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Abstract This article aims to evaluate associ-
ations between anthropometric changes in five
years with lipid and blood pressure levels in Bra-
zilian rural population. This longitudinal study
evaluated 387 individuals aged 18 to 75 residents
of two rural communities. Demographic, lifestyle,
anthropometric, biochemical and hemodynamic
characteristics were assessed in 2004 and repeat-
ed in 2009. Multivariate linear regression was
used. Positive change in BMI was associated with
increased diastolic blood pressure (DBP) (f =
0.07; 95%CI: 0.03-0.11), low-density lipoprotein
(LDL-C) (increase of 0.01% to 10%: f = 0.08;
95%CI: 0.02-0.14, more than 10% increase: f
= 0.09; 95%CI: 0.01-0.16) and low density lipo-
protein/high density lipoprotein cholesterol ratio
(LDL-C/HDL-C) (increase of 0.01% to 10%: f§ =
0.15; 95%CI: 0.06-0.25, more than 10% increase:
£ = 0.14; 95%CI: 0.02-0.25). Our results showed
no association between positive changes in WC
and lipid levels increase, only with blood pres-
sure levels increase (SBP: f = 0.06; CI95%:0.02-
0.10; DBP: 8 = 0.09; CI95%: 0.04;0.13). Positive
changes in BMI are independent predictors of
increased lipid and blood pressure levels and pos-
itive changes in WC of increased blood pressure.
Key words Anthropometry, Cardiovascular dis-
eases, Rural population, Body Mass Index, Waist
Circumference

Resumo O objetivo deste artigo foi avaliar as-
sociagdo entre as mudangas antropométricas,
em cinco anos de estudo, com os niveis lipidicos
e presséricos em populagées rurais brasileiras. Es-
tudo longitudinal, que avaliou 387 individuos,
entre 18 e 75 anos, residentes em duas comunida-
des rurais. Caracteristicas demogrdficas, de estilo
de vida, antropométricas, bioquimicas e hemo-
dindmicas foram coletadas em 2004 e repetidas
em 2009. Utilizou-se a regressao linear. Mudan-
¢as positivas do IMC foram associadas com au-
mento da pressio arterial diastélica (PAD) (f =
0,07; 1C95%: 0,03-0,11), lipoproteina de baixa
densidade (LDL-C) (aumento de 0,01% a 10%:
£ = 0,08; IC95%: 0,02-0,14; aumento de mais de
10%: p = 0,09; 1C95%: 0,01-0,16) e razdo lipo-
proteina de baixa densidade/lipoproteina de alta
densidade (LDL-C/HDL-C) (aumento de 0,01 a
10%: B = 0,15 1C95%: 0,06-0,25; aumento de
mais de 10% f = 0,14; 1C95%: 0,02-0,25). Ndo
se observou associagdo entre mudangas positi-
vas na CC e aumento de niveis lipidicos, apenas
com aumento da pressio arterial (PAS: f = 0,06;
1C95%: 0,02-0,10; PAD: f = 0,09; 1C95%: 0,04-
0,13). Mudangas positivas no IMC sdo preditoras
independentes para aumento de niveis lipidicos e
pressoricos e mudangas positivas na CC para au-
mento de niveis pressoricos.

Palavras-chave Antropometria, Doengas cardio-
vasculares, Populagio rural, Indice de Massa Cor-
poral, Circunferéncia da Cintura
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Introduction

Advances in technology and constant changes in
eating habits are responsible for reducing ener-
gy expenditure and, therefore, the leading causes
of weight gain in populations. Recent estimates
have predict that by 2025, about three billion
people worldwide will experience excess weight
gain and another 700 million will suffer from
obesity'?.

Thus, overweight and obese individuals share
a greater risk of developing combined effects
of dyslipidemia and hypertension, important
risk factors of cardiovascular diseases (CVD). A
greater effect is also observed due to increased
waist circumference (WC)*¢. Moreover, cardio-
vascular diseases are responsible for a large share
of the reported morbidity and mortality rates,
along with higher incidence of hospitalizations,
which altogether have resulted in an enormous
socioeconomic burden in Brazil”.

Data from population-based surveys con-
ducted in the last 35 years have shown an im-
portant rise in overweight rates among Brazilian
adults from 18.5% in 1974-75 to 50.1% in 2008-
09 among men and 28.7% to 48% among wom-
en during the same periods. Similarly, obesity
rates have raised more than four times among
men, from 2.8% to 12.5% and more than twice
among women, 8% to 16.9%/. In the same report
it was also shown an increment in the prevalence
of overweight and obesity among Brazilian rural
population.

Nutritional transition process and lifestyle
changes have been observed in populations of
metropolitan areas in Brazil since the 1970°. This
phenomena has also been observed in rural ar-
eas, where major demographic, socioeconomic
and epidemiological changes, results from forced
modernization in the field and biased and exclu-
sive development has caused changes in lifestyle
profile of rural populations’, which has lead to
increased lipid, glucose and blood levels, over-
weight and obesity'®!.

In addition, rural populations suffer from
health problems to a greater extent and experi-
ence disadvantages in access, supply, complexity
and quality of health services compared to urban
populations. Furthermore, residents of rural ar-
eas have particular characteristics such as low ed-
ucational level and socioeconomic status, which
reveal greater vulnerability to cardiometabolic
factors, which has been reported as the main rea-
son for absenteeism or non-performance of usual
activities'”. Assessing the anthropometric indexes

in specific populations is of utmost importance
since the Pan American Health Organization in-
formation has supported a steady growth of indi-
viduals with overweight and obesity™.

This study will contribute to defining pri-
orities and strategies of action on public health,
considering that the presence of above-average
weight is related to various diseases, specially
the cardiovascular ones, independently of race,
sex, age or level social. We not found in the lit-
erature studies about body mass index and waist
circumference changes in the adult population in
rural communities in Brazil. In this context, the
present study aims to estimate the associations
between anthropometric changes in five years
and lipid and blood pressure levels in Brazilian
rural areas.

Methods
Design, location and study population

This is a longitudinal study conducted in ru-
ral settings: Caju and Virgem das Gragas commu-
nities, respectively, located in the northeast state
of Minas Gerais. The baseline evaluation (phase
I) occurred in 2004 and the follow-up (phase II)
was carried-out in 2009. Face-to-face interview
was conducted by trained nurses and nutrition-
ists at the health center in both communities. The
questionnaires included data about demograph-
ic, socio-economic, anthropometric, biochemi-
cal, lifestyle habits (smoking status and alcohol
intake) and use of antihypertensive drugs. To be
eligible, residents should be between the ages of
18 and 75 years, reside in the communities and
present complete information in both phases of
the study.

From a census conducted in 2004, a total of
272 families were registered in both communi-
ties, consisting in 1,216 participants. Considering
the eligibility criteria to this study, at the end of
the 2004, 594 subjects were studied. In 2009, we
comprised a final sample of 387 due to dropouts
such as deaths, hospitalization, moved away, ab-
sence on schedule days for the collection of blood
samples and diagnosis of hypertension (n = 207).

We found no significant differences of so-
cioeconomic and demographic characteristics
between the studied subjects and the loss (data
not shown). It is noteworthy that some individ-
uals did not present complete data for all vari-
ables used in the analysis. At the end of the in-
terview, subjects underwent a clinical evaluation



which included anthropometric measurements
(weight, height, waist circumference), according
to protocol which follows international standard
recomendations'*.

Anthropometric measurements

The weight measurement was obtained by
a single outlet through digital scale (Model PL
150, FILIZOLA, Brazil), as measured by the Na-
tional Institute of Metrology, Standardization
and Industrial Quality (Inmetro), with capacity
for 180 kg and sensitivity of 100 g. Participants
were at the center of the scale platform, in the
anatomical position, wearing light clothing and
no shoes. Height was measured using a anthro-
pometry coupled to the scale to measure up to
190 cm. Individuals were standing in the center
of scale platform, standing, looking forward, in
a position to Frankfurt (lower orbital arc aligned
in a horizontal plane with the pinna), barefoot
and with feet together. Body mass index (BMI)
was calculated according to the formula: BMI =
weight (kg)/height? (m)".

For the waist circumference (WC) was used
inelastic millimeter tape 150 cm long. With the
individual standing and relaxed abdomen, arms
extended along the body, the tape was placed at
the midpoint between the iliac crest and the last
rib without compressing tissues. Central fat dis-
tribution of the classification we used the cutoff
points proposed'®.

Exposure variables

To avoid the time dependence of BMI and
WC changes were defined as percent of baseline
values. The difference between the measure ob-
tained in 2009 and the measure obtained in 2004
divided by the measure in 2004 and multiplied by
100%. The participants were classified according
to categories the relative decrease or increase in
BMI or WC: Category 0: -20.0% to 0.0%; Cate-
gory 1: 0.01 to 10.0% and Category 2: > 10.0%.
Negative differences were interpreted as dimin-
ishing and positive differences as increments.

Outcome variables

Outcome variables included values of Systol-
ic Blood Pressure (SBP), Diastolic Blood Pressure
(DBP), High Density Lipoprotein-cholesterol
(HDL-C), Low Density Lipoprotein-cholesterol
(LDL-C), total cholesterol and LDL/HDL ratio,
measured in 2009. Blood samples were drawn (5

mL) from each participant after a fasting peri-
od of 8 to 12 hours. Blood samples, aliquots of
serum and plasma, obtained by centrifugation,
were properly prepared and stored in 1.0 mL ep-
pendorf tubes stored at -20°C until analysis. The
concentration of total cholesterol (Chol) and tri-
glycerides (TG) was determined using enzymat-
ic-colorimetric methods using the Cobas Mira
Plus analyzer (Roche Diagnostics, Switzerland).
Concentration of HDL-C was also determined
by colorimetric enzymatic assay after precipita-
tion of LDL-C and very low density lipoprotein
(VLDL-C) with phosphotungstic acid and chlo-
ride magnesium. LDL-C levels were then calculat-
ed according to the Friedewald equation: LDL-C
= Chol - (HDL-C + TG/ 5)". Blood pressure was
determined by an indirect method, using a mer-
cury sphygmomanometer and according to the
recommendations of Joint National Committee
(2003) at that time'®. Measurements were taken
three times in each subject, with an interval of 2
minutes between each measure.

Demographic variables

The age of the individuals was obtained
throughout a document of identification and
when the participant was not in possession of
this document, age was asked to be given verbal-
ly. Regarding educational level, the participant
informed the last year and a formal study level
completed and the interviewer calculated the
years of schooling.

Lifestyle variables

Participants were asked about their smoking
habits, and then were classified as nonsmokers,
smokers and former smokers. They were also
asked about the number of cigarettes smoked
daily. Regarding alcohol consumption, partici-
pants answered the consumption of beer, rum,
wine, whiskey and other, and the frequency of
use (daily, weekly, never or almost never). The
variable consumption of alcohol considered the
use or not of beverages, uniting the daily and
weekly consumption category yes and never or
almost never, not in the category.

Data analysis

We performed multivariate linear regression
to investigate the associations of anthropomet-
rics changes (2004-2009) in WC and BMI with
SBP, DBP, total cholesterol, LDL-C, HDL-C and
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LDL/HDL. All dependent variables underwent
logarithmic transformation. The multivariate
linear models were adjusted for the following
potential confounding variables: age (years), sex,
educational level (years of study), smoking habit
(number of cigarettes per day) and alcohol intake
(daily / weekly consumption and never or almost
never). Final models were evaluated by the coef-
ficient (R?) and F test analysis of variance. Resid-
uals were evaluated according to the assumptions
of normality, mean zero, constant variance, inde-
pendence and unnecessary inclusion of quadrat-
ic terms. Data were processed and analyzed using
Stata software, version 12.1.

Ethics

This study was approved by the Human Eth-
ics Committee of the Universidade Federal de
Minas Gerais. All participants were informed of
the purpose of the study and their rights as par-
ticipants. Before inclusion, subjects were asked to
sign a consent form, according to guidelines of
Resolution 196/1996 of the National Health Ser-
vice and Helsinki declaration®.

Results

From the 387 studied participants, 185 were men
(47.80%) and 202 women (52.20%). Mean age
was 45.80 years. Most of the studied population
presented very low educational level, 50.00%
with 1-4 year of schooling and 29.20% with no
formal education. Additionally, most subjects
reported no alcohol intake (51.20%) or smok-
ing habit (56.60%). According to the nutritional
classification, in 2009, 22.00% of men were over-
weight compared to 28.60% of women. Obesity
was about five times greater in women than in
men (data not shown). Hypertension was found
on 38.00% of participants.

In 2009, women had significantly greater
BMI (24.37 versus 22.46 kg/m*) and lower weight
values than men subjects (57.00 versus 61.30 kg).
There were no significant differences in WC, SBP
or DPB according to sex. Total cholesterol and
triglyceride were higher among women com-
paring to men, however, only HDL-C levels were
statistically significant (53.00 versus 46.00 mg/dl)
(Table 1).

Table 1 also showed significant reductions of
SBP levels (129.00 versus 126.66 mm/Hg, p-val-
ue<0.05), while significant increase was observed
for total cholesterol (184.00 versus 197.50 mg/

dl, p-value<0.001), LDL-C (115.00 versus 125.00
mg/dl, p-value<0.001) and HDL-C (46.00 versus
50.00 mg/dl, p = 0.263).

Between 2004 and 2009, mean weight chang-
es was of 2.40 kg (95%CI: 1.91-2.89), mean BMI
changes 1.02 kg/m?* (95%CI: 0.82-1.22) and mean
WC changes 2.53cm (95%CI: 1.93-3.13) (Table 2).

After multivariate linear regression models,
participants who had positive changes of BMI
between 2004 and 2009 showed significant in-
creased levels of LDL-C (increase of 0.01% to
10%: B = 0.08; 95%CI: 0.02-0.14; more than 10%
increase: § = 0.09; 95%CI: 0.01-0.16) and LDL/
HDL ratio (increase of 0.01% to 10%: = 0.15;
95%CI: 0.06-0.25, more than 10% increase: p =
0.14; 95%CI: 0.02-0.25), when compared with
those who lost BMI units (Table 3). Only partic-
ipants who had positive changes of BMI (more
than 10% increase) showed significant increased
levels of DBP (B = 0.07; 95%CI: 0.03-0.11) (Table
4). These associations remained significant after
adjusting for age, sex, educational level, smoking
habit and alcohol intake. No significant associa-
tion was found between BMI changes and higher
density lipoprotein-cholesterol (HDL), total cho-
lesterol and SBP levels.

The present study found no association be-
tween changes in waist circumference and lipid
levels (Table 3) and also observed that partici-
pants who presented more than 10% increase in
WC had SBP (B = 0.06; CI195%:0.02-0.10) and
DBP (B = 0.09; CI195%: 0.04;0.13) increase, when
compared to those whose WC decreased (Table
4). These associations remained significant after
adjusting for age, sex, educational level, smoking
habit and alcohol intake.

Discussion

Prevalence of overweight and obesity found in
this study are very similar to the ones found in
surveys conducted in another rural population
in Brazil® and Nigeria® and greater to those
found in rural area of China?’. Moreover, data
from population surveys at national level with
probability samples indicate an excess weight of
38.8% in men and 47.9% in women. Moreover,
obesity has reached 16.5% in women and 8.8%
in men’, which argues in favor of a potential rep-
resentation of the studied rural population. The
present study also revealed that obesity was more
prevalent among women than men, which has
been shown previously in the city of Cavunge,
rural area of Bahia, Brazil®. Several factors may



Table 1. Medians and interquartile range of blood pressure, anthropometric and biochemical characteristics of
the study population according to sex. Virgem das Gragas / Caju, 2004 - 2009.

2004
Variables Men Women
Median IQR Median IQR
SBP (mmHg) 129.00* 119.00-143.33 129.00 116.92-148.00
DBP (mmHg) 80.67 73.17-87.00 81.17 72.00-91.00
BMI (kg/m?) 21.94* 20.34-23.78 23.20 20.87-26.50
WC (cm) 79.73 75.08-85.35 79.11 72.59-87.25
Total cholesterol (mg/dl) 184.00* 149.00-213.75 185.00 161.50-224.00
LDL-C (mg/dl) 115.00* 93.25-140.75 114.00 92.50-141.50
HDL-C (mg/dl) 46.00 38.00-53.00 47.00 40.00-56.50
Triglyceride (mg/dl) 79.50* 60.00-111.75 98.00 67.00-126.50
2009
Variables Men Women
Median IQR Median IQR

SBP (mmHg) 126.66* 117.00 — 139.67 127.67 111.16 — 143.33
DBP (mmHg) 80.00 75.33 —89.33 80.67 72.00 — 88.66
BMI (kg/m?) 22.46% 20.71 -25.01 24.37% 22.02 -27.60
WC (cm) 80.93 75.78 — 88.37 82.03 75.11-91.90
Total cholesterol (mg/dl) 197.50* 162.50 — 221.00 199.00 168.00 — 231.50
LDL-C (mg/dl) 125.00* 100.50 — 145.50 124.00 101.00 — 150.50
HDL-C (mg/dl) 50.00 38.00 —59.00 53.00% 42.00 —62.50
Triglyceride (mg/dl) 77.00 55.00 — 121.75 80.00 58.00 — 121.25

*p < 0.05 (Mann-Whitney test); BMI: Body Mass Index; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure; HDL-C:
High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; WC: Waist Circumference; IQR: Interquartile

Range.

Table 2. Mean changes and 95% confidence intervals of anthropometric variables in the study population

according to sex. Virgem das Gragas / Caju, 2004 - 2009.

. Total
Anthropometric Men Women ota
Changes
Mean 95%CI Mean 95%CI Mean 95%CI
Weight (kg) 1.87 1.27;2.46 2.88 2.14;3.63 2.40 1.91;2.89
BMI (kg/m?) 0.75 0.53;0.96 1.27 0.96;1.59 1.02 0.82;1.22
WC (cm) 1.81 1.16;2.47 3.19 2.22;4.15 2.53 1.93;3.13

BMI: Body Mass Index; CI95%: Confidence Interval 95%; WC: Waist Circumference.

explain these findings: women accumulate more
visceral and subcutaneous fat than men; differ-
ences in dietary patterns between sex; higher life
expectancy of women; menopause is accompa-
nied by weight gain and adiposity in women***.

In the five years we could observe the increase
in total cholesterol and LDL-C, which may lead
to an increased risk of developing cardiovascu-
lar diseases in these communities’ population?®.
One potential explanation of this result might be

the low consumption of fruits and vegetables in
rural areas and access to these foods, since this is
influenced by harvest periods and between crop
which mainly affects the consumption of fruits®.
Moreover, the climate where the dry predomi-
nates over the rainy season hampers the cultiva-
tion of land*® and justifies the difficulty of plant-
ing and production of vegetables. Noteworthy
there is also the low income found among these
populations®.
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Table 3. Multivariate adjusted linear regression models with logarithm of lipid variables dependents according to
category of BMI and WC changes — Virgem das Gragas / Caju, 2004 - 2009.

Total Cholesterol LDL-C LDL-C/HDL-C HDL-C
Variables (mg/dl) (mg/dl) (mg/dl) (mg/dl)
B 95% CI B 95% CI B 95% CI B 95% CI

Body Mass Index Changes (kg/m?)

Categoryl (-20.0 t0 0.0%)  Ref. - Ref. - Ref. - Ref. -

Category 2 (0.01 to 10.0%) 0.04 -0.00;0.08 0.08 0.02;0.14 0.15 0.06;0.25 -0.06 -0.12;0.15

Category 3 (> 10.0%) 0.04 -0.01;0.09 0.09 0.01;0.16 0.14 0.02;0.25 -0.02 -0.11;0.06
Waist Circumference Changes (cm)

Category 1 (-20.0 t0 0.0%)  Ref. - Ref. - Ref. - Ref. -

Category 2 (0.01 to 10.0%) -0.03 -0.07;0.01 -0.03 -0.09;0.03 -0.02 -0.11;0.07 -0.02 -0.09;0.05

Category 3 (> 10.0 %) 0.03 -0.03;0.09 0.05 -0.04;0.13 0.07 -0.06;0.19 -0.02 -0.11;0.07

CI 95% Confidence Interval 95%; B: beta coefficient; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol. BMI: Adjusted R? Total Cholesterol: 0.23; adjusted R? LDL-C: 0.12; adjusted R*LDL/HDL: 0.06; adjusted R? HDL: 0.08; Total
Cholesterol alpha coefficient: 4.83; LDL-C alpha coefficient: 4.43; alpha coefficient LDL/HDL: 0.81; alpha coefficient HDL: 3.62. WC:
Adjusted R? Total Cholesterol: 0.23; adjusted R*LDL-C: 0.14; adjusted R* LDL/HDL: 0.04; adjusted R* HDL: 0.08; Total Cholesterol alpha
coefficient: 4.88; LDL-C alpha coefficient: 4.46; alpha coefficient LDL/HDL: 0.89; alpha coefficient HDL: 3.61. Model adjusted for age,
sex, educational level, smoking habit and alcohol intake.

Table 4. Multivariate linear regression models with logarithm of blood pressure variables according to category
of BMI and WC changes. Virgem das Gragas / Caju, 2004 - 2009.

Variables SBP (mmHg) DBP (mmHg)
B 95% CI B 95% CI
Body Mass Index Changes (kg/m?)
Category 1 (-20.0 to 0.00%) Ref. - Ref. -
Category 2 (0.01% to 10.0%) 0.01 -0.02;0.04 0.02 -0.0150.05
Category 3 (> 10.0%) 0.03 -0.01;0.07 0.07 0.03;0.11
Waist Circumference Changes (cm)
Category1 (-20.0 to 0.00%) Ref. - Ref. -
Category 2 (0.01% to 10.0%) 0.02 -0.01;0.05 0.03 -0.00;0.06
Category 3 (> 10.0%) 0.06 0.025;0.10 0.09 0.04;0.13

CI95%: Confidence Interval 95%; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure. BMI: Adjusted R? SBP: 0.12; R?
adjusted DBP: 0.12; SBP alpha coefficient: 4.74; DBP alpha coefficient: 4.32. WC: Adjusted R? SBP: 0.15; R*adjusted DBP: 0.13;
SBP alpha coefficient: 4.75; DBP alpha coefficient: 4.32. Model adjusted for age, sex, educational level, smoking habit and alcohol
intake.

Regarding the prevalence of hypertension,
our results indicate this is public health prob-
lem in the studied population, although we have
observed the reduction of blood pressure levels
in the five years of study. This decrease might be
explained by the Family Health Program (FHP)
interventions in these communities, providing
diagnose, medication and monitoring of hyper-
tension.

The main finding of this study was that partic-
ipants who had positive changes of BMI between
2004 and 2009 also showed significant increased
levels of LDL-C, LDL/HDL ratio and DBP, when
compared with those who lost BMI units. These

associations remained significant even after ad-
justing for confounding variables. These findings
are similar to those found by the Canadian Heart
Health Surveys Research Group®.To our knowl-
edge there are no longitudinal studies that show
a positive relationship between adiposity increase
and increased levels of cardiometabolic risk fac-
tors such as LDL-C, HDL-C, LDL/HDL ratio and
levels of systolic and diastolic pressure in rural
populations in Brazil.

In this study, it was observed a mean increase
of 1.02 kg/m? BMI units in the population over
the course of the studied period. Previous re-
search has shown that weight gain in the long



run increases blood pressure considerably and
estimates from the Framingham study suggest
that about 70% of new cases of hypertension
could be attributed to weight gain®'. According
to the Nurses’ Health Study, positive changes in
BMI of 1 kg/m? were associated with a 12% in-
crease of risk of hypertension®. Similar results
were also found elsewhere, indicating a positive
relationship between BMI and increased blood
pressure®*?*. Finally, the Coronary Artery Risk
Development in Adults study (CARDIA), con-
ducted between 1985 and 1986, involving 5,115
subjects of both sex, have shown a strong associ-
ation between obesity and increased blood pres-
sure levels*. We found no significant associations
between increased adiposity and total cholester-
ol, HDL-C and SBP. This may have occurred due
to our small sample size.

Regarding the waist circumference positive
changes in five years, our findings have shown no
association with lipid outcomes, but with blood
pressure increased levels, suggesting that total
body fat seems to be more relevant in relation to
these variables (LDL-C and LDL / HDL) than the
central fat. Previous studies have reported that
individuals with abdominal obesity have a high-
er prevalence of hypertension and dyslipidemia
compared to those who did not have excess ab-
dominal fat, consequently, increased risk of de-
veloping cardiovascular disease®®”’.

The main limitation of this study is related
to the external validity of these results, which
should be interpreted with caution, because the
studied rural areas may not be a representative
sample of the rural population in Brazil. In addi-
tion, our multivariate models were not adjusted
for the use of lipid-lowering drugs, since this in-
formation was not available. Despite this limita-
tion, an interesting strength in this study was the
collection of anthropometric and blood pressure
measurements using appropriate techniques by
reliable and rigorously trained interviewers, and
based on international guidelines, rather than by
self-reference. The second strength was the ex-
posure variables measured at two points in five
years to the follow-up design. The third is the
more realistic prevalence found in this popula-
tion, because they rely on direct measurements,
justifying higher hypertension frequency and
hypercholesterolemia. Despite the importance of
race as a risk factor for hypertension, this infor-
mation was not included in this study, because

this specific variable may have been misclassified
due to high miscegenation of the Brazilian pop-
ulation. Ethnic and racial data must be treated
with caution considering the varying circum-
stances under which they are collected. In ad-
dition, the use of race information may reflect
culture, social norms and traditions rather than
genetic or hereditary origins®.

The scenario found in the studied rural pop-
ulation may contribute greatly to high levels of
lost of disability-adjusted life years and thus to
premature deaths, loss of quality of life, high de-
gree of limitation of people in their work and lei-
sure activities, and thus, cause negative economic
impacts on families, communities and society
as a whole®. Finally, the results of this study can
potentially provide a substantial dimension of
chronic diseases in the Brazilian rural popula-
tion.

In conclusion, we observed that increased of
BMI over the course of five years was an import-
ant predictor of lipid and blood pressure levels.
The increased of WC was predictor of blood
pressure levels among residents in rural areas in
Brazil. Such findings confirm that BMI and WC
positive changes may be a valuable predictor of
metabolic disorders and changes in blood pres-
sure in the evaluated rural population, even after
adjustments for confounding variables.

It is therefore necessary that the health sector
authorities urgently adopt measures for the treat-
ment, control and prevention of hypertension,
dyslipidemia and obesity, in order to reduce the
incidence of incapacitating and lethal cardiovas-
cular diseases among the rural population.

These results may also contribute to the rec-
ognition that promoting cardiovascular health
remains unsettled in rural areas and the imple-
mentation of the recently proposed strategic
action plan goals for the non-communicable
chronic diseases in Brazil 2011-2022, by the Min-
istry of Health is incipient in these settings. An-
other strategy implemented by the Ministry of
Health that urges to be provided in rural areas
are the Academia da Cidade Programs, which
aims to offer physical activity, healthy eating and
health education promotion among the general
population, located in squares, parks and sports
complexes in main Brazilian cities. In sum, pub-
lic health policies should be a priority for these
populations that would benefit greatly from
health promotion and prevention strategies.
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