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Abstract

Background

The major non-communicable chronic diseases (NCD) are associated with a small group of
modifiable lifestyle-related risk factors, including smoking, insufficient physical activity,
unhealthy eating, and alcohol abuse. In this study, we evaluated the co-occurrence and
clustering of the major NCD risk factors among Brazilian adolescents.

Methods

This cross-sectional study analyzed data of 101,607 adolescents from the Brazilian National
Survey of School Health (PeNSE) 2015. The risk factors included were: regular consump-
tion of ultra-processed foods, irregular consumption of fruits and vegetables, insufficient
physical activity, smoking, and alcohol consumption. Clustering was defined through the
ratio between observed and expected prevalences of combination of risk factors greater
than 1. Expected prevalence of the co-occurrence of risk factors was calculated from the
joint probability of the behaviors. Additionally, we examined the presence of at least four risk
factors according to socioeconomic characteristics.

Results

Of the 32 combinations of risk factors, 13 corresponded to clustering. We observed a strong
correlation between alcohol consumption and smoking, which were found together in 8 of
the 13 clusters identified. The most frequent combinations of risk factors involved unhealthy
eating and insufficient physical activity. Only 2.9% of the adolescents did not present any
risk behaviors, while 38.0%, 32.9%, 9.4% and 1.8% accumulated two, three, four and five
risk factors, respectively. The accumulation of risk factors was higher in girls, older adoles-
cents, those who did not live with both parents, children of less-educated mothers, students
attending public school, and residents of cities in more developed urban areas of the
country.
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Conclusions

The main risk factors for NCD are frequent and not randomly distributed among Brazilian
adolescents. Our results provide information for policymakers to target specific groups and
joint behavioral risk factors for health improvement in adolescents.

Introduction

Non-communicable diseases (NCD) are the leading cause of death worldwide and impact
both quality of life and social and economic development, particularly in low and middle-
income countries [1]. A recent analysis of the burden of disease showed that NCD have grown
significantly in Brazil between 1990 and 2016, and have become the leading cause of death and
years of life lost [2]. Similarly, the contribution of NCD risk factors to disability-adjusted life
years (DALY) sharply increased in this period. In 2016, the main risk factors that contributed
to DALY in Brazil were alcohol and drug use, high blood pressure, high body mass index,
inadequate diet, smoking and low physical activity [2].

These main risk behaviors are often acquired during adolescence and tend to remain in
adulthood [3, 4]. In addition, epidemiological studies suggest an association between risk fac-
tors during adolescence and the development of NCD later in life, regardless of exposures in
adulthood [5-7]. Therefore, it is important to monitor NCD risk factors in adolescents, includ-
ing their co-occurrence in the population, as risk factors can interact with each other, thereby
producing greater risk than the sum of individual risks [8-11].

Despite the increasing number of studies aimed at identifying how major NCD risk and
protective behaviors are related, the majority of the studies focus mainly on the adult popula-
tion [12-16] with some studies focusing on adolescents in developed countries [17-20]. The
literature in this field is highly heterogeneous, with different methodologies and risk factors
assessment and definition, and no consensus about which risk factors usually occur together
[21,22].

In Brazil, the co-existence of NCD risk factors among adolescents has been studied previ-
ously [23-27]. For example, clustering of risk factors including physical activity, sedentary
behavior, and diet has been reported using data from a school-based national and representa-
tive survey [25, 26]. Another study evaluated patterns of multiple health-related behaviors
including diet, physical activity, alcohol consumption, smoking, drug use, aggressive behavior,
and unsafe sex, exploring the correlation between these behaviors [27]. These studies provided
some evidence on how risk factors interact in Brazilian adolescents, but they did not provide
information regarding the prevalence and co-occurrence of all the four main risk factors for
NCD.

In this study, the two primary objectives were: 1) to evaluate the prevalence and clustering
of NCD risk factors (smoking, insufficient physical activity, unhealthy eating, and alcohol
abuse); and 2) to verify the co-occurrence of risk factors according to the sociodemographic
characteristics of Brazilian adolescents.

Methods
Design, study population, and data collection

We used data from the Brazilian National Survey of School Health (Pesquisa Nacional de
Satide do Escolar—PeNSE) 2015, a cross-sectional and representative survey of ninth grade
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students from public and private schools in Brazil [28]. PeNSE enrolled a total of 102,072 stu-
dents from 3,040 schools all over the country. The sample weight of each student was calcu-
lated to represent all students who attended classes regularly [29]. PeNSE collected data
through a structured questionnaire (self-administered), based on adaptations of the Global
School-Based Student Health Survey and the Youth Risk Behavior Surveillance System to the
reality of Brazil. Details of the sampling procedure, as well as the complete questionnaire, are
available elsewhere [28]. In this study, we used data from 101,607 students with complete
information on five NCD risk factors analyzed.

PeNSE was approved by the National Commission of Research Ethics (Comissdo Nacional
de Etica em Pesquisa—Conep), record no. 1.006.467. The survey was performed in accordance
with the Declaration of Helsinki and all participants gave their informed consent. The database
was made publicly available on a Brazilian Institute of Geography and Statistics website with-
out any information that could identify subjects.

Description of variables

The five risk factors used in this study were defined as presented in Table 1. The World Health
Organization (WHO) recommends 60 minutes a day of moderate to vigorous physical activity
for adolescents [30]. We adopted less than 300 minutes weekly as the cutoff point for physical
inactivity, which was previously validated [31]. Adolescents are more vulnerable than adults to
harms caused by tobacco and alcohol consumption [32, 33]. For this reason, the sale of tobacco
and alcohol are prohibited for this age group in Brazil. We considered any consumption of
tobacco and alcohol in the previous month a risk factor for NCD in adolescents. For dietary
risk factors, we have used the concept of ‘regular consumption’ (>5 times in the past week),
which was validated using 24-hour recall among adolescents [34]. Low consumption of fruits
and vegetables is strongly recognized by WHO as a risk factor for NCD [35], therefore, we
used the complementary idea of irregular consumption (<5 times in the past week) as the risk
factor [36]. On the other hand, the consumption of ultra-processed food has been recently sug-
gested to be related to low quality diet, obesity, and NCD [37-39]. Furthermore, the Brazilian

Table 1. Indicator of risk factors used in the present study.

Risk factor Assessment in the survey Definition applied
Insufficient physical Physical activity was estimated by multiplying | Physical activity for less than 300
activity the mean of time spent walking to school, minutes per week.

leisure physical activities and scholar physical
activities by the weekly frequency in the last 7

days.
Smoking Question about the frequency of smoking Smoking one or more days in the last
(number of days) in the previous month month.
Alcohol consumption Question about the frequency (number of days) | Alcohol consumption one or more
of consumption of at least one alcoholic drink | days in the month.
in the last 30 days.
Regular consumption of | Questions regarding the frequency of Consumption of any of the listed ultra-
ultra-processed foods consumption (number of days) of the following | processed items in five or more days in

ultra-processed food consumption in the last 7 | the week.
days: sweets, soft drinks and salty ultra-

processed foods (hamburger, ham, mortadella,

salami, sausage, hot dog sausage, instant

noodles, salty crackers).

Irregular consumption | Questions regarding the frequency Consumption of fruits or vegetables in
of fruits and vegetables | consumption (number of days) in the last 7 four or fewer days in the week.
days of fruits and vegetables.

https://doi.org/10.1371/journal.pone.0219370.t001
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Dietary Guideline recommends avoiding the consumption of ultra-processed foods [40]. For
this reason, we choose to consider consumption of ultra-processed foods > 5 days a week as a
risk factor.

The socioeconomic and demographic variables used in this study were: sex, age (<14 years,
14 to 16 years or >16 years), skin color (white or non-white), living arrangement (living with
both parents, only one of parent, or with neither parent), maternal education (no formal edu-
cation, incomplete primary education, complete primary education, high school or college),
type of school (public or private), type of municipality (capital or non-capital), area of munici-
pality (urban or rural), region of the country (less developed—North, Northeast, or more
developed—South, Southeast, Midwest), and goods and services score.

To calculate goods and services score, the following items were considered: landline phone,
cell phone, computer, automobile, internet service, access to household toilet and maid service
three or more days per week. Each item received a weight equivalent to the inverse of its preva-
lence in the sample. The score of the adolescents was the sum of the weights of their accessible
items [41]. For analysis, the goods and services score was divided into terciles.

Statistical analysis

For the statistical analysis in this study, risk factors were coded as binary variables (presence or
absence). The prevalence of co-occurrence of risk factors was calculated using the joint proba-
bility of the behaviors presented. The presence of clustering was studied using a comparison
between observed (O) and expected (E) prevalences. The expected prevalence for each combi-
nation was calculated by multiplying the probabilities of each defined risk factor, based on its
distribution in the studied population.

Thirty-two possible combinations of the five risk factors were studied. Clustering was
defined when a combination was more prevalent than expected, based on the prevalence of
each isolated risk, i.e. a combination in which the ratio O/E was greater than 1 [22]. Confi-
dence intervals (CI) for O/E ratios were obtained by Newton’s method assuming Poisson dis-
tribution [42], and we considered clusters those combinations in which 95% CI did not
contain the null value.

The variable maternal education, which originally had 27% missing data, was submitted to
multiple imputation by chained equations. Socioeconomic and risk variables served as predic-
tors in the imputation, because they would be part of subsequent analysis, as recommended in
the literature [43]. The imputed data presented satisfactory statistical reproducibility according
to the Monte Carlo error analysis [44].

Each of the risk factors and the accumulation of at least four of them were described accord-
ing to socioeconomic characteristics. The analyses were conducted using the Stata software
version 14.1 and Microsoft Excel and took the sample design into consideration.

Results

The most frequent risk factor among the students was irregular consumption of fruits and veg-
etables (80.7%), followed by insufficient physical activity (65.6%), regular consumption of
ultra-processed foods (60.6%), alcohol consumption (23.8%) and smoking (5.6%) (Table 2).

Insufficient physical activity, alcohol consumption and regular consumption of ultra-pro-
cessed foods were more frequent among girls than boys. Older adolescents presented higher
frequency of three of the five risk factors evaluated, with the exception of insufficient physical
activity and ultra-processed food consumption. Students whose mothers were more highly
educated showed lower frequency of all risk factors (insufficient physical activity, smoking,
and irregular consumption of fruits and vegetables), except regular ultra-processed food

PLOS ONE | https://doi.org/10.1371/journal.pone.0219370 July 3, 2019 4/13


https://doi.org/10.1371/journal.pone.0219370

@ PLOS | O N E Co-occurrence and clustering of non-communicable disease risk factors in Brazilian adolescents

Table 2. Prevalence of single risk factors in Brazilian adolescents, by socioeconomic variables. Brazilian National Survey of School Health (PeNSE), 2015.

Variables Prevalence of risk factors
Insufficient physical Smoking Alcohol consumption | Irregular consumption | Regular consumption of
activity of fruits and vegetables | ultra-processed foods
% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
Sex
Boys 56.1 55.1 57.0 5.8 5.3 6.3 22.4 21.7 23.2 80.6 79.9 81.2 57.6 56.8 58.4
Girls 74.6 73.7 75.5 53 4.9 5.8 25.1 24.3 25.9 80.8 80.1 81.5 63.4 62.5 64.3
Age
13 years or less 67.7 73.7 75.5 2.7 2.2 3.4 16.3 15.0 17.7 79.9 78.5 81.2 62.8 61.3 64.3
14-15 years 65.0 64.2 65.8 5.4 5.0 5.8 24.0 23.3 24.7 80.5 78.5 81.2 60.7 60.0 61.4
16 years or more 65.8 64.3 67.2 11.7 10.6 12.8 35.0 33.5 36.5 83.5 82.3 84.6 56.3 54.7 57.8
p trend 0.036 <0.001 <0.001 0.001 <0.001
Skin color
White 66.1 65.0 67.1 5.1 4.7 5.6 23.9 23.0 24.9 79.9 78.9 80.8 61.5 60.4 62.6
Non-white 65.3 64.4 66.1 5.8 5.4 6.2 23.7 23.0 24.4 81.2 80.6 81.7 60.1 59.3 60.8
Living with parents
Both parents 66.3 65.4 67.2 4.4 4.0 4.8 21.1 20.3 21.8 79.9 79.2 80.6 59.7 58.8 60.5
One parent 64.1 63.0 65.1 7.0 6.4 7.5 27.3 26.4 28.3 81.8 81.0 82.5 62.1 61.2 63.0
Neither parent 66.8 64.6 68.8 9.0 7.9 10.4 30.5 28.7 32.3 82.2 80.5 83.7 60.8 58.8 62.7
p trend 0.032 <0.001 <0.001 <0.001 0.001
Goods and service score
1 tercile 68.1 67.2 69.0 5.7 5.3 6.2 21.7 20.9 22.4 84.0 83.4 84.7 54.7 53.8 55.5
2 tercile 65.7 64.6 66.8 5.4 5.3 6.2 24.2 23.2 25.1 80.5 79.6 81.3 62.6 61.6 63.6
3 tercile 62.2 60.9 63.5 5.6 5.0 6.2 26.1 24.9 27.2 76.8 75.7 77.8 66.0 64.9 67.1
p trend <0.001 0.612 <0.001 <0.001 <0.001
Type of school
Private 65.6 64.1 67.1 3.6 3.0 4.3 21.2 19.6 23.0 78.5 76.8 80.1 65.6 64.0 67.1
Public 65.6 64.7 66.4 5.9 5.5 6.3 24.2 23.6 24.9 81.1 80.5 81.6 59.7 59.0 60.4
Area of municipality
Rural 75.4 73.4 77.3 4.2 3.5 5.0 20.8 19.1 22.6 83.1 81.7 84.4 48.8 46.6 51.0
Urban 64.7 63.9 65.5 5.7 5.3 6.1 24.1 23.4 24.7 80.5 79.9 81.0 61.7 61.0 62.3
Type of municipality
Non-capital 66.1 65.2 67.1 5.6 52 6.1 23.9 23.2 24.7 80.7 80.0 81.3 60.0 59.2 60.7
Capital 63.7 62.7 64.7 5.3 4.9 5.8 23.3 22.2 24.3 80.6 79.8 81.4 62.6 61.7 63.5
Geographic region
Less developed 69.2 68.4 69.9 4.5 4.2 4.8 20.2 19.5 20.9 83.5 83.0 84.1 55.3 54.5 56.2
More developed 63.4 62.3 64.5 6.2 5.7 6.8 25.9 25.1 26.8 79.0 78.2 79.8 63.7 62.8 64.5
Maternal education
No formal education 71.7 69.9 73.5 6.9 5.8 8.1 24.5 22.6 26.4 85.2 83.8 86.7 54.0 51.7 56.3
Incomplete middle school 68.3 67.1 69.4 5.9 5.3 6.6 24.2 23.1 25.2 84.4 83.5 85.4 57.3 56.2 58.5
Complete middle school 66.2 64.7 67.8 5.2 4.5 6.0 23.8 22.4 25.1 80.9 79.6 82.1 61.6 60.0 63.1
Complete high school 63.6 62.3 64.9 5.5 4.9 6.1 23.7 22.6 24.8 79.0 78.1 79.9 63.0 61.8 64.1
Complete higher education 61.2 59.7 62.8 4.9 4.1 5.6 23.0 21.5 24.5 75.5 74.0 76.9 63.5 62.1 65.0
p trend <0.001 0.003 0.181 <0.001 <0.001
Total 656 | 648 | 663 | 56 | 52 | 59 | 238 | 232 | 244 | 807 | 802 | 812 | 606 | 600 | 612

https://doi.org/10.1371/journal.pone.0219370.t002

consumption. Among students attending public schools, alcohol consumption, smoking, and
the irregular consumption of fruits and vegetables were more prevalent. The higher the tercile
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Table 3. Clustering pattern of risk factors in Brazilian adolescents. Brazilian National Survey of School Health (PeNSE), 2015.

Number of Presence of risk factors Expected Observed | Observed/
risk factors Insufficient Alcohol Irregular Regular consumption prevalence (%) | prevalence (%) | Expected
physical activity consumption | consumption of fruits | of ultra-processed prevalence (95%
and vegetables foods CDh

0.42 1.77 4.17 (3.98, 4.37)

0.22 0.95 4.26 (4.00, 4.54)

7.20 7.13 0.99 (0.97, 1.01)

1.36 0.48 0.35(0.32, 0.39)

0.1 0.24 2.36 (2.08, 2.68)

0.28 0.64 2.32(2.14,2.49)

3.78 3.90 1.03 (1.00, 1.06)

0.71 0.24 0.34 (0.30, 0.38)

0.05 0.23 4.31(3.80,4.91)

0.15 0.34 2.34(2.11, 2.60)

23.07 23.43 1.02 (1.00, 1.03)

1.72 1.20 0.70 (0.66, 0.74)

4.68 3.16 0.67 (0.65, 0.70)

0.33 0.06 0.18 (0.14, 0.23)

0.89 0.21 0.24 (0.21, 0.27)

0.07 0.09 1.35(1.08, 1.64)

0.21 0.01 0.06 (0.03, 0.10)

1.12 0.49 0.44 (0.40, 0.48)

15.01 18.5 1.23(1.21, 1.25)

5.52 4.88 0.88 (0.86, 0.91)

0.03 0.07 2.13 (1.69, 2.66)

0.46 0.14 0.30 (0.25, 0.35)

0.17 0.07 0.39 (0.30, 0.48)

2.46 1.63 0.66 (0.63, 0.70)

0.90 1.27 1.40 (1.33,1.48)

12.11 10.91 0.90 (0.88, 0.92)

3.59 3.28 0.91 (0.88, 0.94)

0.11 0.02 0.20 (0.12, 0.28)

0.59 0.67 1.14 (1.05, 1.23)

7.88 7.24 0.92 (0.90, 0.94)

2.90 3.82 1.32(1.28,1.36)

0 1.89 291 1.54 (1.49, 1.60)

The presence of a risk factor is shaded grey.

https://doi.org/10.1371/journal.pone.0219370.t003

of goods and services score, the lower the prevalence of insufficient physical activity and irreg-
ular consumption of fruits and vegetables. On the other hand, we found an inverse association
between the goods and services score and alcohol and ultra-processed food consumption.
Adolescents who did not live with their parents were more exposed to all the risk factors
assessed (Table 2).

Table 3 shows observed and expected prevalences, as well as the O/E, for all combinations
of the five risk factors. Of the 32 possibilities, 13 presented an O/E above 1, which corre-
sponded to clustering of risk factors. The combination of the five risk factors resulted in O/E
of 4.17 (95% CI 3.98 to 4.37), indicating that this cluster is 4-fold higher than the expected if
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these behaviors were independent. The highest O/E ratio was found for the combination of
smoking, alcohol and ultra-processed consumption (O/E 4.31; 95% CI 3.80 to 4.91).

The combination of alcohol consumption and smoking was found in 8 of the 13 clusters
identified by O>E, indicating a strong correlation between the two behaviors. The combina-
tions: 1) insufficient physical activity, irregular consumption of fruits and vegetables, and regu-
lar consumption of ultra-processed foods (23.4%); and 2) insufficient physical activity and
irregular consumption of fruits and vegetables (18.5%) were the most frequent, accounting for
about half of the adolescents. However, despite its high frequency, the O/E ratio of these com-
binations was close to 1, and one of the combinations was not statistically significant. Only
2.9% of the adolescents did not present any risk factor, while 38.0%, 32.9%, 9.4% and 1.8%
accumulated two, three, four and five, respectively. The presence of four or more risk factors
was higher among girls, older adolescents, those who did not live with both parents, children
of less-educated mothers, students attending public school, and residents of cities in more
developed urban areas of the country (Table 4).

Discussion

In the present study, which included more than 100,000 Brazilian adolescents, we found that
83% of the adolescents in the study accumulated two or more NCD risk factors. The accumula-
tion of four or more risk factors was higher in girls and in low socioeconomic groups. From
the 32 possible combinations of the included five risk factors, 13 clusters were identified, indi-
cating that these risk factors are not independently distributed in the population.

The co-occurrence of several risk factors related to NCD is not exclusive to Brazilian adoles-
cents. In Canada, a representative sample of adolescents aged 10 to 17 years showed that 65%
presented two or more risk factors, including insufficient physical activity, sedentary lifestyle,
smoking, alcohol consumption and high body mass index [17]. This scenario has also been
described in studies composed of adolescents in Brazilian cities and other countries [24, 45,
46].

The literature describes a large variability of analytical methods and inclusion of health
behaviors in studies involving risk factor clustering [21]. Nevertheless, our findings are similar
to those reported for the adult population: a strong correlation between alcohol and cigarette
smoking; identification of clusters with the presence of all risk factors; and, at the other
extreme, the absence of all risk factors, as well as the association of risk behaviors with social
disadvantaged groups [21].

We found a higher proportion of co-occurrence of risk factors in adolescents with low
socioeconomic characteristics, which should be highlighted. For instance, in Brazil, attending
public school is associated with lower household income [47]. The association between risk
factors and low level of maternal education may be related to income, but also reflect a lower
quality of care. Maternal education has been widely accepted in the literature as an important
factor in the health conditions of children [48-50]. Another feature associated with the accu-
mulation of risk factors that may reflect low socioeconomic status and care is family structure.
Single-parent families in the country are generally headed by women and tend to have lower
income [47]. For this reason, the possible workload outside and within the home could
adversely affect the time and quality of care offered to the adolescent.

Older adolescents were more likely to accumulate more than four risk factors. One possible
explanation is the greater chance of consuming alcohol and tobacco at an older age. However,
adolescents above 16 years fall outside the typical age for ninth grade, thus these students pos-
sibly have a history of grade retention and are more likely to present other characteristics of
social vulnerability. Grade retention in Brazil is more frequent among boys, blacks, lower
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Table 4. Prevalence of co-occurrence of four or five risk factors, by socioeconomic variables. Brazilian National

Survey of School Health (PeNSE), 2015.

Variables Co-occurrence of four or five risk factors
% 95% CI
Sex
Boys 9.0 8.5 9.5
Girls 13.3 12.7 13.9
Age
13 years or less 7.7 6.8 8.8
14-15 years 11.3 10.7 11.8
16 years or more 16.8 15.6 18.1
p trend <0.001
Skin color
White 11.1 10.4 11.9
Non-white 11.3 10.7 11.8
Living with parents
Both parents 9.6 9.1 10.1
One parent 13.3 12.6 14.1
Neither parent 15.3 13.8 16.9
ptrend <0.001
Goods and service score
1 tercile 10.3 9.8 10.9
2 tercile 11.9 11.2 12.7
3 tercile 11.7 10.9 12.4
p trend 0.002
Type of school
Private 9.8 8.9 10.8
Public 11.4 10.9 12.0
Area of municipality
Rural 8.9 7.9 10.0
Urban 11.4 10.9 11.9
Type of municipality
Non-capital 11.3 10.8 11.9
Capital 10.9 10.3 11.6
Geographic region
Less developed 9.2 8.8 9.7
More developed 12.4 11.7 13.1
Maternal education
No formal education 12.5 11.0 14.0
Incomplete middle school 11.8 10.9 12.7
Complete middle school 11.1 10.0 12.1
Complete high school 11.2 10.3 12.0
Complete higher education 9.9 9.0 10.9
p trend 0.003
Total 11.2 10.8 | 11.7

https://doi.org/10.1371/journal.pone.0219370.t004

social classes, students whose parents have lower levels of education and among those whose

parents do not attend school meetings nor support the accomplishment of tasks [51]. Also
noteworthy is the higher prevalence of co-occurrence of risk factors in females. In Brazil,
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although women have higher life expectancy than men, they live longer with poorer health
than men [52]. In fact, early exposure to risk factors tends to aggravate this situation, highlight-
ing the need for NCD prevention among women.

Our study included a representative sample of adolescents enrolled in the ninth year of
middle school. Brazil is a middle-income country with broad coverage for basic education.
Access to education for the population aged 6 to 14 years and 15 to 19 years of age is 97.4%
and 87.7%, respectively [53]. Therefore, it is plausible that our results may be applicable to all
Brazilian adolescents in the studied age group. However, it is important to note that out-of-
school adolescents may present a different exposure profile of the risk behaviors investigated.
In addition, PeNSE included in its sample only schools with at least 15 students in the ninth
grade and daytime classes. The exclusion of small schools and night classes may have led to
selection bias. The impact of this bias in our results is difficult to predict.

PeNSE had a high response rate, with the exception of the variable maternal education, for
which multiple imputation was performed. Although we considered only the students who
answered all the original questions regarding the five risk factors, the loss was small (0.5%) and
the characteristics of the sample remained similar and, therefore, generalizable for the Brazil-
ian adolescent population. The excluded students, however, were different from the total of
PeNSE, with a higher proportion of boys, adolescents over 16 years, those with mothers who
did not study or did not complete elementary education, in the first tercile of goods and ser-
vices score and those attending public schools.

It is important to note that this study was based on self-reported behaviors, which may have
led to information bias, possibly underestimating the prevalence of risk behaviors. However,
students were informed that the questionnaire was anonymous, and they answered directly
from their smartphones, which may have reduced information bias. Another limitation is the
dichotomization of the "risk/non-risk" behavior required for the analysis performed, which
may have led to loss of information.

The clusters found in our study may indicate some forms of intervention to reduce these
risk factors. The strong association between smoking and alcohol consumption among
adolescents suggests that interventions related to these substances could occur simulta-
neously. Also, considering the age group and the low prevalence of consumption compared
to adults, interventions should be mainly directed towards delaying experimentation.
Although the sale and distribution of alcohol are prohibited to adolescents under 18 years
in Brazil, alcoholic beverages still seem to be accessible. Thus, greater control and lower
exposure to alcohol among adolescents may also affect smoking, since both substances are
highly correlated.

On the other hand, the weak association identified among food related-risk factors indicates
that actions in this area should cover two fronts: 1) the promotion of healthy and traditional
food consumption; and 2) the avoidance of ultra-processed food consumption. Time trend
data from PeNSE food consumption showed that, between 2009 and 2012, there was a decrease
in the frequency of snacks and soft drinks consumption, although fruits and beans have also
decreased in the same period [54].

Our results suggest possibilities of interventions related to NCD risk factors. Intervention-
focused studies are needed to assess the impact of comprehensive actions on the reduction of
cluster of risk factors. Even though NCD are a problem faced mainly by adults and the elderly,
it is increasingly occurring at a much younger age [55, 56], impacting lower socioeconomic
groups in a disproportionate manner [36]. Thus, prevention strategies should consider the
first stages of life and be directed towards the population most exposed to the main risk
factors.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219370 July 3, 2019 9/13


https://doi.org/10.1371/journal.pone.0219370

@ PLOS|ONE

Co-occurrence and clustering of non-communicable disease risk factors in Brazilian adolescents

Author Contributions

Conceptualization: Camila Zancheta Ricardo, Catarina Machado Azeredo, Renata Bertazzi
Levy.
Formal analysis: Camila Zancheta Ricardo, Leandro Fornias Machado de Rezende.

Methodology: Camila Zancheta Ricardo, Catarina Machado Azeredo, Leandro Fornias
Machado de Rezende, Renata Bertazzi Levy.

Supervision: Renata Bertazzi Levy.
Writing - original draft: Camila Zancheta Ricardo.

Writing - review & editing: Camila Zancheta Ricardo, Catarina Machado Azeredo, Leandro
Fornias Machado de Rezende, Renata Bertazzi Levy.

References
1. WHO. Global status report on noncommunicable diseases 2014. Geneva: World Health Organization,
2014.

2. Collaborators GB. Burden of disease in Brazil, 1990—2016: a systematic subnational analysis for the
Global Burden of Disease Study 2016. Lancet. 2018. Epub 2018/07/19. https://doi.org/10.1016/S0140-
6736(18)31221-2 PMID: 30037735.

3. Paavola M, Vartiainen E, Haukkala A. Smoking, alcohol use, and physical activity: a 13-year longitudinal
study ranging from adolescence into adulthood. J Adolesc Health. 2004; 35(3):238—44. https://doi.org/
10.1016/j.jadohealth.2003.12.004 PMID: 15313507.

4. WHO. Health for the world’s adolescents: a second chance in the second decade. Geneva: World
Health Organization, 2014.

5. Nimptsch K, Malik VS, Fung TT, Pischon T, Hu FB, Willett WC, et al. Dietary patterns during high school
and risk of colorectal adenoma in a cohort of middle-aged women. Int J Cancer. 2014; 134(10):2458—
67. Epub 2013/11/25. https://doi.org/10.1002/ijc.28578 PMID: 24493161; PubMed Central PMCID:
PMC3949134.

6. Tirosh A, Shail, Afek A, Dubnov-Raz G, Ayalon N, Gordon B, et al. Adolescent BMI trajectory and risk
of diabetes versus coronary disease. N Engl J Med. 2011; 364(14):1315-25. https://doi.org/10.1056/
NEJMoa1006992 PMID: 21470009; PubMed Central PMCID: PMC4939259.

7. Rezendel, Lee D, Keum N, Nimptsch K, Song M, Lee |, et al. Physical activity during adolescence and
risk of colorectal adenoma later in life: results from the Nurses Health Study Il. British Journal of Cancer.
2019 (In press).

8. Luoto R, Prattala R, Uutela A, Puska P. Impact of Unhealthy Behaviors on Cardiovascular Mortality in
Finland, 1978-1993. Preventive Medicine. 1998; 27(1):93—100. https://doi.org/10.1006/pmed.1997.
0249 PMID: 9465359

9. Slattery ML, Potter JD. Physical activity and colon cancer: confounding or interaction? Med Sci Sports
Exerc. 2002; 34(6):913-9. Epub 2002/06/06. PMID: 12048315.

10. Schlecht NF, Franco EL, Pintos J, Negassa A, Kowalski LP, Oliveira BV, et al. Interaction between
tobacco and alcohol consumption and the risk of cancers of the upper aero-digestive tract in Brazil. Am
J Epidemiol. 1999; 150(11):1129-37. https://doi.org/10.1093/oxfordjournals.aje.a009938 PMID:
10588073.

11.  Ferreira Antunes JL, Toporcov TN, Biazevic MG, Boing AF, Scully C, Petti S. Joint and independent
effects of alcohol drinking and tobacco smoking on oral cancer: a large case-control study. PLoS One.
2013; 8(7):€68132. Epub 2013/07/10. https://doi.org/10.1371/journal.pone.0068132 PMID: 23874521;
PubMed Central PMCID: PMC3707956.

12.  Schuit AJ, van Loon AJ, Tijhuis M, Ocké M. Clustering of lifestyle risk factors in a general adult popula-
tion. Prev Med. 2002; 35(3):219-24. PMID: 12202063.

13. Benzies KM, Wangby M, Bergman LR. Stability and change in health-related behaviors of midlife Swed-
ish women. Health Care Women Int. 2008; 29(10):997-1018. https://doi.org/10.1080/
07399330802269675 PMID: 18821211.

14. Del Duca GF, Silva KS, Garcia LM, de Oliveira ES, Nahas MV. Clustering of unhealthy behaviors in a
Brazilian population of industrial workers. Prev Med. 2012; 54(3—4):254—8. Epub 2012/02/17. https:/
doi.org/10.1016/j.ypmed.2012.02.005 PMID: 22369951.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219370 July 3, 2019 10/13


https://doi.org/10.1016/S0140-6736(18)31221-2
https://doi.org/10.1016/S0140-6736(18)31221-2
http://www.ncbi.nlm.nih.gov/pubmed/30037735
https://doi.org/10.1016/j.jadohealth.2003.12.004
https://doi.org/10.1016/j.jadohealth.2003.12.004
http://www.ncbi.nlm.nih.gov/pubmed/15313507
https://doi.org/10.1002/ijc.28578
http://www.ncbi.nlm.nih.gov/pubmed/24493161
https://doi.org/10.1056/NEJMoa1006992
https://doi.org/10.1056/NEJMoa1006992
http://www.ncbi.nlm.nih.gov/pubmed/21470009
https://doi.org/10.1006/pmed.1997.0249
https://doi.org/10.1006/pmed.1997.0249
http://www.ncbi.nlm.nih.gov/pubmed/9465359
http://www.ncbi.nlm.nih.gov/pubmed/12048315
https://doi.org/10.1093/oxfordjournals.aje.a009938
http://www.ncbi.nlm.nih.gov/pubmed/10588073
https://doi.org/10.1371/journal.pone.0068132
http://www.ncbi.nlm.nih.gov/pubmed/23874521
http://www.ncbi.nlm.nih.gov/pubmed/12202063
https://doi.org/10.1080/07399330802269675
https://doi.org/10.1080/07399330802269675
http://www.ncbi.nlm.nih.gov/pubmed/18821211
https://doi.org/10.1016/j.ypmed.2012.02.005
https://doi.org/10.1016/j.ypmed.2012.02.005
http://www.ncbi.nlm.nih.gov/pubmed/22369951
https://doi.org/10.1371/journal.pone.0219370

@ PLOS|ONE

Co-occurrence and clustering of non-communicable disease risk factors in Brazilian adolescents

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

Bryant J, Bonevski B, Paul CL, Lecathelinais CL. A cross-sectional survey of health risk behaviour clus-
ters among a sample of socially disadvantaged Australian welfare recipients. Aust N Z J Public Health.
2013; 37(2):118-23. https://doi.org/10.1111/1753-6405.12028 PMID: 23551469.

Steele EM, Claro RM, Monteiro CA. Behavioural patterns of protective and risk factors for non-commu-
nicable diseases in Brazil. Public Health Nutr. 2014; 17(2):369-75. Epub 2013/01/11. https://doi.org/10.
1017/S1368980012005472 PMID: 23308392.

Alamian A, Paradis G. Clustering of chronic disease behavioral risk factors in Canadian children and
adolescents. Prev Med. 2009; 48(5):493-9. Epub 2009/02/27. https://doi.org/10.1016/j.ypmed.2009.
02.015 PMID: 19254742.

Dodd LJ, Al-Nakeeb Y, Nevill A, Forshaw MJ. Lifestyle risk factors of students: a cluster analytical
approach. Prev Med. 2010; 51(1):73-7. Epub 2010/04/10. https://doi.org/10.1016/j.ypmed.2010.04.
005 PMID: 20385163.

Hardy LL, Grunseit A, Khambalia A, Bell C, Wolfenden L, Milat AJ. Co-occurrence of obesogenic risk
factors among adolescents. J Adolesc Health. 2012; 51(3):265—71. Epub 2012/03/03. https://doi.org/
10.1016/j.jadohealth.2011.12.017 PMID: 22921137.

Busch V, Van Stel HF, Schrijvers AJ, de Leeuw JR. Clustering of health-related behaviors, health out-
comes and demographics in Dutch adolescents: a cross-sectional study. BMC Public Health. 2013;
13:1118. Epub 2013/12/07. https://doi.org/10.1186/1471-2458-13-1118 PMID: 24305509; PubMed
Central PMCID: PMC3890495.

Noble N, Paul C, Turon H, Oldmeadow C. Which modifiable health risk behaviours are related? A sys-
tematic review of the clustering of Smoking, Nutrition, Alcohol and Physical activity (SNAP’) health risk
factors. Prev Med. 2015; 81:16—41. Epub 2015/07/17. https://doi.org/10.1016/j.ypmed.2015.07.003
PMID: 26190368.

McAloney K, Graham H, Law C, Platt L. A scoping review of statistical approaches to the analysis of
multiple health-related behaviours. Prev Med. 2013; 56(6):365—71. Epub 2013/03/18. https://doi.org/10.
1016/j.ypmed.2013.03.002 PMID: 23518213.

Tassitano RM, Dumith SC, Chica DAG, Tenério MCM. Aggregation of the four main risk factors to non-
communicable diseases among adolescents. Revista Brasileira de Epidemiologia. 2014; 17:465-78.
PMID: 24918417

Nunes HE, Gongalves EC, Vieira JA, Silva DA. Clustering of Risk Factors for Non-Communicable Dis-
eases among Adolescents from Southern Brazil. PLoS One. 2016; 11(7):e0159037. Epub 2016/07/19.
https://doi.org/10.1371/journal.pone.0159037 PMID: 27434023; PubMed Central PMCID:
PMC4951139.

Maia EG, Mendes LL, Pimenta AM, Levy RB, Claro RM. Cluster of risk and protective factors for obesity
among Brazilian adolescents. Int J Public Health. 2018; 63(4):481-90. Epub 2017/11/15. https://doi.
org/10.1007/s00038-017-1053-7 PMID: 29143071.

Matias TS, Silva KS, Silva JAD, Mello GT, Salmon J. Clustering of diet, physical activity and sedentary
behavior among Brazilian adolescents in the national school—based health survey (PeNSE 2015).
BMC Public Health. 2018; 18(1):1283. Epub 2018/11/21. https://doi.org/10.1186/s12889-018-6203-1
PMID: 30463537; PubMed Central PMCID: PMC6249930.

Azeredo CM, Levy RB, Peres MF, Menezes PR, Araya R. Patterns of health-related behaviours among
adolescents: a cross-sectional study based on the National Survey of School Health Brazil 2012. BMJ
Open. 2016; 6(11):e011571. Epub 2016/11/10. https://doi.org/10.1136/bmjopen-2016-011571 PMID:
28186927; PubMed Central PMCID: PMC5128904.

Oliveira MMd, Campos MO, Andreazzi MARd, Malta DC. Caracteristicas da Pesquisa Nacional de
Saude do Escolar—PeNSE. Epidemiologia e Servigos de Saude. 2017; 26:605—-16. https://doi.org/10.
5123/S1679-49742017000300017 PMID: 28977184

Brasil. Pesquisa Nacional de Saude do Escolar 2012. Rio de Janeiro: Instituto Brasileiro de Geografia
e Estatistica, 2013.

WHO. Global recommendations on physical activity for health. Geneva: World Health Organization,
2010.

Tavares LcF Castro IsRRd, Cardoso LcO Levy RB, Claro RM Oliveira AFd. Validade de indicadores de
atividade fisica e comportamento sedentario da Pesquisa Nacional de Saude do Escolar entre adoles-
centes do Rio de Janeiro, Brasil. Cadernos de SaA’de PA’blica. 2014; 30:1861-74.

WHO. Global status report on alcohol and health 2014. Geneva: World Health Organization, 2014.

Yuan M, Cross SJ, Loughlin SE, Leslie FM. Nicotine and the adolescent brain. J Physiol. 2015; 593
(16):3397—412. Epub 2015/06/23. https://doi.org/10.1113/JP270492 PMID: 26018031; PubMed Central
PMCID: PMC4560573.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219370 July 3, 2019 11/13


https://doi.org/10.1111/1753-6405.12028
http://www.ncbi.nlm.nih.gov/pubmed/23551469
https://doi.org/10.1017/S1368980012005472
https://doi.org/10.1017/S1368980012005472
http://www.ncbi.nlm.nih.gov/pubmed/23308392
https://doi.org/10.1016/j.ypmed.2009.02.015
https://doi.org/10.1016/j.ypmed.2009.02.015
http://www.ncbi.nlm.nih.gov/pubmed/19254742
https://doi.org/10.1016/j.ypmed.2010.04.005
https://doi.org/10.1016/j.ypmed.2010.04.005
http://www.ncbi.nlm.nih.gov/pubmed/20385163
https://doi.org/10.1016/j.jadohealth.2011.12.017
https://doi.org/10.1016/j.jadohealth.2011.12.017
http://www.ncbi.nlm.nih.gov/pubmed/22921137
https://doi.org/10.1186/1471-2458-13-1118
http://www.ncbi.nlm.nih.gov/pubmed/24305509
https://doi.org/10.1016/j.ypmed.2015.07.003
http://www.ncbi.nlm.nih.gov/pubmed/26190368
https://doi.org/10.1016/j.ypmed.2013.03.002
https://doi.org/10.1016/j.ypmed.2013.03.002
http://www.ncbi.nlm.nih.gov/pubmed/23518213
http://www.ncbi.nlm.nih.gov/pubmed/24918417
https://doi.org/10.1371/journal.pone.0159037
http://www.ncbi.nlm.nih.gov/pubmed/27434023
https://doi.org/10.1007/s00038-017-1053-7
https://doi.org/10.1007/s00038-017-1053-7
http://www.ncbi.nlm.nih.gov/pubmed/29143071
https://doi.org/10.1186/s12889-018-6203-1
http://www.ncbi.nlm.nih.gov/pubmed/30463537
https://doi.org/10.1136/bmjopen-2016-011571
http://www.ncbi.nlm.nih.gov/pubmed/28186927
https://doi.org/10.5123/S1679-49742017000300017
https://doi.org/10.5123/S1679-49742017000300017
http://www.ncbi.nlm.nih.gov/pubmed/28977184
https://doi.org/10.1113/JP270492
http://www.ncbi.nlm.nih.gov/pubmed/26018031
https://doi.org/10.1371/journal.pone.0219370

@ PLOS|ONE

Co-occurrence and clustering of non-communicable disease risk factors in Brazilian adolescents

34.

35.

36.

37.

38.

39.

40.
41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Tavares LF, Castro IR, Levy RB, Cardoso LO, Passos MD, Brito FoS. [Relative validity of dietary indica-
tors from the Brazilian National School-Based Health Survey among adolescents in Rio de Janeiro, Bra-
zil]. Cad Saude Publica. 2014; 30(5):1029—41. PMID: 24936819.

WHO. Diet, nutrition and the prevention of chronic diseases: report of a joint WHO/FAO expert consulta-
tion. Geneva: World Health Organization, 2003.

Azeredo CM, de Rezende LFM, Mallinson PAC, Ricardo CZ, Kinra S, Levy RB, et al. Progress and set-
backs in socioeconomic inequalities in adolescent health-related behaviours in Brazil: results from three
cross-sectional surveys 2009—-2015. BMJ Open. 2019; 9(3):e025338. Epub 2019/03/23. https://doi.org/
10.1136/bmjopen-2018-025338 PMID: 30904861; PubMed Central PMCID: PMC6475167.

da Costa Louzada ML, Baraldi LG, Steele EM, Martins APB, Canella DS, Moubarac J-C, et al. Con-
sumption of ultra-processed foods and obesity in Brazilian adolescents and adults. Preventive medi-
cine. 2015; 81:9-15. https://doi.org/10.1016/j.ypmed.2015.07.018 PMID: 26231112

da Costa Louzada ML, Ricardo CZ, Steele EM, Levy RB, Cannon G, Monteiro CA. The share of ultra-
processed foods determines the overall nutritional quality of diets in Brazil. Public health nutrition. 2018;
21(1):94-102. https://doi.org/10.1017/S1368980017001434 PMID: 28714425

Monteiro CA, Cannon G, Moubarac JC, Levy RB, Louzada MLC, Jaime PC. The UN Decade of Nutri-
tion, the NOVA food classification and the trouble with ultra-processing. Public Health Nutr. 2018; 21
(1):5-17. Epub 2017/03/21. https://doi.org/10.1017/S1368980017000234 PMID: 28322183.

Brasil. Dietary Guidelines for the Brazilian Population. Brasilia: Ministry of Health of Brazil; 2015.

Levy RB, Castro IRRd, Cardoso LdO, Tavares LF, Sardinha LMV, Gomes FdS, et al. Consumo e com-
portamento alimentar entre adolescentes brasileiros: Pesquisa Nacional de Saude do Escolar
(PeNSE), 2009. Ciéncia & Saude Coletiva. 2010; 15:3085-97.

StataCorp. Stata 14 Base Reference Manual. C |I—Confidence intervals for means, proportions, and
variances. Texas: Stata Press; 2015.

Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Multiple imputation for missing
data in epidemiological and clinical research: potential and pitfalls. BMJ. 2009; 338:b2393. Epub 2009/
06/29. https://doi.org/10.1136/bmj.b2393 PMID: 19564179; PubMed Central PMCID: PMC2714692.

Royston P, White IR. Multiple Imputation by Chained Equations (MICE): Implementation in Stata. 2011.
2011; 45(4):20. Epub 2011-12-12. https:/doi.org/10.18637/jss.v045.i04

Idowu A, Fatusi AO, Olajide FO. Clustering of behavioural risk factors for non-communicable diseases
(NCDs) among rural-based adolescents in south-west Nigeria. Int J Adolesc Med Health. 2016; 30(1).
Epub 2016/06/14. https://doi.org/10.1515/ijamh-2016-0008 PMID: 27299197.

Caleyachetty R, Echouffo-Tcheugui JB, Tait CA, Schilsky S, Forrester T, Kengne AP. Prevalence of
behavioural risk factors for cardiovascular disease in adolescents in low-income and middle-income
countries: an individual participant data meta-analysis. Lancet Diabetes Endocrinol. 2015; 3(7):535—44.
Epub 2015/05/06. https://doi.org/10.1016/S2213-8587(15)00076-5 PMID: 25957731.

Brasil. Sintese de indicadores sociais: Uma andlise das condi¢des de vida da populagéo brasileira
2014. Rio de Janeiro: Instituto Brasileiro de Geografia e Estatistica, 2014.

Monteiro CA, Benicio MHDA, Konno SC, Silva ACFd, Lima ALLd, Conde WL. Causas do declinio da
desnutricao infantil no Brasil, 1996—2007. Revista de Saude Publica. 2009; 43:35-43. https://doi.org/
10.1590/s0034-89102009000100005 PMID: 19169574

Santos SL, Santos LB, Campelo V, Silva AR. Factors Associated with Infant Mortality in a Northeastern
Brazilian Capital. Rev Bras Ginecol Obstet. 2016; 38(10):482—91. Epub 2016/07/19. https://doi.org/10.
1055/5-0036-1584686 PMID: 27427868.

Muthuri SK, Onywera VO, Tremblay MS, Broyles ST, Chaput JP, Fogelholm M, et al. Relationships
between Parental Education and Overweight with Childhood Overweight and Physical Activity in 9—11
Year Old Children: Results from a 12-Country Study. PLoS One. 2016; 11(8):e0147746. Epub 2016/08/
24. https://doi.org/10.1371/journal.pone.0147746 PMID: 27557132; PubMed Central PMCID:
PMC4996501.

Ortigao MIR, Aguiar GS. Repeténcia escolar nos anos iniciais do ensino fundamental: evidéncias a par-
tir dos dados da Prova Brasil 2009. Revista Brasileira de Estudos Pedagdgicos. 2013; 94:364—89.

Camargos MCS, Gonzaga MR. Viver mais e melhor? Estimativas de expectativa de vida saudavel para
a populagao brasileira. Cadernos de Saude Publica. 2015; 31:1460-72. https://doi.org/10.1590/0102-
311X00128914 PMID: 26248101

Brasil. Pesquisa Nacional por Amostra de Domicilios: Sintese de indicadores 2011. Rio de Janeiro:
Instituto Brasileiro de Geografia e Estatistica, 2012.

Malta DC, Andreazzi MARd, Oliveira-Campos M, Andrade SSCdA, Sa NNBd, Moura Ld, et al. Trend of
the risk and protective factors of chronic diseases in adolescents, National Adolescent School-based

PLOS ONE | https://doi.org/10.1371/journal.pone.0219370 July 3, 2019 12/13


http://www.ncbi.nlm.nih.gov/pubmed/24936819
https://doi.org/10.1136/bmjopen-2018-025338
https://doi.org/10.1136/bmjopen-2018-025338
http://www.ncbi.nlm.nih.gov/pubmed/30904861
https://doi.org/10.1016/j.ypmed.2015.07.018
http://www.ncbi.nlm.nih.gov/pubmed/26231112
https://doi.org/10.1017/S1368980017001434
http://www.ncbi.nlm.nih.gov/pubmed/28714425
https://doi.org/10.1017/S1368980017000234
http://www.ncbi.nlm.nih.gov/pubmed/28322183
https://doi.org/10.1136/bmj.b2393
http://www.ncbi.nlm.nih.gov/pubmed/19564179
https://doi.org/10.18637/jss.v045.i04
https://doi.org/10.1515/ijamh-2016-0008
http://www.ncbi.nlm.nih.gov/pubmed/27299197
https://doi.org/10.1016/S2213-8587(15)00076-5
http://www.ncbi.nlm.nih.gov/pubmed/25957731
https://doi.org/10.1590/s0034-89102009000100005
https://doi.org/10.1590/s0034-89102009000100005
http://www.ncbi.nlm.nih.gov/pubmed/19169574
https://doi.org/10.1055/s-0036-1584686
https://doi.org/10.1055/s-0036-1584686
http://www.ncbi.nlm.nih.gov/pubmed/27427868
https://doi.org/10.1371/journal.pone.0147746
http://www.ncbi.nlm.nih.gov/pubmed/27557132
https://doi.org/10.1590/0102-311X00128914
https://doi.org/10.1590/0102-311X00128914
http://www.ncbi.nlm.nih.gov/pubmed/26248101
https://doi.org/10.1371/journal.pone.0219370

@ PLOS | O N E Co-occurrence and clustering of non-communicable disease risk factors in Brazilian adolescents

Health Survey (PeNSE 2009 e 2012). Revista Brasileira de Epidemiologia. 2014; 17:77-91. PMID:
25054255

55. Perrin JM, Bloom SR, Gortmaker SL. The increase of childhood chronic conditions in the United States.
JAMA. 2007; 297(24):2755-9. https://doi.org/10.1001/jama.297.24.2755 PMID: 17595277.

56. Daniels SR, Arnett DK, Eckel RH, Gidding SS, Hayman LL, Kumanyika S, et al. Overweight in children
and adolescents: pathophysiology, consequences, prevention, and treatment. Circulation. 2005; 111
(15):1999-2012. https://doi.org/10.1161/01.CIR.0000161369.71722.10 PMID: 15837955.

PLOS ONE | https://doi.org/10.1371/journal.pone.0219370 July 3, 2019 13/13


http://www.ncbi.nlm.nih.gov/pubmed/25054255
https://doi.org/10.1001/jama.297.24.2755
http://www.ncbi.nlm.nih.gov/pubmed/17595277
https://doi.org/10.1161/01.CIR.0000161369.71722.10
http://www.ncbi.nlm.nih.gov/pubmed/15837955
https://doi.org/10.1371/journal.pone.0219370

