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Abstract

The increase of chronic non-communicable dis-
eases has been significant. The objective of this
study was to identify factors related to food intake,
anthropometry and biochemical measurements
associated with chronic non-communicable dis-
eases. It involved a cross-sectional study among a
representative sample of adults and elderly people
in Bambui, Minas Gerais State, Brazil. Anthro-
pometric, biochemical and nutrient intake data
were evaluated. The study included 409 individu-
als (55.3% of whom were women), with a mean
age of 40.6+16.0 years. There was found to be a
14% rate of obesity associated with high/very high
triglycerides and arterial hypertension. Arterial
hypertension was present in 22.4% of subjects and
correlated with age > 60 years, insufficient protein
intake, obesity and high cholesterol. Diabetes was
found in 3.7% and was associated with large waist
circumference, excessive saturated fatty acids and
arterial hypertension. The factors associated with
chronic non-communicable diseases were obesity,
high total cholesterol, triglycerides and excessive
consumption of saturated fatty acids. The identi-
fication of the nutritional factors associated with
chronic non-communicable diseases can support
future interventions.
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Introduction

The epidemiological transition is characterized
by an increase in mortality rates related to non-
communicable diseases and decreased rates of
communicable diseases 1, while the nutritional
transition is characterized by changes in dietary
habits and increased obesity 2. The demographic
transition is characterized by accelerated popu-
lation aging and globalization is characterized by
the rapid spreading of habits and behavioral pat-
terns 3. These changes have given rise to different
lifestyles and health profiles among populations.
According to the World Health Organization
(WHO), chronic non-communicable diseases
were responsible for 60% of the 56.5 million
deaths around the world in the year 2001, and
accounted for 46% of the overall disease burden.
In Brazil, chronic non-communicable diseases
were responsible for 55.2% of deaths and 58% of
years of life lost due to premature death 4.
Specifically in relation to systemic arterial
hypertension, according to the Risk and Pro-
tection Factors Surveillance System for Chronic
Non-Communicable Diseases Through Tele-
phone Interview (VIGITEL), 24.4% of Brazilians
(over the age of 18) reported the presence of this
disease 5. In Brazil between July 2000 and June
2001, there were 1,143,955 hospitalizations due
to cardiovascular disease (9.7% of the total). Of
these, 14.9% related to systematic arterial hy-
pertension, 11% to cerebrovascular diseases and
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5.5% to ischemic heart diseases, and the latter
two were both associated with systematic arte-
rial hypertension 6.

This trend of an increase in the incidence of
chronic non-communicable diseases must be
considered in the context of increased obesity.
According to the National Health and Nutrition
Survey (PNSN 1990), 24.6% of the population pre-
sented overweight and 8.3% presented obesity,
while in the Brazilian Household Budget Survey
(POF 2008/2009) 7, the prevalences were 34.2%
and 14.8%, respectively, and in VIGITEL, 32.7%
and 13.9% 5.

Increased obesity is strongly related to chang-
es in dietary patterns. Present food intake trends
among the Brazilian population, according to
the POF surveys of 1987, 1996 and 2003, reveal
increasing fat (particularly animal fat) and sugar
intake, accompanied by reductions in the intake
of cereals, fruits, leguminous vegetables, greens
and other vegetables. Thus, the diet is increas-
ingly poor in vitamins and minerals. Further-
more, the increasing frequency of consumption
of manufactured foods and meals outside of the
home can be highlighted 7.

In light of this new nutritional and epide-
miological pattern, it has become necessary to
investigate the nutritional factors relating to oc-
currences of chronic non-communicable dis-
eases, with an emphasis on obesity, systematic
arterial hypertension and diabetes. Therefore,
this article had the aim of identifying the factors
relating to food intake, anthropometry and bio-
chemical measurements that were associated
with these diseases among adults and elderly
people living in Bambui, Minas Gerais State,
Brazil.

Materials and methods

The Bambui Project is a population-based epide-
miological study developed in Bambui, a munici-
pality with around 15,000 inhabitants.

Sample

The sample for this dietary survey consisted of
660 individuals who were selected randomly.
The assumptions made in determining the sam-
ple size were 2.5% sample error, 20% prevalence
of excess weight, 95% confidence interval and
20% losses.

There were 550 respondents in this survey
(83.2%), among which anthropometric, bio-
chemical and food intake information was avail-
able for 409 individuals (62%). It is important
to point out that, despite the sample loss, there
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were no significant differences in age distribu-
tion and sex.

Type of study and data collection

A cross-sectional study was carried out in 1996-
1997. Demographic, anthropometric and food
intake information was collected and biochemi-
cal assays were performed, as described below.

The demographic data such as sex and age
were obtained by means of a face-to-face ques-
tionnaire.

The anthropometric measurements were
standardized in accordance with techniques
used worldwide 8. Each parameter was measured
three times and the mean was used. The body
mass index (BMI) was calculated from the weight
and height measurements and the waist-hip ratio
(WHR) was calculated from the waist circumfer-
ence (WC) and hip circumference (HC).

The nutritional status was classified from the
BMI according to age, for adults (18-59 years) 8
and elderly people (> 60 years) 9. The reference
values for WHR and the WC were the values pro-
posed by the WHO 8.

Diabetes was defined as a fasting glucose lev-
el of 126 mg/dL or more, or if the subject report-
ed current use of insulin or oral hypoglycemic
agents. And hypertension was defined as blood
pressure > 140/90mmHg and/or current use of
hypotensive drugs 10.

The nutrient information was obtained by
calibration between two dietary methods: the
Semiquantitative Food Frequency Questionnaire
(SQFFQ) and the 24-hour recall associated with
food responses (24R) 11.

The biochemical measurements of total cho-
lesterol, HDL-cholesterol, triglycerides and gly-
cemia were obtained after a 12-hour fast, using
automated equipment (Eclipse Vitalab, Merck,
Netherlands). The reference values for adequate
lipid levels were the values proposed by the Third
Brazilian Guidelines for Dyslipidemia and the
Guidelines for Atherosclerosis Prevention 12, and
for glycemia, the Diabetes Guidelines of the Bra-
zilian Diabetes Society 13.

The Bambui Project was approved by the
Ethics Committee of the Oswaldo Cruz Founda-
tion, and all the participants signed a free and
informed consent statement.

Statistical analysis

The information from the SQFFQ was trans-
formed into nutrient values using a software
application developed within SPSS 11.0 for Win-
dows (SPSS Inc., Chicago, USA). The food com-
position database was constructed from the Nu-



trition Support software, version 2.5 (Centro de
Informatica em Satide, Escola Paulista de Medici-
na, Universidade Federal de Sao Paulo, Sao Paulo,
Brazil), and from food composition tables.

Descriptive analysis was performed on the
data and chi-squared and Fisher exact tests were
applied. Univariate and multivariate Poisson re-
gression analyses were used, with a stepwise cri-
terion for variable selection.

Results

The study sample was composed of 409 indi-
viduals, of whom 55.3% (n = 226) were female.
The mean age was 40.6+16.0 years, and 13.7%
(n = 56) of the subjects were classified as elderly
(= 60 years).

The prevalences of nutritional deviations
were that 6.1% of the subjects were underweight,
30.2% were overweight and 14% were obese. The
women presented higher frequencies of under-
weight (8% vs. 3.8%: p < 0.01) and obesity (18.2%
vs. 8.8%: p <0.01).

Insufficient protein and vitamin Bg intake
was observed in 59.7% and 50.1%, respectively,
with significant differences between the sexes
and age groups. The percentages of individuals
with excessive consumption of lipids (29.6%),
phosphorus (69.2%) and saturated fatty acids
(22.5%) were high. Abnormal cholesterol, HDL
and triglyceride concentrations were also found
in a large proportion of the sample (Table 1).

Among the participants, systematic arte-
rial hypertension and diabetes were identified in
22.4% and 3.7%, respectively. Systematic arterial
hypertension was more frequent among women
(26.6% vs. 17.2% in men; p = 0.03) and the elderly
(60% vs. 17% in adults; p < 0.01). Diabetes was
more frequent only among the elderly (14% vs.
2.3%; p=0.001).

Obesity was positively associated with female
sex, inadequacy of protein and phosphorus in-
take, large WC, diminished glucose tolerance, di-
abetes, systematic arterial hypertension and high
triglyceride levels (Table 2). In the multivariate
analysis, presence of systematic arterial hyper-
tension and high levels of triglycerides remained
associated with obesity. The anthropometric
variables were disregarded because of the high
correlation between them (Table 3).

The factors associated with occurrences of
systematic arterial hypertension were age (> 60
years), insufficient protein, phosphorus and vita-
min Bg intake, low polyunsaturated-to-saturated
fatty acid ratio, obesity, large WC, high WHR, di-
minished glucose tolerance, diabetes, high cho-
lesterol and high triglycerides (Table 2). Among
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these, age, insufficient protein intake, high cho-
lesterol, obesity and diabetes remained associ-
ated (Table 3).

In univariate analysis, age classification, ex-
cessive fatty acid intake, high triglycerides and
systematic arterial hypertension, along with
large WC and high WHR, were significantly as-
sociated with diabetes (Table 2). Large WC, ex-
cessive fatty acid intake and systematic arterial
hypertension were associated in the multivariate
analysis (Table 3).

Discussion

High occurrence rates of nutritional deviations
were found in the present study, particularly
excess weight, abnormalities of serum lipid lev-
els and inadequate nutrient intake. These fac-
tors may contribute towards the occurrence of
chronic non-communicable diseases, especially
among women and elderly people, who make up
the groups most susceptible to these diseases 2.3.

The association found between systematic
arterial hypertension, high triglycerides and
obesity should be thought of as a possible limita-
tion to the study, consequent to the design used.
In cross-sectional studies, no temporality is de-
termined and it is therefore possible to identify
associations of factors that are consequences or
intermediate stages of the disease, i.e. prevalence
study bias, such as the presence of systematic ar-
terial hypertension and high triglycerides asso-
ciated with obesity. Future analyses of cohorts
might overcome this limitation.

Furthermore, other biologically plausible
factors need to be considered. Even though the
insufficiency of calcium and fiber intake was
non-significant, it may have been important be-
cause almost 100% of the subjects presented low
intake, thus possibly contributing towards occur-
rences of obesity 2.

However, the trio of obesity, systematic arte-
rial hypertension and high triglycerides brings a
notable increase in the cardiovascular risk. With-
in this context, good nutrition associated with
practicing physical exercise is capable of ensur-
ing good health for individuals 1.

Among the factors associated with occur-
rences of systematic arterial hypertension,
old age was prominent: it roughly doubled the
chance of being hypertensive, probably be-
cause of physiological changes during aging
that favor the occurrence of systematic arterial
hypertension, such as hydroelectrolytic imbal-
ance, vascular changes and body composition
changes 3,14. A study conducted in Pelotas, Rio
Grande do Sul State 14, with a representative
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Table 1

Prevalence of adequate nutritional status, considering anthropometry, nutrient intake and biochemical parameters according to sex and age group. Bambui,

Minas Gerais State, Brazil, 1996-1997.

Adequacy Whole sample Men Women p-value * Adults Elderly p-value **
(n =409) (n=182) (n =225) (n=352) people
(n =56)
Large WC *** 13.2 12.6 13.7 0.34 11.6 23.2 <0.01
Very large WC 5.5 7.7 3.7 0.20 4.6 10.7 0.03
High waist/hip ratio 19.2 1.1 34.1 <0.01 14.7 46.4 <0.01
Insufficient protein 21.8 16.4 26.1 <0.01 15.6 60.7 0.03
Excessive protein 59.7 56.3 62.4 0.02 66.6 16.1 <0.01
Excessive lipids 29.6 30.6 28.8 0.41 28.0 39.3 <0.01
Insufficient phosphorus 9.5 4.4 13.7 <0.01 8.8 14.3 <0.01
Excessive phosphorus 69.2 80.3 60.2 0.51 68.0 76.8 <0.01
Insufficient vitamin B, 50.1 40.4 58.0 <0.01 48.7 58.9 <0.01
Excessive vitamin B, 1.7 17.5 7.1 0.02 12.2 8.9 <0.01
Excessive saturated fatty acids # 225 22.4 22.6 0.29 20.1 37.5 <0.01
Insufficient P/S ratio ## 30.3 26.2 33.6 0.01 28.6 411 <0.01
Threshold cholesterol ### 248 253 243 0.37 23.3 33.9 <0.01
High cholesterol § 13.7 11.0 15.9 0.03 10.8 32.1 <0.01
Low HDL-cholesterol §§ 20.3 27.5 14.6 0.06 19.0 28.6 <0.01
Threshold triglycerides §8§ 12.5 10.4 14.2 0.07 15.9 21.4 <0.01
High/very high triglycerides t 18.8 20.8 17.3 0.91 16.5 33.9 <0.01

P/S: polyunsaturated fatty acids/saturated fatty acids; WC: waist circumference.

* Test comparing proportions between the sexes;

** Test comparing proportions between adults and elderly people;
*** \Waist circumference;

# Saturated fatty acid;

## Polyunsaturated/Saturated;

### Threshold cholesterol (200-239mg/dL);

§ High cholesterol (= 240mg/dL);

§§ low HDL (< 40mg/dL);

§8§ Threshold triglycerides (150-200mg/dL);

t High/very high triglycerides (> 201mg/dL).

sample of the population also found a greater
frequency of systematic arterial hypertension
among elderly people (prevalence ratio = 9.54;
95% confidence interval — 95%CI: 6.32-14.39).

Another factor associated with systematic
arterial hypertension was insufficient protein in-
take. It can be emphasized that individuals who
present this inadequacy, in relation to other sub-
jects, had lower calcium intake, low polyunsatu-
rated fatty acid intake and greater age, BMI and
blood cholesterol (p < 0.05). These factors may
raise pressure levels 7,15,

The occurrence of diabetes was associated
with excessive intake of fatty acids, abdomi-
nal obesity and systematic arterial hyperten-
sion, thus corroborating other studies 6,7,16,17,
Lipid quality has an important role in the risk
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of developing diabetes. A positive correlation
between saturated fat intake and glycemia lev-
els has been demonstrated, with greater risk of
progression from diminished glucose tolerance
to diabetes 13,16,

Furthermore, excess weight, especially ab-
dominal, has been associated with the risk of de-
veloping diabetes, diminished glucose tolerance
and other chronic non-communicable diseases.
This relationship is due to an increased release
of non-esterified fatty acids into the circulation,
which is promoted by abdominal fat. In addition,
there is an increased release of adipocytokines,
such as tumor necrosis factor and interleukin-6,
which is associated with reductions in adiponec-
tin and imbalances of other hormones (leptin
and ghrelin, for example), and may negatively
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Table 2

Univariate Poisson regression analyses (prevalence ratio — PR and 95% confidence interval — 95%ClI) for nutritional diagnoses

of obesity, hypertension and diabetes. Bambui, Minas Gerais State, Brazil, 1996-1997.

Variables PR (95%Cl)

Obesity Arterial hypertension Diabetes

Age > 60 years

Female sex

Insufficient protein
Insufficient phosphorus

Insufficient vitamin By

Excessive saturated fatty acids **

Insufficient P/S ratio ***
Obesity

Large WC ##

High WHR ###

Diminished glucose tolerance
Diabetes

Arterial hypertension

High cholesterol

Threshold triglycerides
High/very high triglycerides

*

2.07 (1.16-3.69)
2.08 (1.22-3.57)
2.01(1.02-3.97)

*
*
#
12.42 (6.76-22.83)
3.78 (2.23-6.43)
2.23(1.28-3.89)
3.66 (1.66-8.07)
( )

3.21(1.90-5.42

*

*

2.31(1.34-3.98)

3.52 (2.27-5.46)
«
3.52 (2.33-5.31)
1.86 (1.07-3.24)
1.90 (1.23-2.94)
«
1.62 (1.07-2.47)
2.63(1.68-4.13)
2.31(1.50-3.57)
3.22 (2.12-4.90)
2.41 (1.56-3.75)
3.58 (1.91-6.73)
#
2.99 (1.92-4.65)
2.19 (1.25-3.84)
2.61 (1.64-4.16)

6.14 (2.23-16.94)

*
*
*
*
3.07 (1.11-8.4¢6)
*
5.36 (1.94-14.78)
6.58 (2.34-18.47)

6.60 (2.35-18.53)
#

#

9.50 (3.03-29.84)

*

*

3.87 (1.40-10.66)

P/S: polyunsaturated fatty acids/saturated fatty acids.
* Non-significant prevalence ratios;

** Saturated fatty acid;

*** Polyunsaturated/Saturated;

# Calculation does not apply;

## Waist circumference;

### Waist/hip ratio.

Table 3

Multivariate Poisson regression analysis for the outcomes of obesity, hypertension and diabetes. Bambui, Minas Gerais State,
Brazil, 1996-1997.

Equation parameters Obesity Systemic arterial Diabetes

hypertension

Variables
(coefficient; PR; 95%Cl)

Large waist circumference
(4.06; 1.40-11.74)

Systematic arterial Age > 60 (1.65; 1.01-2.72)
hypertension
(2.47; 1.43-4.27)
High/very high triglycerides
(2.37;1.26-4.45)

Insufficient protein
(2.36; 1.50-3.71)
High cholesterol
(1.95; 1.22-3.10)

Excessive saturated fatty
acids (2.82; 1.02-7.76)
Systematic arterial
hypertension
(6.33; 1.95-20.51)
Diabetes (2.20; 1.10-4.43)
Obesity (1.81; 1.12-2.92)

PR: prevalence ratio; 95%Cl: 95% confidence interval.
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affect insulin sensitivity and favor the develop-
ment of chronic non-communicable diseases 16.

In analyzing the association with systematic
arterial hypertension, it was not possible to iden-
tify the importance of sodium intake, and it is
recommended that this should be analyzed in
subsequent studies. With regard to occurrences
of obesity, methodological limitations such as
inadequate dietary profiles were found both
among obese and among eutrophic individuals.
It is recommended that other factors associated
with excess weight, such as physical activity lev-
els should be better investigated.

Resumo

E expressivo o aumento da ocorréncia de doencgas e
agravos ndo transmissiveis. Identificar fatores refe-
rentes ao consumo alimentar, antropometria e medi-
das bioquimicas associados as doengas e agravos ndo
transmissiveis em Bambui, Minas Gerais, Brasil. Estu-
do transversal com amostra representativa de adultos
e idosos de Bambui. Foram avaliados dados antropo-
métricos, bioquimicos e consumo de nutrientes. Par-
ticiparam 409 individuos, 55,3% mulheres, com idade
média de 40,6+16,0 anos. Verificaram-se 14% de obesi-
dade associada ao triglicerideos alto/muito alto e hi-
pertensao arterial. Hipertensdo arterial esteve presente
em 22,4% e relacionou-se a idade > 60 anos, consumo
insuficiente de proteinas, obesidade e colesterol eleva-
do. Identificou-se diabetes em 3,7% da amostra asso-
ciada a circunferéncia da cintura elevada, dcidos gra-
xos saturados excessivo e hipertensdo arterial. Os fato-
res associados as doengas e agravos ndo transmissiveis
investigados foram obesidade, elevagdo do colesterol
total, triglicerideos e consumo excessivo de dcidos gra-
xos saturados. A identificagdo destes fatores associados
a ocorréncia das doengas e agravos ndo transmissiveis
poderd subsidiar futuras intervengoes.

Consumo de Alimentos; Antropometria; Marcadores
Biologicos; Doenga Crénica
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It is concluded that identification of nutri-
tional factors associated with occurrences of
chronic diseases may form a strategy for defining
interventions for modifiable factors. Abdominal
and overall obesity, along with high total cho-
lesterol and triglycerides and excessive intake of
saturated fatty acids, were shown to be factors in
this group for which interventions were possible.
Such actions could significantly reduce occur-
rences of obesity, systematic arterial hyperten-
sion and diabetes, which have notable impacts
on quality of life.
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