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ABSTRACT

Keywords

Objectives. To determine clusters of individuals who present similar health behaviors in
terms of diet, physical activity, and sedentarism, in four countries of the Americas: Brazil
(2013), Chile (2009), Mexico (2012), and the United States of America (2013). This makes it
possible to determine which of these behaviors occur simultaneously, as well as the demographic
and sociodemographic characteristics associated with each cluster.

Methods. The individual-level data analyzed were drawn from national health interviews
and health examination surveys in Brazil, Chile, Mexico, and the United States, for different
time periods. Using international physical activity guidelines and national dietary guidelines,
the health behaviors of each individual were assessed. A latent class analysis was conducted to
classify individuals into clusters based on these behaviors, and was followed by multinomial
regressions to determine the characteristics of those in each class.

Results. Overall, most individuals belonged to the classes characterized by average or
unhealthy diets but sufficient amounts of physical activity. However, large differences exist
across countries and population groups. Men with higher socioeconomic characteristics were
globally more likely to belong to the least healthy class in each country.

Conclusions. Findings from this analysis support the implementation of more refined
policy actions to target specific unhealthy behaviors in different population groups, defined by
gender, age group, socioeconomic status, and, to some extent, place of residence. The at-risk
populations identified through this paper are those that should be targeted by upcoming
interventions.

Epidemiology; diet; life style; exercise; Americas.

In recent decades, unhealthy lifestyles
have fueled an epidemic of noncommu-
nicable diseases (NCDs) that are now the
first cause of health burden worldwide
(1). In the Americas, it is estimated that
over 200 million people are living with
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an NCD, and that NCDs are associated
with 79% of all deaths (2). The prevalence
of diabetes, cardiovascular diseases, and
other chronic diseases has increased sig-
nificantly, particularly in Latin American
countries (3). Meanwhile, diet quality has
deteriorated, and physical activity (PA)
has not risen, despite an increasing vol-
ume of public policies (4).

Lack of PA, high amounts of sedentary
behavior (SB), and low-quality diet are

well-known key risk factors for NCDs
(1). These behaviors have a dual effect. In
addition to being key risk factors for
NCDs, they are also key risk factors for
obesity (3), which in turn can lead to
NCDs. In 2014, approximately 58% of the
adult population in Latin America and
the Caribbean was overweight, includ-
ing 23% of obese people (5). Overweight
affects over 50% of the population in
nearly all the countries of Latin America
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and the Caribbean. In 2015, high body
mass index (BMI) led to over 4.5 million
deaths worldwide (1). This double path-
way to NCDs makes prevention of these
risk factors all the more crucial. This is
especially true since healthy dietary
choices and PA have all been proven to
be effective in the prevention and treat-
ment of NCDs (6).

Tackling major risk factors or NCDs
requires more than a single preventive
intervention; fundamental change can
only occur through wide-ranging strate-
gies that address multiple determinants
of health (such as diet and PA) (7). Fur-
thermore, cost-effectiveness of a preven-
tive measure is typically improved by
targeting a high-risk population (8). This
increases the proportion of individuals
who benefit and therefore the health ben-
efits gained per unit of money spent.

Policies must be tailored to fit the
needs of specific groups of people, to tar-
get multiple specific behaviors that may
vary across the population. These un-
healthy behaviors, as well as the subpop-
ulations that exhibit these behaviors, are
likely to be country-dependent. There-
fore, tailoring prevention policies to meet
the needs of different countries is key.

This paper aims to identify high-risk
groups, that is, ones that are most likely
to exhibit unhealthy dietary behaviors,
lack of PA, or excessive SB, as well as the
characteristics that define them, in four
countries of the Americas: Brazil (2013),
Chile (2009), Mexico (2012), and the
United States of America (2013). Find-
ings from this paper can be used to in-
form the tailoring of prevention policies
in these countries and to increase the ef-
fectiveness and cost-effectiveness of pop-
ulation-based actions to tackle unhealthy
behaviors and associated NCDs.

MATERIALS AND METHODS
Data

The analyses undertaken in the follow-
ing article are based on individual data,
which were drawn from national health
interviews and health examination sur-
veys from Brazil, Chile, Mexico, and the
United States. The data for Brazil were
drawn from the Pesquisa Nacional de
Satde (National Health Survey) (PNS)
2013. The dataset for Chile includes data
from the Encuesta Nacional de Salud
(National Health Survey) (ENS), and re-
fers to survey year 2009. Mexican data is
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from the Encuesta Nacional de Salud y
Nutricién (National Health and Nutri-
tion Survey) (ENSANUT) 2012. Finally,
the database for the United States in-
cludes the data from the National Health
and Nutrition Examination Survey
(NHANES) of 2013. The analyses were
performed using self-reported data on
dietary behaviors, PA, and SB.

Dietary habits were surveyed either
through a 24-hour recall (United States)
or food frequency questionnaires (Brazil,
Chile, and Mexico). The 24-hour recall
makes it possible to record precise data
on types and amounts of food consumed,
and from that extract daily nutrient in-
takes. The food frequency questionnaires
assess the frequency with which differ-
ent foods are consumed, on a daily or
weekly basis. The foods included in the
questionnaires differ by country. These
two approaches are validated, and are
widely used (9).

The PA questionnaires used in the dif-
ferent surveys resemble the General
Physical Activity Questionnaire (GPAQ)
(10), which was used for the NHANES,
or the International Physical Activity
Questionnaire (IPAQ) (11). Depending
on the country, PA was surveyed either
globally, without breaking it down into
categories, or by domain (leisure, trans-
port-related, work-related, and domestic
and gardening). Most questionnaires
also survey the intensity of the PA (vigor-
ous or moderate). SB was surveyed simi-
larly for Chile, Mexico, and the United
States, by asking the length of daily sed-
entarism on a “usual day.” For Brazil,
only daily television time was available,
which we used as a proxy.

Statistical analysis

Our analysis is based on latent class
analysis (LCA). LCAis a statistical tech-
nique that is used to sort individu-
als from a heterogeneous population
into homogenous unobservable (latent)
classes. The algorithm uses observable
variables (manifest variables) to sepa-
rate individuals into groups of people
who share similar characteristics, by
searching for the most frequent and
similar patterns among the distribu-
tions of these variables. The technique
produces latent class membership prob-
abilities, which list the probability of
belonging to each latent class, and the
item-response probabilities, which list
the probability of possessing a certain

manifest characteristic conditional on
latent class membership. These proba-
bilities are model based: they depend
on the model specification and esti-
mated parameters, and are therefore
called posterior probabilities. LCA has
been used to study the clustering of
risky behaviors in young people (12),
epidemiologic outcomes (13), and PA
and SB (14).

Variables concerning PA, SB, and diet
were used as the manifest variables. PA
was assessed by determining whether
the World Health Organization (WHO)
recommendations were met or not (15).
Sedentarism was assessed by determin-
ing whether daily SB was seven hours or
more, as risk of mortality increases sig-
nificantly beyond this threshold (16).
Consistent with previous studies (17),
for Brazil we established that an indi-
vidual exhibited excess SB if daily tele-
vision watching time was three hours or
more. Diet was evaluated differently de-
pending on the country. We followed the
most recent national guidelines pertain-
ing to each country included: Brazil (18),
Chile (19), Mexico (20), and the United
States (21).

To ensure that the best fitting latent
class model was selected for each coun-
try, models running from two to six
classes were estimated and compared.
The analysis produces the Akaike Infor-
mation Criterion (AIC), the Bayesian In-
formation Criterion (BIC), the Adjusted
Bayesian Information Criterion (ABIC),
the Consistent Akaike Information Crite-
rion (CAIC), as well as the G?, which is a
likelihood-ratio y? statistic that is similar
to the more renowned Pearson %2 The
AIC and BIC represent relative model fit.
Previous work shows that the AIC tends
to overestimate the number of classes
necessary, while the BIC tends to under-
estimate it (22). The ABIC adjusts on
sample size (23). When studying larger
samples, the most likely error is overfit-
ting, and it is best to use a more parsimo-
nious criterion such as the BIC (24);
furthermore, the CAIC has been shown
to behave similarly to the BIC in several
simulations (25). As the samples used for
our analyses were large (N > 2 000 for all
datasets), our models were chosen based
on the BIC and CAIC, as well as overall
interpretability of the resulting classes.

Additionally, 200 randomly selected
seeds were used to estimate each model.
The analysis produces the percentage of
seeds associated with the best fitted model,
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which is the percentage of iterations result-
ing in the highest log-likelihood. This num-
ber indicates whether the resulting model
most likely represents a local maximum
(low percentage), or a global maximum
(high percentage). A higher percentage in-
dicates that the model appears well identi-
fied (26). Entropy (between 0 and 1)
indicates level of separation of classes;
higher levels of entropy indicate better sep-
aration of latent classes. Weights were used
for all analyses, and were standardized
through the LCA plug-in.

After the LCAs were completed,
multinomial logistic regressions were
run, using latent class membership as the
dependent variable. The regressions were
conducted outside the scope of the LCA
plug-in, as this method was less time-con-
suming, and has been used in other stud-
ies (14). Individuals were assigned to the
latent class for which they had the highest
latent class membership probability. Age,
gender, socioeconomic status (SES), edu-
cation level, level of BMI as identified by
WHO thresholds (27), a geographic vari-
able (apart from for the United States),
and ethnicity (United States only) were
included in the regressions.

For Brazil and Chile, the geographic
variable indicates whether an individual
lives in a urban or rural area. For Brazil,
the variable was extracted from the orig-
inal national health survey database. For
Chile, the variable was created using
data from the National Statistics Institute
(Instituto Nacional de Estadisticas) (28);
regions whose rural population was
higher than the national average were
considered to be rural, while those whose
rural population was lower were consid-
ered to be urban. For Mexico, the vari-
able used was included in the original
database, and establishes a region as ru-
ral, urban, or metropolitan. No regional
variables were available for the United
States; however, an ethnicity variable
was included in the analysis: non-His-
panic white, non-Hispanic black, Mexi-
can-American, and other ethnicity.

For variables with a trend (level of ed-
ucation, SES, age), the reference chosen
for the regressions is the middle cate-
gory. After running the regressions, the
relative risk ratios (RRRs) were studied.
RRRs are comparable to odds ratios, as
they are the exponentiated parameters
resulting from the regressions.

All analyses were undertaken with
the Stata/MP 14.1 software package.
The LCAs were carried out using the
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DoLCA plug-in from the Methodology
Center at Penn State University (29).
This plug-in produces maximum likeli-
hood estimates for parameters using the
“expectation-maximization” (EM) algo-
rithm. It constructs the classes and pro-
duces the class membership probabilities
and item-response probabilities. All ob-
servations containing missing data for
the manifest variables were removed be-
fore estimation.

RESULTS

A total of 36 316 individuals for Brazil,
4 770 for Chile, 2 222 for Mexico, and
6 239 for the United States were included
in the study. To strengthen the analysis,
no individuals were excluded on the ba-
sis of age. The data for Brazil refer to ages
18-90; the data for Chile refer to ages 15-
100; the data for Mexico refer to ages 20-
69; and the data for the United States
refer to ages 12-80.

Across the different samples, men are
more numerous only in Brazil (Table 1).
In all countries, a larger share of the
population has high SES, while a low or
medium level of education is most prom-
inent in Brazil, Chile, and Mexico. In the
United States, non-Hispanic white peo-
ple represent the largest share of the
sample, followed by people of other eth-
nicities, non-Hispanic black people, and
Mexican American individuals. Those
living in rural areas represent 41% of the
sample or less in all countries. In all
countries, the majority of individuals
(between 57.0% and 70.3%) are over-
weight or obese. Mexico and the United
States have the highest levels of obesity.
More than half the population report
meeting the WHO recommendations for
PA in Chile, Mexico, and the United
States, while in Brazil fewer than 30%
reach the target. In Brazil, Chile, and
Mexico, most of the population displays
low SB, while in the United States less
than 50% of the sample does so.

The item-response probabilities result-
ing from the latent class analyses rep-
resent the probability for a member of a
latent class of meeting or exceeding the
recommendations in terms of diet, PA, or
SB. For instance, if the item-response
probability for high fruit and vegetable
(FV) consumption in class 1 is 0.15, as is
the case for class 1 in Brazil, then there is
a 15% chance that a member of class 1
consumes at least the recommended
minimum amount of FV. Therefore, a
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higher percentage for FV is positive, but
a higher percentage for sodium (for in-
stance, class 1 in the United States) is
negative. These item-response probabili-
ties are what are used to define and label
the different latent classes.

Supplementary Annex Table 1 dis-
plays the descriptive statistics for the key
variables of the study by country and la-
tent class. It must be noted that the share
of individuals in each latent class, as well
as the share of health-related behaviors,
are not the ones used to identify and la-
bel the different latent classes, as they are
simple weighted descriptive statistics
and not probabilities. This explains why
the rates do not always match the latent
class membership and item-response
probabilities presented below.

The choice of optimal number of latent
classes for each country was based on the
fit statistics resulting from the analysis
(Annex Table 2), as well as overall inter-
pretability of the classes.

The diet, PA, and SB patterns in each
latent model differ by country (Figure 1).
However, overall, classes are character-
ized by high probabilities of PA and low
probabilities of SB, with the exception
of one class in Chile, Mexico, and the
United States, in which PA is low and SB
is high, as well as two classes in Brazil,
in which PA is low but so is SB. In each
country, a least healthy latent class can be
identified (class 1 in all countries), based
on the probabilities of PA, sedentarism,
and dietary behaviors. However, healthi-
est classes can be more difficult to
pinpoint, as the balance between good
quality diet and levels of PA/SB can be
difficult to establish.

The final models chosen for Brazil,
Chile, and Mexico have three classes,
while the final model for the United
States has four classes.

The models for Chile and Mexico are
comparable (Panels b and c): one class
with a rather unhealthy diet, a low prob-
ability of sufficient PA and high probabil-
ity of excessive SB (class 1); one class that
displays a poor quality diet, but healthy
levels of PA and SB (class 2); and a final
class that is clearly the healthiest, with a
high probability of PA, a low probability
of SB, and a healthy diet (class 3). For
both countries, the second class has the
highest membership probability (82%),
while the third class represents 14% and
13% of the sample in Chile and Mexico,
respectively, and the first class represents
4% and 5%, respectively.
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TABLE 1. Descriptive statistics for Brazil (2013), Chile (2009), Mexico (2012), and the United States (2013), in study of patterns of
unhealthy diet and physical activity

Brazil Chile Mexico United States
(N =36 316) (N=4770) (N =2222) (N =6239)
Characteristic (%) (%) (%) (%)
Gender
Male 57.20 47.78 45.36 48.26
Female 42.80 52.22 54.64 51.74
Age (yr)
<20 4.00 11.29 NA? 12.79
20-34 38.66 26.55 37.08 24.48
35-49 34.57 30.09 35.39 23.50
50-64 19.96 19.94 22.59 23.14
65+ 2.83 1213 4.94 16.08
SESP
Low 35.01 33.21 33.10 37.65
Medium 20.10 31.42 19.03 14.34
High 44.89 35.37 47.87 48.01
Education
Low 40.11 33.49 6.69 14.39
Medium 37.79 43.92 69.94 21.80
High 22.10 22.59 23.37 63.82
Ethnicity
Non-Hispanic white NA NA NA 65.37
Non-Hispanic black NA NA NA 11.30
Mexican American NA NA NA 9.81
Other ethnicity NA NA NA 13.53
Rurality
Not rural 87.65 59.45 NA NA
Rural 12.35 40.55 25.22 NA
Urban NA NA 17.21 NA
Metropolitan NA NA 57.57 NA
Weight status
Normal weight (BMI¢ < 25) 43.01 35.39 29.68 34.20
Overweight (25 < BMI < 30) 37.32 39.33 35.11 30.86
Obese (BMI > 30) 19.67 25.28 35.21 34.94
Diet indicators®
High FVe intake ( > 5/day) 22.57 15.74 27.98 NA
High pulses intake 71.80 NA NA NA
High dairy intake 41.36 710 22.47 NA
High intake of foods of animal origin 70.50 NA 9.33 NA
High fish intake NA 10.60 NA NA
High cereals intake NA 14.22 NA NA
High intake of cereals/pulses NA NA 9.72 NA
High calorie intake NA NA NA 39.90
High fiber intake NA NA NA 12.07
High protein intake NA NA NA 79.82
High sodium intake NA NA NA 93.46
High intake of cholesterol and fat NA NA NA 81.17
Physical activity
Meet WHO' recommendations 29.32 72.07 84.65 57.19
Low sedentary behavior 76.40 85.10 91.02 46.80

Source: Prepared by the authors based on the study results.

“NA = not applicable.

"SES = socioeconomic status.

°BMI = body mass index.

dDescriptive statistics for diet indicators express whether consumption meets or exceeds recommendations.
°FV = fruits and vegetables.

fWHO = World Health Organization.
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TABLE 2. Results from multinomial regressions on latent class membership in Brazil, Chile, Mexico, and the United States®

Brazil (N = 35 762) Chile (N = 4 639) Mexico (N = 2 122) United States (N = 4 628)
Class/Characteristic RRR® SE¢ RRR SE RRR SE RRR SE
Class 1 Ref ¢ Ref. Ref. Ref.
Class 2
Gender
Male Ref. Ref. Ref. Ref.
Female 1.05 0.12 0.96 0.21 3.05%** 0.85 1.16 0.16
Age group (yr)
<20 1.78 0.74 0.30*** 0.09 NAe NA
20-34 0.94 0.12 0.92 0.34 0.77 0.26 1.00 0.20
35-49 Ref. Ref. Ref. Ref.
50-64 0.96 0.15 0.92 0.30 0.92 0.38 0.63* 0.12
65+ 2.34** 0.65 0.36*** 0.10 0.72 0.49 0.91 0.17
SES'
Low 0.77 0.13 1.30 0.30 0.89 0.37 117 0.25
Medium Ref. Ref. Ref. Ref.
High 117 0.20 0.48** 0.12 0.46* 0.18 0.75 0.17
Education
Low 0.72* 0.1 0.62* 0.14 0.75 0.56 1.41 0.28
Medium Ref. Ref. Ref. Ref.
High 0.68** 0.09 0.71 0.23 0.33** 0.11 0.88 0.15
Rurality
Not rural Ref. Ref. NA NA
Rural 0.50*** 0.10 1.21 0.28 1.77 0.66 NA
Urban NA NA 119 0.49 NA
Metropolitan NA NA Ref. NA
Ethnicity
Non-Hispanic white NA NA NA Ref.
Non-Hispanic black NA NA NA 1.56** 0.24
Mexican American NA NA NA 1.09 0.25
Other ethnicity NA NA NA 1.48* 0.25
Constants 0.04*** 0.0086 30.68*** 10.21 23.00%** 9.08 0.72 0.20
Class 3
Gender
Male Ref. Ref. Ref. Ref.
Female 1.38*** 0.11 2.46** 0.75 2.37* 0.82 0.67*** 0.08
Age group (yr)
<20 1.42 0.29 0.37* 0.17 NA NA
20-34 1.08 0.09 0.86 0.41 0.69 0.28 1.63** 0.25
35-49 Ref. Ref. Ref. Ref.
50-64 1.06 0.11 1.66 0.73 1.08 0.51 0.81 0.12
65+ 1.23 0.27 0.89 0.41 0.50 0.45 0.79 0.12
SES
Low 1.16 0.14 0.54 0.19 0.95 0.48 0.88 0.16
Medium Ref. Ref. Ref. Ref.
High 1.50%** 0.17 0.82 0.30 0.74 0.33 0.81 0.15
Education
Low 0.60*** 0.06 0.42* 0.15 0.34 0.31 1.51* 0.26
Medium Ref. Ref. Ref. Ref.
High 2.33*** 0.21 0.93 0.39 0.97 0.37 113 0.16
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TABLE 2. Continued
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Brazil (N = 35 762)

Chile (N = 4 639)

Mexico (N =2 122)

United States (N = 4 628)

Class/Characteristic RRR® SEe RRR SE RRR SE RRR SE

Rurality

Not rural Ref. Ref. NA NA

Rural 0.88 0.10 0.74 0.24 1.77 0.77 NA

Urban NA NA 0.61 0.28 NA

Metropolitan NA NA Ref. NA
Ethnicity

Non-Hispanic white NA NA NA Ref.

Non-Hispanic black NA NA NA 0.89 0.12

Mexican American NA NA NA 1.32 0.24

Other ethnicity NA NA NA 1.35* 0.19
Constant 0.05*** 0.0056 117 0.52 2.37 1.16 2.66™** 1.15

Class 4 NA NA NA

Gender

Male NA NA NA Ref.

Female NA NA NA 0.61*** 0.07
Age group (yr)

<20 NA NA NA NA

20-34 NA NA NA 1.33 0.21

35-49 NA NA NA Ref.

50-64 NA NA NA 0.81 0.13

65+ NA NA NA 0.66** 0.11
SES

Low NA NA NA 0.80 0.14

Medium NA NA NA Ref.

High NA NA NA 0.72 0.13
Education

Low NA NA NA 1.20 0.21

Medium NA NA NA Ref.

High NA NA NA 1.09 0.16
Rurality

Not rural NA NA NA NA

Rural NA NA NA NA

Urban NA NA NA NA

Metropolitan NA NA NA NA
Ethnicity

Non-Hispanic white NA NA NA Ref.

Non-Hispanic black NA NA NA 1.02 0.13

Mexican American NA NA NA 1.63** 0.30

Other ethnicity NA NA NA 1.14 0.16
Constant NA NA NA 3.09%** 0.69

Source: Prepared by the authors based on the study results.

a* = significant at the 5% level; ** = significant at the 1% level; *** = significant at the 0.1% level.

"RRR = relative risk ratio.
¢SE = standard error.
dRef. = reference.

¢NA =not applicable, when a certain category or class was not included for a particular country.

SES = socioeconomic status.
9The constant represents the intercept of the model.

Diet quality is overall higher in Brazil
than in Chile and Mexico, but the pattern
remains similar (Panel a). The third la-
tent class for Brazil (16% membership
probability) is the healthiest, with aver-
age levels of FV and dairy consumption,
the highest probability of sufficient PA

and lowest probability of excessive SB.
The two other classes display a low prob-
ability of PA, but also a low probability
of SB. The first class (75% probability)
exhibits the lowest probabilities of FV
and dairy consumption, but higher prob-
abilities for consumption of pulses and

foods of animal origin. They are also the
least likely to be sufficiently physically
active. Those in the second class (9%
probability of membership) are both the
biggest eaters and the most sedentary.
For the United States model, nutrients
and macronutrients rather than food

Rev Panam Salud Publica 42,2018
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FIGURE 1. ltem-response probabilities for various health-related behaviors across latent classes in Brazil (2013), Chile (2009),
Mexico (2012), and the United States (2013), in study of patterns of unhealthy diet and physical activity
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® PA = physical activity.
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TABLE 3. Summary of results, showing population groups with unhealthy dietary and physical activity patterns in Brazil (2013),

Chile (2009), Mexico (2012), and the United States (2013)

Country Least healthy latent class Low-quality diet

Brazil Males, under 65, with low education, living in a rural area Males, under 65, with low education, living in a rural area

Chile Males, under 20 or over 65, with low education, high SES? Aged 20-64, with low or medium SES, medium or high education
Mexico Males, with high education, high SES Females, with low or medium SES or education

United States Females, over 50, non-Hispanic white Males, aged 20-34, with low education, of other ethnicity

Source: Prepared by the authors based on the study results.
2SES =socioeconomic status.

categories were used to describe diet
quality (Panel d). The third and fourth
classes (42% and 31% probability, respec-
tively) display similar, healthy levels of
PA and SB; however, the third class dis-
plays low consumption of fiber and
calories, while the fourth class has the
highest consumption of those two diet
indicators. The second class (12% proba-
bility) is characterized by comparably
low probabilities of nutrient intakes and
PA, while the first latent class (15%
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membership probability) displays high
probabilities of excessive intake of pro-
tein, cholesterol/fat and sodium: virtu-
ally no PA: and excessive SB for all its
members.

Multinomial regressions made it pos-
sible to determine the possible links be-
tween latent class membership and other
sociodemographic characteristics (Table
2). The reference class for each country is
the class that was deemed least healthy
(class 1 in all countries).

Table 3 reports a summary of results. In
Brazil, men under 65 with a low level of
education living in a rural area are most
likely to display unhealthy patterns of
diet and PA. In Chile, men under 20 or
over 65, with low education or high SES,
are most at risk for unhealthy diet paired
with insufficient PA. In Mexico, men with
high SES and education are most likely to
present an unhealthy lifestyle, by con-
suming few healthy foods and by display-
ing very high levels of SB and low levels
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of PA. In the United States, non-Hispanic
white women over the age of 50 are most
likely to display unhealthy behaviors.

DISCUSSION

Results show that, overall, men with
higher socioeconomic characteristics are
more likely to be in the least healthy la-
tent classes. However, in Brazil, those
with low education are more likely to be
sorted into the least healthy class, while
in the United States, it is women who are
more likely to belong to the least healthy
latent class. In terms of low-quality diet,
those with lower socioeconomic attrib-
utes and in younger age groups are most
at risk.

In a policy perspective, these at-risk
populations are the ones that should be
targeted by interventions. In recent years,
many countries have been implementing
public policies encouraging a healthy
lifestyle. These policies include fiscal and
pricing measures, transport policies,
product reformulation, school-based and
worksite interventions, and more (4).
Communication policies, such as food la-
beling, and mass media and social media
campaigns, have also been shown to
have some impact. Very often, however,
these types of measures do not focus on
specific population groups but rather tar-
get indistinctly the whole population.

Findings from this analysis support
the implementation of more refined pol-
icy actions to target specific unhealthy
behaviors in different population groups,
defined by gender, age group, socioeco-
nomic status, and, to some extent, place
of residence. Our findings also indicate
that, consistently across countries, indi-
viduals with a lower socioeconomic sta-
tus are more likely to have an unhealthy
diet. Available evidence suggests that
upstream interventions, including com-
munity-based interventions and envi-
ronmental changes, would be particularly
effective in modifying dietary behaviors
and in tackling obesity in these popula-
tion groups (32, 33). Programs like “San-
tiago Sano” (34) meet many of the WHO
guiding principles for effective interven-
tions to prevent obesity and childhood
obesity, such as inclusivity and participa-
tion, environmental support, and multi-
sectoral engagement (35). Scaling up the
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implementation of similar interventions
in Latin American countries may further
support other ongoing actions to tackle
unhealthy behaviors in disadvantaged
population groups.

Further work is needed to understand
how policy actions can be adapted to
target specific population groups and
how the effectiveness of interventions
varies across population groups. Analyses
presented in this paper provide new in-
sights about the clustering of unhealthy
healthcare behaviors. However, with few
exceptions (e.g. price measures), there is
still limited knowledge about how differ-
ent population groups respond to the
same policy action. Future research
should focus on understanding which fac-
tors influence the effectiveness of policies
across population groups and on identify-
ing best practices to maximize the cost-
effectiveness of interventions.

A latent class analysis was conducted
to determine clusters of individuals who
present similar health behaviors, and es-
tablish their defining characteristics. Un-
like traditional cluster analysis, LCA is a
finite mixture model, meaning that it
builds clusters using a probabilistic
model rather than by calculating a dis-
tance (such as in principal component
analysis or multiple component analy-
sis). The model therefore possesses good-
ness of fit statistics, rendering evaluation
of the model possible.

In LCAs, data are often drawn from
small-scale surveys including only a cou-
ple hundred individuals. Here, the sam-
ple sizes range from 2 222 (Mexico) to
36 316 (Brazil), drawn from nationally
representative, internationally recog-
nized regular health surveys, represent-
ing four countries of the Americas.
Following this study, different behavioral
groups in each country, as well as their
characteristics, can now be distinguished
thanks to the multinomial regressions
run after the LCA. Running ordinal mul-
tinomial logistic regressions would have
led to interesting results as well, but it
would have required ordering the latent
classes, which we believe would have in-
troduced bias into the analyses.

Some limitations should be noted. The
dietary, PA, and SB data used in this study
are self-reported. The dietary data were
collected through 24-hour recalls (United

States) and food frequency questionnaires
(Brazil, Chile, and Mexico). The PA data
were retrieved either through the GPAQ
(United States) or similar questions. The
sedentarism data were retrieved through
questions on time spent sitting or on time
spent watching TV (Brazil). Self-reported
dietary data have some limitations due to
underestimation of the intake, recollec-
tion bias, and social desirability bias (30).
These drawbacks hold for self-reported
PA and sedentarism data, which may also
be unremarkable, intermittent, or inciden-
tal (31). Nonetheless, self-reported data is
widely used in the literature (30) as
datasets based on objective measures of
patterns of diet and PA are virtually non-
existent at the population level.

The latent class analysis was con-
ducted using the national dietary guide-
lines from the countries studied. The
data provided by the surveys sometimes
didn’t contain all the variables necessary
to fully test adherence to the recommen-
dations. For instance, the survey for
Chile didn’t include information on
pulses consumption, while the national
guidelines include this item. Neverthe-
less, we believe sufficient variables were
included to correctly assess diet quality.

Conclusions

The analyses in this paper have estab-
lished the subpopulations at highest risk
for unhealthy lifestyles in four countries,
based on their dietary, PA, and sedentar-
ism behaviors. As such, future policy ac-
tions aimed at increasing healthy
lifestyles should target these groups of
individuals.
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RESUMEN

Identificacion de pautas
poco saludables de
alimentacion y actividad

fisica en cuatro paises de la
Region de las Américas: un

analisis de clases latentes

Palabras clave

Objetivos. Determinar conglomerados de personas que presentan comportamientos
similares con respecto a la salud en materia de alimentacién, actividad fisica y vida
sedentaria en cuatro paises de la Region de las Américas: Brasil (2013), Chile (2009),
Estados Unidos de América (2013) y México (2012). Esto permite determinar cuéles de
estos comportamientos se presentan simultdneamente, asi como las caracteristicas
demograficas y sociodemogriéficas propias de cada conglomerado.

Meétodos. Los datos a nivel individual que se analizaron se obtuvieron de entrevistas
nacionales de salud y encuestas sobre eximenes de salud en Brasil, Chile, Estados
Unidos y México para diferentes periodos. Se evaluaron los comportamientos de cada
persona con respecto a la salud a partir de directrices de actividad fisica internacio-
nales y directrices alimentarias nacionales. Se realiz6 un andlisis de clases latentes
para clasificar a los personas en conglomerados basados en dichos comportamientos,
seguido de regresiones polindmicas para determinar las caracteristicas de los inte-
grantes de cada clase.

Resultados. En términos generales, la mayor parte de las personas pertenecian a las
clases caracterizadas por una alimentacién promedio o insalubre, pero con niveles
suficientes de actividad fisica. Sin embargo, hay grandes diferencias entre los distintos
paises y grupos poblacionales. Los hombres con las caracteristicas socioeconémicas
mas altas tenfan mas probabilidades en general de pertenecer a la clase menos
saludable de cada pafs.

Conclusiones. Los resultados de este andlisis apoyan la ejecuciéon de acciones de
politicas publicas mas refinadas, dirigidas a determinados comportamientos nocivos
en diferentes grupos poblacionales, definidos por género, grupo etario, nivel socioeco-
némico y, hasta cierto punto, lugar de residencia. Las proximas intervenciones deben
dirigirse a los grupos poblacionales en riesgo establecidos en este articulo.

Epidemiologia; dieta; estilo de vida; ejercicio; Américas.

RESUMO

Identificar padroes de
alimentacao pouco
saudavel e atividade fisica
em quatro paises das
Américas: analise de
classes latentes

Palavras-chave

Objetivos. Determinar aglomerados de individuos com comportamentos de satide
semelhantes quanto a alimentacao, atividade fisica e sedentarismo em quatro paises
das Américas: Brasil (2013), Chile (2009), México (2012) e Estados Unidos (2013) a fim
de determinar os comportamentos que ocorrem simultaneamente e as caracteristicas
demograficas e sociodemograficas associadas a cada aglomerado.

Meétodos. Os dados ao nivel do individuo analisados no estudo foram obtidos em
entrevistas de satide nacionais e pesquisas de satde realizadas no Brasil, Chile, México
e Estados Unidos em diferentes periodos. Os comportamentos de satide de cada indi-
viduo foram avaliados segundo as diretrizes internacionais de atividade fisica e as
diretrizes nacionais de alimentacdo. Foi realizada uma analise de classes latentes para
classificar os individuos em aglomerados de acordo com os comportamentos, seguida
da analise por regressdo polindmica para determinar as caracteristicas destes compor-
tamentos em cada classe.

Resultados. A maioria dos individuos pertencia a classes caracterizadas por alimen-
tagdo média ou pouco saudavel, porém com nivel suficiente de atividade fisica. No
entanto, existem grandes diferencas entre os paises e os grupos populacionais.
Verificou-se maior probabilidade de os individuos do sexo masculino de nivel socioe-
condmico mais alto pertencerem a classe menos saudavel em cada pais.

Conclusées. Os achados desta andlise apoiam a implementagao de acdes de politica
mais apuradas dirigidas a determinados comportamentos pouco saudaveis em dife-
rentes grupos populacionais, definidos por género, faixa etdria, condigdo socioecono-
mica e, em certa medida, local de residéncia. As popula¢des em risco identificadas no
estudo devem ser o principal alvo de intervengdes imediatas.

Epidemiologia; dieta; estilo de vida; exercicio; Américas.
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