAI,14 BRI and ABSI13 BAI,38 or other adiposity indexes

(BMI, WC, WHR, WHtR).12 In a systematic review with meta-analysis,

Calderón–García and associates showed that BRI is a good predic-

tor of hypertension for men and women from different populations.13

Adiposity and anthropometric indexes, in general, are good predic-

tors for hypertension.12–14,38 Deng and associates showed in a sys-

tematic review with 38 studies that BMI, WHR, WHtR, and WC, all

correlate with incident hypertension, and BMI had the highest pre-

diction ability in adjusted models for the Chinese population assessed

in the PURE study. Furthermore, the BMI presented the highest

adjusted AUC compared to the other indexes for the overall popu-

lation, as we also found in our study, although, in the study of Lee

and associates (2018) the WHtR presented the highest Odds Ratio.12

Moliner–Urdiales and associates (2014) have also demonstrated the
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TABLE 1 General characteristics of persons in the general sample at baseline and 10-year follow-up according to hypertension development in
the Baependi Heart Study

Baseline 10-year follow-up

Normotensive

(no.= 377)

Developed

Hypertension

(no.= 121)

Normotensive

(no.= 377)

Developed

Hypertension

(no.= 121)

No. (%) 75.7 24.3 75.7 24.3

Males (%) 40.6 36.4 40.6 36.4

Obesity (%) 4.6 15.7# 12.0 38.0# ‡

IncreasedWC (%) 15.6 30.8# 31.3‡ 57.9# ‡

Dyslipidemia treatment (%) 0.8 6.6# 8.0‡ 24.6# ‡

Diabetes treatment (%) 0.3 1.7 1.9 8.3#

Current smoker (%) 13.8 15.7 12.2 8.3

Age (years) 36± 13 45± 14# 48± 12‡ 55± 13# ‡

SBP (mmHg) 114.7± 10.8 124.5± 8.3# 114.6± 11.8‡ 129.7± 17.4# ‡

DBP (mmHg) 72.7± 7.9 79.1± 6.2# 68.8± 7.9‡ 76.5± 11.3# ‡

Fasting glucose (mg/dL) 87.5± 19.6 91.4± 19.4 87.9± 19.4 92.5± 18.1#

BMI (kg/m2) 22.7± 3.7 25.7± 4.4# 25.1± 4.2‡ 29.0± 5.5# ‡

WC (cm) 82.6± 9.8 88.9± 11.4# 89.2± 10.0‡ 98.0± 12.7# ‡

WHR 0.87± 0.08 0.89± 0.07# 1.14± 4.33 0.95± 0.09‡

WtHR 0.50± 0.06 0.54± 0.07# 0.54± 0.07‡ 0.60± 0.08# ‡

VAI 3.64± 2.32 4.42± 2.23# 5.97± 4.63‡ 7.63± 4.69# ‡

BAI 26.75± 5.49 29.86± 5.98# 28.63± 6.6‡ 32.12± 5.7# ‡

BRI 3.40± 1.21 4.34± 1.56# 4.27± 1.40‡ 5.65± 1.78# ‡

TyG 4.55± 0.26 4.65± 0.25# 4.68± 0.27‡ 4.79± 0.25# ‡

Total cholesterol (mg/dL) 175.7± 44.5 177.5± 41.2 202.2± 42.3‡ 196.8± 37.2‡

Triglycerides (mg/dL) 117.5± 60.9 135.7± 74.37# 153.2± 83.7‡ 176.56± 86.9# ‡

LDL-c (mg/dL) 95.1± 41.3 97.4± 39.13 122.8± 36.0‡ 118.7± 29.1‡

HDL-c (mg/dL) 57.0± 15.4 53.5± 14.6# 47.8± 12.0‡ 42.8± 11.2# ‡

Continuous data are expressed asmean± standard deviation. Categorical data are expressed as percentage.

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WtHR, waist-to-height ratio; VAI, visceral adiposity index; BAI,

body adiposity index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-c, low density lipoprotein; HDL-c, high-density lipoprotein; BRI, Body

roundness index.
#Represents p< .05 comparing normotensive vs patients who developed hypertension at the same time-point (ie, baseline or follow-up).
‡Represents p< .05 for intragroup differences comparing follow-up to baseline values.

TABLE 2 Odds ratio in the binary logistic regression (dependent variable is hypertension)

Model 1 Model 2

(Age, Sex, and SBP) (Age, Sex, SBP, andHDL-c)

Covariates OR (95%CI) AUC p-value OR (95%CI) AUC p-value

Predictors BMI 1.57 (1.23-2.02) 0.819 .00035 1.58 (1.23-2.04) 0.823 .00039

BAI 1.40 (1.03-1.90) 0.811 .03342 1.41 (1.03-1.92) 0.818 .03341

BRI 1.39 (1.08-1.79) 0.810 .01045 1.40 (1.08-1.81) 0.816 .01068

WtHR 1.39 (1.07-1.81) 0.801 .01380 1.39 (1.07-1.82) 0.815 .01487

WC 1.03 (1.00-1.05) 0.807 .02644 1.03 (1.00-1.05) 0.813 .036968

Abbreviations: OR, Odds Ratio; CI, Confidence Interval; AUC, Area Under Curve; SBP, systolic blood pressure; HDL-c, high-density lipoprotein; BMI, body

mass index; BAI, body adiposity index; BRI, Body roundness index;WtHR, waist-to-height ratio;WC, waist circumference.
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capability of BMI, BAI, and WHR to predict incident HA (average

follow-up of 9.1 years), with a high Hazard Ratio presented for those

with BMI ≥ 30 kg/m2 (2.53 for men, 3.62 for women).38 In our study,

BMI was also the variable with the highest capacity to predict incident

hypertension than other indexes that aim to discriminate central adi-

posity (suchasWC,WHR). Thismaybedue topopulational characteris-

tics of the study sample that present amore uniform increase inweight

(probably with associated increase in percent fat mass) rather than a

more centrally distributed adiposity.

Worldwide overweight and obesity are considered a pandemic.9 In

the last years, the elevated BMI have been associated with increased

prevalence of hypertension and other cardiovascular diseases as

shown by our group and by others.17,28,29,39,40 Hypertension seems

to be the most common obesity-related health problem and visceral

obesity seems to be the major associated factor.12–15,29 Shihab and

associates estimate the association of weight and weight change from

young adulthood into middle age and through late life (median follow-

up of 46 years) with risk of developing hypertension.41 Overweight

(BMI 25 to < 30) increased risk for incident hypertension (hazard

ratio:1.49, 95% CI 1.15-1.95) and the effect was even larger in obese

(BMI ≥ 30) patients (hazard ratio= 2.79, 95% CI 1.30-6.00) in a model

adjusted for time-dependent characteristics of the population (number

of cigarettes smoked, cups of coffee taken, alcohol intake, and physical

activity, in addition to parental premature hypertension). Furthermore,

the rate of change in BMI increased the risk of incident hypertension

in a dose-response fashion.41 Lee and associates also demonstrated in

a sample from middle-aged Korean population (aged 40-69 years) a

causal relationship between BMI and hypertension (OR = 1.19, 95%

CI: 1.17-1.21, adjusted for age, sex, geographical area of the popula-

tion, education, smoking, and alcohol consumption).42 Recently, Xu and

associates (2020) assessing amiddle-agedChinese sample followed-up

for a median of 12.5 years, demonstrated that, compared with main-

taining BMI in the normal range, when BMI changed from normal to

overweight there was an increase in the risk for incident hypertension,

both for long- (HR:1.507, 95% CI: 1.286-1.767) and short-term BMI

changes (HR: 1.197, 95% CI: 1.019-1.405). The opposite was true for

patients that turned from overweight to normal BMI. Albeit baseline

adiposity indexes are highly useful to predict incident hypertension in

10 years, BMI remained the best predictors in our models when com-

pared to other tested proxies.43

The strength of our study is that it is the first to follow a Brazil-

ian population for 10 years to determine incident hypertension and

thoroughly assess the risk factors with direct objectivemeasurements.

Nevertheless, there are some limitations such as a population that is

restricted to one area of the country, predominantly rural, making it

difficult to extrapolate data for the entire nation. Additionally, even

though blood pressure measurements were taken in triplicate, there

is a chance of “white-coat hypertension” influencing the data. Despite

the baseline sample being about 1712 individuals, in 10-year follow-

up, the number of participants was reduced to 29% of the initial selec-

tion. Additionally, in the baseline, we excluded individuals with blood

pressure equal or higher 140/90mmHg or under the use ofmedication

for hypertension. Then, we need to highlight that these finds can be

affected by the reduced sample size. Future studies may test the pre-

dictive value of other measurements of body adiposity that may sur-

pass BMI, such as body fat percentage determined by a gold standard

method such as dual-energy X-ray absorptiometry (DEXA). Nonethe-

less, although thismay be ideal in the research settings, itmay not be as

easily as BMI to be applicable in clinical assessments.

In summary, our study demonstrated a 24.3% 10-year incident rate

for hypertension in a sample from the Brazilian population. We also

show baseline adiposity indexes are highly useful to predict who will

develop hypertension in 10 years, and that BMI, albeit the simpler

index to be calculated, is the best anthropometric index to predict inci-

dent hypertension.
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