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Association between area-level education
and the co-occurrence of behavior-related
risk factors: a multilevel analysis

Antonio Fernando Boing"" @, SV Subramanian' (, Alexandra Crispim Boing""

ABSTRACT: Introduction: This study aimed to investigate the association of four different risk factors for
chronic diseases and accumulation of these health behaviors with area-level education, regardless of individual-
level characteristics in Brazil. Methods: A population-based cross-sectional study was carried out in Southern
Brazil including 1,720 adults in 2009/2010. The simultaneous occurrence of tobacco smoking, abusive drinking,
unhealthy eating habits, and physical inactivity was investigated. Using multilevel models, we tested whether
area-level education was associated with each risk factor and with the co-occurrence of them after controlling
sociodemographic individual-level variables. Results: We observed a between-group variance of 7.79, 7.11, 6.84
and 1.08% for physical inactivity, problematic use of alcohol, unhealthy eating habits, and smoking, respectively.
The between-group variance for the combination of four behaviors was 14.2%. Area-level education explained
a significant proportion of the variance observed in physical inactivity and unhealthy eating habits. Residents of
low educational level neighborhoods showed a 2.40 (95%CI 1.58 — 3.66) times higher chance of unhealthy
eating and 1.78 (95%CI 1.19 — 2.67) times higher chance of physical inactivity. The likelihood of individuals
with two or three/four risk factors was simultaneously higher among residents of low educational level
neighborhoods. Conclusion: Public policies should consider the area-level characteristics, including education
to control risk factors for chronic diseases.
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RESUMO: Introdugdo: O objetivo do presente estudo foi investigar a associagdo de quatro diferentes fatores de
risco para doencas crénicas e seu acimulo com o nivel educacional da vizinhanga de moradia, controlando-se por
caracteristicas individuais. Métodos: Um estudo transversal de base populacional foi realizado no sul do Brasil com
1.720 adultos, em 2009/2010. A ocorréncia simultanea de tabagismo, uso abusivo de alcool, habitos alimentares
nio saudaveis e inatividade fisica foi investigada. Modelos multiniveis testaram se a educagio da vizinhanga estava
associada com cada fator de risco e com a co-ocorréncia deles, ajustando-se por variaveis individuais. Resultados: Houve
varidncia entregrupos (VPC) de 7,79, 7,11, 6,84 e 1,08% para inatividade fisica, uso problematico de alcool, habitos
alimentares nfo saudaveis e tabagismo, respectivamente. O VPC para a combinag¢do dos quatro comportamentos
foi de 14,2%. A educagdo da vizinhanga explicou significativa propor¢io da variancia da inatividade fisica e dos
habitos alimentares ndo saudaveis. Residentes de vizinhangas que tinham baixo nivel educacional mostraram
2,40 (IC95% 1.58 — 3.66) vezes mais chance de habitos alimentares nio saudaveis e 1,78 (IC95% 1.19 — 2.67) vez
mais chance de inatividade fisica. A probabilidade de individuos terem dois ou mais fatores de risco simultaneos
foi maior entre residentes de vizinhangas com nivel educacional mais baixo. Conclusdo: Politicas publicas devem
considerar caracteristicas da vizinhanga, incluindo a educagio, quando tiverem como objetivo controlar os fatores
de risco para doengas cronicas.

Palavras-chave: Doenga cronica. Fatores de risco. Educacio. Fatores socioeconémicos. Analise multinivel.

INTRODUCTION

Tobacco smoking, alcohol consumption, unhealthy eating habits, and physical inactiv-
ity account for an expressive proportion of chronic diseases, such as cancer, stroke, and
ischemic heart disease'. Individual factors associated with these risk behaviors have been
widely reported. Demographic and socioeconomic characteristics have been described as
important determinants of exposure to such behaviors, and there is, in general, greater
prevalence of risk factors in men, individuals of low socioeconomic level, and less edu-
cated groups'*.

In addition to individual factors, multilevel studies have shown that the neighborhood
in which people live also influences their health status and behaviors, including exposure
to risk factors of chronic diseases™®. Different contextual factors may impact on individual
health. Macintyre & Ellaway” cite the availability of healthy environments at home, work,
and play (i.e. good housing, healthy food availability), physical features of the environment
shared by all residents (i.e. safe streets, green places, air and water quality), services pro-
vided to support people in their daily lives (i.e. lighting, education, street cleaning), and
sociocultural features of the locality. Together, these physical and environmental charac-
teristics may increase or decrease unfavorable health outcomes. However, most of these
multilevel studies have been carried out in developed countries and have analyzed each
risk factor independently. Few studies have analyzed the simultaneous exposure to more
than one of these behaviors' and considered the neighborhood context", particularly in
developing countries.
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In terms of public health policy, health promotion programs based on actions oriented
to modify simultaneous behaviors are much more worthy, because this strategy has shown
to be more effective than those based on isolated behaviors". Furthermore, public health
policies that consider contextual variables together with individual factors allow for a much
more comprehensive approach®.

This study aimed to assess the association of four different risk factors for chronic dis-
eases and the accumulation of these health behaviors with area-level education, regardless
of individual-level characteristics in the Brazilian population.

METHODS
STUDY POPULATION

This is a population-based cross-sectional study nested in a cohort study of adults.
People aged 20 to 59 years living in Florianépolis, Brazil, were interviewed in order to eval-
uate several health outcomes. This city is located in Southern Brazil, has 421,240 inhabi-
tants and is one of the three with the highest Human Development Index in the country.

SAMPLING PROCEDURES

A multi-stage sampling method was used for sample selection, considering census tracts
as the primary sample unit (PSU). Firstly, 420 census tracts of the city were ordered accord-
ing to the average income of the household head. Then, they were grouped in deciles and
63 of them were systematically drawn (approximately six in each decile). Secondly, the field
work team visited all census tracts in order to estimate the number of inhabited households
in each one. After that, 18 households were drawn in each census tract, which is equivalent
to 32 adults per PSU (considering the average of 1.78 adult per household), and 2,016 peo-
ple in the whole city (63 x 32). With this sample size and considering a prevalence of expo-
sure higher than 5%, the study was able to detect odds ratios (OR) higher than 1.32 (risk) or
lower than 0.76 (protection), adopting a 5% alpha and an 80% power.

DATA COLLECTION

The interviews were carried out between September 2009 and January 2010. All the
selected households were visited at least four times in order to contact the residents (in all
cases at least one visit was at night and another on the weekend). All residents were invited
to participate voluntarily in the study, except individuals who did not have physical or psy-
chological conditions to answer the questionnaire. Home visits included the administration
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of a face-to-face questionnaire, which was intensively tested in a pilot study conducted
prior to the field work with 99 adults living in two census tracts, who were not included in
the sample. A short version of the questionnaire (10 questions) was applied as data quality
control. Therefore, about 15% (n=248) of the interviewees were contacted by telephone.
Kappa values varied between 0.6 and 0.9.

OUTCOMES

Analysis was carried out on the contextual factors associated with co-occurrence of four
risk behaviors for chronic diseases and each risk behavior independently. Risk behaviors
included tobacco smoking, abusive alcohol consumption, poor eating habits, and physical
inactivity. Categories for smoking were nonsmoker, former smoker, or current smoker.
For the purposes of the analysis, the “nonsmoker” and “former smoker” categories were
grouped together and considered as free from risk to health. Problematic alcohol use was
measured using the Alcohol Use Disorder Identification Test (AUDIT)", which was vali-
dated in various countries and presented good levels of sensitivity (87.8%) and specificity
(81%)" for the detection of problematic alcohol use. In this study, this variable was defined
by an AUDIT score above 7.

Physical activities and eating habits were assessed according to the questionnaire used in
the Surveillance of Risk Factors and Protection for Chronic Diseases Through Telephone
Inquiries (VIGITEL), Brazil'*". Adults were considered as physically inactive if they prac-
ticed physical activity during leisure time in less than once a week in the three months pre-
ceding the interview'®. People who reported consuming fruits and vegetables less than five
days a week were considered as having poor eating habits".

NEIGHBORHOOD EXPOSURE

The mean of schooling years of the household head in each census tract was used as
a contextual variable. After being collected as a discrete variable, information was divided
into three categories: 0 to 8 years of study, 9 to 11 years, and 12 or more years. Data were
gathered from the 2000 Brazilian census.

INDIVIDUAL COVARIATES

The analyzed individual covariates were: gender, age in completed years (20 to 29, 30 to
39, 40 to 49, and 50 to 59), equalized household income divided into tertiles, successfully
completed school years (0 to 4, 5 to 8, 9 to 11, and = 12), and self-reported skin color (white
or light- or dark-skinned black).
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STATISTICAL ANALYSIS

An estimate was carried out of the prevalence and respective 95% confidence interval of
the co-occurrence of risk behaviors and of each risk factor independently. Multilevel logistic
regression was applied to test the association between each risk factor and area-level edu-
cation. The multilevel polytomous logistic regression was also run, using the multinomial
logit model, to investigate the association between co-occurrence of risk factors (0, 1, 2,
3/4 risk factors) and contextual variable. OR and respective 95% confidence interval were
reported. We also estimated the proportion of total variance of each outcome, which is due
to differences between the groups. The variance partition coefficient (VPC) was defined as
level 2 variance/level 2 variance + (t°2/3). It provides a total variance estimation in out-
comes that can be attributed to differences between the neighborhoods. Level of signifi-
cance was defined at p < 0.05. In both analyzes, the variables were gradually included in the
models. The multilevel model added two levels of analysis: level-area schooling and individ-
ual characteristics. After the unadjusted model (crude analysis), age, gender and race/skin
color were included (Model 1). Finally, in the full model, we included individual-level edu-
cation and equalized household income (Model 2). The multilevel analysis used the fixed
effects model and random intersection for estimation of the association between outcomes
and explanatory variables of the first and second levels of the analysis. We calculated the
Akaike information criterion as a measure of fit goodness. All analyses were carried out in
Stata 13 program, taking the weighted sample into account.

ETHICAL ASPECTS

This research was approved by the Ethics Committee of Research with Human Beings
of Universidade Federal de Santa Catarina. All participants signed a free informed consent
form (process number 351/08).

RESULTS

1,720 individuals were interviewed (response rate of 85.3%). Table 1 shows the main
characteristics of the studied population. About 55.5% were women, 85.7% reported being
white, and 44.4% were 40 years or older. Most interviewees declared having more than eight
years of education (77.3%). Unhealthy eating was the most common risk behavior among
the population (81.2%), followed by physical inactivity (53.1%). Around one among five
people (19.2%) were current smokers, and 18.5% reported problematic alcohol use.

The prevalence of smoking, unhealthy eating and physical inactivity was higher among
individuals with lower level of education and lower household income. In addition, neigh-
borhoods with lower educational levels showed higher prevalence of unhealthy eating and
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Table 1. Sample distribution and prevalence of smoking, problematic use of alcohol, unhealthy

eating, and physical inactivity according to individual and contextual characteristics, Floriandpolis,

Brazil, 2009-2010.

Variables Smoking Pro:fl(;r;zzuzluse Unhealthy eating I';ZZ?\Z?;
(GENWZ{)! % (95%Cl) % (959%Cl) % (95%Cl) % (95%Cl)
Age (years)
20-29 540 (32.7) 18.0(14.6-21.4) 26.4(20.3 -32.4)  89.2(86.2-92.3) 45.9 (40.5-51.2)
30-39 392(22.9) 15.7(11.7-19.8) 15.6(11.3-19.9) | 82.5(78.0 - 87.0) 56.4(50.7 - 62.0)
40-49 438(25.0) 18.6(15.0-22.2) 15.5(11.9-19.1) | 75.1 (70.1 - 80.0) | 55.5 (49.6 - 61.4)
50-59 350 (19.4) | 26.1(21.8-30.4) 12.6(8.8-16.3) 73.9(68.3-79.6) 58.3(50.4-66.1)
Gender
Male 761 (44.5) | 21.3(18.2-24.4) 29.6(25.3-33.9) 86.5(83.2-89.9) 46.3(40.7-51.8)
Female 959 (55.5) | 17.5(14.8-20.2) 9.6(6.9-12.3) |76.9(73.6-80.1) 58.5(53.8-63.3)
Skin color
White 1,444 (85.7) 18.4(16.2-20.5) 17.3(14.8-19.8) 80.6(77.7 - 83.6) 51.9 (43.1 - 52.8)
Lighter
skinned 147 (9.1) | 24.9(17.6-32.2) 28.4(19.6-37.2) 87.0(80.8-93.2) 55.9 (47.7 — 64.2)
Black
Dark
skinned 87(.2) 20.8(12.6-29.1) 19.6(9.2-30.1) 83.2(73.9-92.4) 68.3(60.2-76.4)
Black

Individual educational level (years of successful studies)

<4 158 (8.7) | 27.0(19.2-34.8) 14.3(7.0-21.6) 88.1(82.4-93.8) 82.6(75.8-89.3)
5-8 253(14.0) ' 25.9(17.9-33.9) 14.6(8.7-20.5) 87.6(83.4-91.8) 68.8(62.0-75.7)
9-11 568 (33.4) ' 21.4(17.7-25.2) 20.5(15.8-25.1) 84.9(82.0-87.7) 57.3(52.1 -62.5)
=12 737 (43.9) 13.9(11.4-16.5) 19.2(15.3-23.1) | 74.9(70.1 - 79.8)  38.7 (35.1 — 32.4)

Equalized household income (tertile)

Poorest 574 (33.1) 1 23.6(20.3-27.2) 16.8(13.5-20.8) 86.5(83.2-89.2) 65.3(59.0-71.2)
Intermediate = 573(32.6) 1 21.8(17.7-26.5) 20.2(15.8 - 25.4) 84.3(81.0-87.1) 53.9 (49.2 - 58.6)
Richest 572 (34.3)  12.6(9.9-16.1) 18.6(14.8-23.2) 73.2(67.6-78.1) 40.7 (36.1 - 45.5)

Area-level education (years of successful studies; 63 census tracts)

>12 427 (26.9) 18.6(14.6-23.5) 16.3(12.1-21.7) | 71.4(64.5-77.4) 43.4(39.0 - 48.0)
9-11 741 (62.2) 17.0(14.4-20.1) 21.2(16.1-27.6) 81.5(77.8-84.7) 50.2 (44.3 - 56.2)
<8 552(30.9) 122.7(19.2-26.7) 16.7(13.0-21.6) 89.3(86.0-91.9) 65.6 (57.8 - 72.5)
Total 1720 (100.0) 19.2(17.1-21.3) 18.5(15.5-21.4) | 81.2(78.3-84.1) 53.1 (48.8 -57.4)

Cl: confidence interval.

REV BRAS EPIDEMIOL 2019; 22: E190052

6



ASSOCIATION BETWEEN AREA-LEVEL EDUCATION AND THE CO-OCCURRENCE OF BEHAVIOR-RELATED RISK FACTORS: A MULTILEVEL ANALYSIS

physical inactivity. 3.4% of adults presented the four risk behaviors simultaneously, and 8.2%
reported none of the unhealthy behaviors. The highest prevalence observed was unhealthy
diet plus physical inactivity (30.6%). Other prevalence combinations of health risk behav-
iors are described in Table 2.

After analyzing the risk factors independently, in the empty model, we observed that the
between-group variance corresponded to 7.79, 7.11 and 6.84% for physical inactivity, prob-
lematic alcohol use, and unhealthy eating habits, respectively (Table 3). The value was par-
ticularly low for smoking (1.08%). Area-level education explained a significant proportion
of the variance when analyzing unhealthy eating habits and physical inactivity, but not for
problematic alcohol use. In the latter, we observed that individual demographic character-
istics explained almost half of the variance.

Table 4 also shows the results of logistic regression analysis. In the fully adjusted model,
residents of low education neighborhoods showed a 2.40 times higher chance of unhealthy
eating and 1.78 times higher chance of physical inactivity. Smoking and problematic alco-
hol use were not associated with area-level education.

Table 2. Prevalence of combinations of health risk behaviors in the adult population, Floriandpolis,
Brazil, 2009-2010.

Unhealthy diet .Phys.lc.al Prevalence (95%Cl)
inactivity
0 - - - -

8.2 (6.9-9.5)
: _ _ - " 1.3(0.8-1.8)
- - + - 1.2(0.7-1.7)
- + = - 24.0(22.0 - 26.0)
+ - = - 5.7 (4.6 - 6.8)
2 + + = - 30.6 (28.4-32.8)
+ = + - 0.5(0.1-0.7)
+ - = + 6.2(5.1-17.3)
- LS + - 1.3(0.8-1.8)
- + - + 3.2(2.3-4.0)
- - + + 0.2 (0.0-0.4)
3 + + + - 4.0(3.0-4.9)
o + - + 7.2 (5.9 -8.4)
+ - + + 0.4(0.1-0.6)
- + + + 2.6(1.9-3.3)
4 " + + + 3.4(2.6-4.3)
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The likelihood of individuals having two or three/four risk factors simultaneously was
higher among residents of low education neighborhoods (Table 3). In the crude analysis,
the odds of adults having three/four risk factors simultaneously was 5.90 times higher in
the residents of the least educated neighborhoods when compared to the reference group.
The association remained statistically significant (OR = 2.61; 95%CI 1.22 — 5.62) even after

Table 3. Association between area-level education and smoking, problematic use of alcohol,
unhealthy diet and physical inactivity, and variance estimates from multilevel models, Floriandpolis,
Brazil, 2009-2010.

education .
(mean years | Crude model OR Model 1 OR Model 2 OR Vgﬁ (t/o)
of schooling) (95%Cl) (95%Cl) (95%Cl) i
Smoking
>12 Reference Reference Reference
9-11 0.89 (0.65-1.23)  0.89(0.65-1.22) 0.66 (0.46 -0.92)
1.08 0.54 | 0.00
<8 1.22(0.86-1.73) | 1.18(0.83-1.69) 0.70(0.47 - 1.03)
AIC 11,837.7 11,366.1 10,915.7

Problematic use of alcohol

>12 Reference Reference Reference
9-11 1.25(0.80-1.96) | 1.08(0.69-1.68) 1.18(0.73-1.90)
7.1 6.61 3.80
<8 0.97 (0.63-1.47)  0.86(0.56-1.33)  0.97 (0.61 - 1.55)
AlIC 11,385.2 10,149.7 9,896.7
Unhealthy eating
>12 Reference Reference Reference
9-11 1.71(1.22-2.41) | 1.58(1.09-2.29) 1.34(0.95-1.89)
6.84 1.73 0.84
<8 3.25(2.17-4.87)  3.17(2.06 — 4.88) = 2.40 (1.58 — 3.66)
AIC 11,293.3 10,469.2 10,095.1

Physical inactivity

>12 Reference Reference Reference
9-11 1.29 (0.96 - 1.74) | 1.34(0.98-1.84) 1.07 (0.76 - 1.51)
7.79 458 | 5.19
<8 2.41 (1.65-3.50)  2.47 (1.67 -3.64) 1.78(1.19 -2.67)
AIC 16,210.0 15,542.4 14,674.5

AIC: Akaike's information criterion; OR: odds ratio; Cl: confidence interval; VPC: variance partition coefficient;
Model 1: adjusted by age, skin color and gender; Model 2: model 1 + individual-level education and equalized
household income; *adjusted by area-level education; **adjusted by area-level education, age, gender, skin
color, individual-level education, and equalized household income.
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adjustment for all individual variables. We tested for but did not find any statistical cross-
level interaction between the outcomes and sex, educational level.

DISCUSSION

The association between co-occurrence of behavior-related risk factors and area-level
education can be highlighted as the major find of this study. Regardless of personal socio-
economic and demographic characteristics, individuals residing in low education neighbor-
hoods had higher chances of reporting two or more risk factors simultaneously. We also
found that the prevalence of unhealthy eating and physical inactivity was higher among
neighborhoods with lower educational level. We observed a significant between-group vari-
ance for all risk factors, but smoking. Finally, area-level education explained a significant
proportion of this variance when analyzing unhealthy eating habits and physical inactivity.

Regarding the higher co-occurrence of risk factors in disadvantaged neighborhoods,
results reported in this Brazilian study corroborate the findings of two other researches

Table 4. Association between cumulative risk factors and area-level education, Floriandpolis,
Brazil, 2009-2010.

Area-level education (mean years of schoollng)

> 12 years OR 9-11 years OR <8years OR VPC (%)
(95%Cl) (95%Cl) (95%Cl)

Number of risk

factors

Crude analysis

1 risk factor Reference 1.40 (0.81-2.40) = 2.69 (1.32-5.46)
2 risk factors Reference 1.86 (1.06 - 3.24) = 5.48(2.83-10.6) 14.2 29,237.1
3to 4 risk factors Reference 1.87 (1.01 - 3.44)  5.90(2.92-11.89)

Model 1
1 risk factor Reference 1.31(0.76 -2.28)  2.68(1.33-5.40)
2 risk factors Reference 1.75(0.99-3.10) = 5.53(2.88-10.62) 14.1 27,959.6
3 to 4 risk factors Reference 1.65(0.87 -3.11) | 5.42(2.68-10.97)

Model 2
1 risk factor Reference 1.30(0.74-2.28) = 2.63(1.28-5.39)
2 risk factors Reference 1.43(0.82-2.48) 4.03(2.14-17.60) 13.8 26,741.2
3 to 4 risk factors Reference 1.08 (0.56 - 2.07) = 2.61(1.22-5.62)

AIC: Akaike's information criterion; OR: odds ratio; Cl: confidence interval; VPC: variance partition coefficient;
Model 1: adjusted by age, skin color and gender; Model 2: model 1 + individual-level education and equalized

household income.
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carried out in developed countries. After analyzing data from the Finnish population,
Halonen et al." reported higher likelihood of co-occurrence of three behavior-related risk
factors with increasing neighborhood deprivation. Similarly, Lakshman et al.'® analyzed
data of 26,290 English adults on physical activity, smoking, fruit consumption, and alco-
hol intake and found an inverse association between the co-occurrence of these risk factors
with neighborhood disadvantage. Other studies analyzing the association between neigh-
borhood socioeconomic status and health-related behaviors reported individual results for
each risk factor.

Different lines of reasoning have been raised to explain the association between neigh-
borhood socioeconomic status and health behaviors. One of them is related to better
physical structure found in more affluent neighborhoods. Studies have reported that
accessibility of facilities and opportunities for physical activity in the neighborhoods
are both associated with a higher level of physical activity'®, and physical activity facili-
ties are less often found in the most disadvantaged neighborhoods?**. According to van
Lenthe et al.??, there is a larger amount of police attention required to perform sports
activities in underprivileged neighborhoods, besides a poorer general physical design,
factors that help to explain socioeconomic inequalities in the physical activity observed
among neighborhoods. Higher demand for domestic work may decrease the opportuni-
ties of women who live in poor neighborhoods at engaging in physical activities during
their leisure time.

A similar pattern is observed when the offer of healthy food is analyzed. A review study
carried out by Larson et al.” analyzed 54 researches completed in the US between 1985
and 2008 and reported that people living in the poorest neighborhoods access less super-
markets and healthy food. Furthermore, there is higher availability of fast-food restaurants
and energy-dense foods in disadvantaged neighborhoods. Similar results were found in
Brazil, Europe and Oceania**”. According to a systematic review conducted by Pitt et al.*,
food availability, quality and food store characteristics greatly influence in-store purchases.
Therefore, the lower the availability of healthy foods, the less likely the population to con-
sume healthy food.

Additionally to the built environment factors, a context of higher levels of violence and
eventually lack of social capital in more disadvantaged neighborhoods may facilitate the
assumption of unhealthy behaviors, such as smoking and drinking, which makes other
healthy behaviors more difficult, such as the practice of physical activities. This body of
evidence highlights that it is harder to be healthy when living in underprivileged neighbor-
hoods, a situation that claims for strong public policy action.

Area-level education was highly associated with the co-occurrence of multiple risk
factors. Communities with higher level of education may be more capable of demand-
ing — and receiving — better public and private facilities from the government and private
sector. Another point that must be highlighted is the possible spillover effect of education.
Higher educated people are more likely to receive, interpret, and correctly implement health
orientations that are beneficial to them. In communities with higher proportion of highly
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educated people, this knowledge is easier, and its consequences spread and influence other
residents in the community.

This study has some limitations. Firstly, it is cross-sectional, so it is not possible to
declare the association between outcome and associated factors as causal. Second, there
may be an information bias. People may tend to report patterns of social behaviors,
such as smoking, alcohol use, physical activity and eating habits, which are more socially
accepted. In order to avoid such problem, we used validated questionnaires and carried
out interviews only in the participant and interviewer’s presence. In addition, the field
work team was trained not to judge or give any opinion about the participants’ answers.
Contextual educational data came from the 2000 Brazilian census, and information of
outcomes were collected in 2009/2010. The 2010 National Census, unfortunately, did not
collect data on the study years. This is another study limitation, notwithstanding the fact
that there is a latency time between neighborhood exposures and health effects”. The asso-
ciation between outcomes and exposures may be different for men and women, but our
study did not explore this dimension due to lack of sampling power. Finally, there may be
additional individual-level confounders not considered in this study that could have weak-
ened the observed associations.

As strengths of this study we can mention the high obtained response rate — equally
distributed among the income deciles of the census tracts —, the use of validated question-
naires, and the similar sample sociodemographic composition when compared with the
populational estimative made by the Instituto Brasileiro de Geografia e Estatistica (IBGE)
for the city.

CONCLUSIONS

Residing in low education neighborhoods increases the chances of reporting two or more
risk factors simultaneously. Prevalence of unhealthy eating and physical inactivity is higher
among lower education neighborhoods. There is a significant between-group variance for
all risk factors, except smoking. Chronic diseases are a major problem all over the world,
mainly outside the rich countries. Results reinforce the urgent need to broaden the scope
of public policies. To be more effective, besides individual characteristics, they should also
consider the environment in which people live.
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