


Conclusion

The results indicate the presence of socioeconomic inequalities in the occurrence of DBM in

the 2009 edition of the PeNSE. Simultaneous interventions in the area of equity are neces-

sary to prevent the advancement of nutrition-related problems.

Introduction

The epidemiological transition phenomenon, particularly in the context of low- and medium-

income countries (LMICs), has been accompanied by another process called the nutritional

transition [1]. This phenomenon is characterised by important changes in the patterns of food

consumption [1], [2] combined with an increase in sedentarism in the population [3]. This

scenario is reflected in the nutritional status, including changes in mean height and body com-

position [4], [5]. The nutritional transition in LMICs has been marked by an accelerated

decrease in malnutrition among children and adults, but still includes unsettling incidence

rates among the poorest. Simultaneously, an increase in overweight and obesity has been

observed in all life stages [6], [1]. Hence, apparently antagonistic health-related problems have

come to exist simultaneously in the population.

The coexistence of stunting and overweight in the same child or adolescent reflects the

poor quality of diet and morbidity in the first two years of life, followed by excess energy con-

sumption at a later life stage [7], [8], [3]. This condition is due to underlying determinants to

which the adolescents are exposed, such as unfavourable environmental, social and economic

factors [9], [10]. It is known that, among countries with similar economic levels, those with

higher levels of social inequality have lower levels of health [11].

In Brazil, the improvement of health indicators has not been achieved homogeneously by

all population groups, contributing to the maintenance of a persistent burden of morbidity,

even to problems in which reductions have been observed. For example, undernutrition is still

prevalent among the poorest, difficulting this burden to be reduced below certain levels.

Recently, overweight, obesity and diet-related NCDs are rapidly increasing in the country (14).

However, the way that socioeconomic disparities relate to DBM are not very well understood

yet (15). The double burden phenomenon has been very well documented at household and

community level in the various life stages [12] [3], [13]. However, very little is still known on

the DBM at individual level, especially among adolescents [14]. Therefore, the aim of the

present study was to measure and evaluate the sociodemographic factors associated with this

phenotype in adolescents who participated in the 2009 and 2015 editions of the National Ado-

lescent School-Based Health Survey (Pesquisa Nacional de Saúde do Escolar—PeNSE), in

Brazil.

Methods

Study design, population and sampling method (PeNSE 2009–2015)

Data from the PeNSE 2009 and 2015 editions were used for the present study. These are

national surveys conducted by the Brazilian Institute of Geography and Statistics (Instituto

Nacional de Geografia e Estatı́stica–IBGE) in collaboration with the Ministry of Health, which

aimed to identify and measure the risk and protective factors of health among Brazilian adoles-

cents. The PeNSE data are public and can be accessed freely at the IBGE website (http://www.

ibge.gov.br/). The PeNSE is a school-based epidemiological survey, and the target population
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over 14 years old [(OR = 0.78, 95% CI = 0.74–0.82), (OR = 0.90, 95% CI = 0.86–0.94)], residing

in the north and northeast region [(OR = 0.89, 95% CI = 0.86–0.93), (OR = 0.79, 95%

CI = 0.72–0.86)], from public schools [(OR = 0.76, 95% CI = 0.72–0.80), (OR = 0.82, 95%

CI = 0.73–02.92)] and with the lowest household assets score [(OR = 0.72, 95% CI = 0.68–

0.76), (OR = 0.87, 95% CI = 0.78–0.99)]. In both survey periods, the chance of stunting was

higher, respectively, among boys [(OR = 1.49, 95% CI = 1.34–1.65), (OR = 1.38, 95%

CI = 1.05–1.81)], those residing in the north and northeast region [(OR = 1.84, 95% CI = 1.64–

2.07), (OR = 1.54, 95% CI = 1.17–2.02)] and those from public schools [(OR = 1.99, 95%

CI = 1.64–2.41), (OR = 2.08, 95% CI = 1.28–3.39)] (Table 3).

In the PeNSE 2009, the chance of DBM was lower among boys (OR = 0.60, 95% CI = 0.45–

0.81) and higher among those over 14 years old (OR = 2.40, 95% CI = 1.80–3.20), those living

in the north and northeast regions (OR = 2.01, 95% CI = 1.49–2.84) and from families with a

low maternal education level (OR = 1.48, 95% CI = 1.07–2.04). In the 2015 edition, no signifi-

cant associations were found for this outcome (Table 3).

Discussion

This is a novel study aimed at measuring DBM and its socioeconomic determinants in the ado-

lescent population of Brazil in 2009 and 2015. Despite the comparative limitations of the sam-

ple, it seems that overweight increased, stunting reduced and DBM seemed to be stable in the

studied period. However, the DBM rates were well below those found in the study of Caleya-

chett et al. (2018) [14] who used health data from 57 LMICs between 2003 and 2013, which

included 129,276 adolescents from 12 to 15 years old. In that study [14], the DBM phenome-

non was found in 2.0% (95%CI = 1.7%, 2.5%) of the adolescents. The reason for this phenome-

non is not yet fully understood: if there is sufficient energy for children to gain excess weight,

then why do the children not reach their linear growth potential and remain stunted? Some

studies suggest that this phenomenon is particularly related to inadequate nutrition during the

period between conception, resulting in restricted intrauterine growth, and age below two

years—which might entail retarded linear growth—followed by exposure to “obesogenic envi-

ronments” at more advanced ages [21], [22], [8], [23], [3]. Other possible explanations for this

phenomenon have been explored [23]. Some studies also suggest that retarded growth can

change normal metabolic processes and thus increase insulin sensitivity and reduce fat oxida-

tion, which increases the risk of excess weight gain at a later life stage [24], [25].

Fig 1. Prevalence of nutritional outcomes in adolescents. PeNSE (2009–2015). 2009 –Stunting (n = 1,582),

overweight (n = 12,553) and double burden (n = 214). 2015 –Stunting (n = 2,631), overweight (n = 233) and double

burden (n = 37).

https://doi.org/10.1371/journal.pone.0218566.g001
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The results of the multinomial logistic regression analysis clearly show an increased preva-

lence of stunting among adolescents with an unfavourable socioeconomic status (in public

school, from a family with a low maternal education level, from the north and northeast

regions, and with worse household assets scores) in both evaluated editions (PeNSE 2009–

2015). By contrast, the highest prevalence of overweight was found among adolescents from

private schools, from families with a higher maternal education level, from the South, South-

east and Centre-West regions and in a more favourable economic situation. The effect of

improved economic situation on the favourable trajectory of overweight/obesity is associated

with the socioeconomic expansion and the processes of urbanization and globalization of the

country, which result in negative changes in dietary and physical activity patterns [26]. These

Table 1. Description of the study population according to sociodemographic characteristics. PeNSE (2009–2015).

Variables PeNSE 2009 PeNSE 2015

n % (95% CI) n % (95% CI)

Sex

Female 31,823 53.4 (52.9–53.7) 5,317 49.4 (48.4–50.3)

Male 27,814 46.6 (46.2–47.0) 5,453 50.6 (49.7–51.6)

Age

13 years 15,051 25.3 (24.9–25.7) 2,524 23.4 (22.6–24.2)

14 years 27,243 45.8 (45.4–46.2) 2,111 19.6 (18.8–20.3)

15 years 11,141 18.7 (18.4–19.0) 2,408 22.4 (21.6–23.1)

16 years and older 6,035 10.2 (9.9–10.4) 4,648 34.6 (33.7–35.5)

Race/Skin color

White 21,655 37.0 (36.7–37.4) 4,231 39.3 (38.4–40.2)

Black 7,323 12.5 (12.3–12.8) 1,267 11.8 (11.1–12.4)

Yellow 2,398 4.10 (3.9–4.3) 455 4.2 (3.8–4.6)

Mixed-race 24,556 42.0 (41.6–42.4) 4,493 41.7 (40.8–42.7)

Indigenous 2,560 4.40 (4.2–4.5) 316 2.94 (2.6–3.2)

School type

Public 45,353 76.0 (75.7–76.4) 8,256 76.7 (75.8–77.4)

Private 14,284 24.30 (23.6–

24.3)

2,514 23.3 (22.5–24.1)

Maternal education

Non-educated/ Incomplete primary education 14,952 25.5 (25.1–25.8) 2,328 21.6 (20.8–22.4)

Completed primary education/ Incomplete secondary

education

7,925 13.5 (13.2–13.8). 1,335 12.4 (11.8–

13.01)

Completed secondary education/ Incomplete higher

education

15,541 26.5 (26.1–26.8) 2,717 25.3 (24.4–26.0)

Completed higher education 10,265 17.5 (17.1–17.8) 2,032 18.9 (18.1–19.6)

Did not know 10,042 17.0 (16.8–17.4) 2,339 21.8 (20.9–22.5)

Region

North 13,240 22.2 (19.0–22.5) 2,139 19.9 (19.1–20.6)

Northeast 19,941 33.4 (33.0–33.8) 2,277 21.1 (20.3–21.9)

Centre-West 9,837 16.5 (16.2–16.8) 2,119 19.7 (18.9–20.4)

Southeast 10,543 17.7 (17.4–18.0) 2,083 19.3 (18.6–20.1)

South 6,076 10.2 (9.9–10.4) 2,152 20.0 (19.2–20.7)

Household Assets and Services Score

High 20,128 32.4 (32.1–32.8) 3,571 33.1 (32.3–34.0)

Medium 20,894 33.7 (33.3–34.0) 3,593 33.4 (32.5–34.5)

Low 21,053 33.9 (33.5–34.3) 3,606 33.5 (32.6–34.4)

https://doi.org/10.1371/journal.pone.0218566.t001
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developing countries [8]. Recently, the WHO published suggested actions to control DBM

(which include interventions, programmes and policies) with the potential to simultaneously

reduce the risk of undernutrition and overweight, obesity and diet-related NCDs [32]. One of

the key principles of the WHO is to ensure that the actions planned to address one form of

malnutrition do not unintentionally increase the risk of other form. These actions aim at pro-

viding easy access to healthy and nutritious foods and thereby to promote a healthy weight.

This is also the objective of the United Nations Sustainable Development Goal (SDG) 2, which

aims at ending hunger, ensuring safe, nutritious food and promoting sustainable agriculture

[33].

Limitations

Since the PeNSE 2009 and 2015 are cross-sectional surveys, this study has some limitations

such as the determination of causality. Some precaution is necessary in the comparison of

results between the editions, considering the changes sampling plans of the PeNSE. In 2009,

the target-population of PeNSE was formed by students enrolled in the 9th grade of Elemen-

tary School; in 2015, students enrolled from the 6th grade of elementary school to the 3rd

Table 3. Multinomial logistic regression analysis between sociodemographic predictors and nutritional outcomes of adolescents. PeNSE (2009–2015).

Variables PENSE 2009 PENSE 2015

Overweight Stunting Double Burden of

Malnutrition

Overweight Stunting Double Burden of

Malnutrition

aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Sex

Female - - - - - - - - - - - -

Male 1.14 1.09–1.18 1.49 1.34–1.65 0.60 0.45–0.81 1.03 0.94–1.13 1.38 1.05–1.81 0.83 0.43–1.61

Age

�14 years - - - - - - - - - - - -

>14 years 0.78 0.74–0.82 1.55 1.39–1.72 2.40 1.80–3.20 0.90 0.86–0.94 1.02 0.90–1.15 1.37 0.99–1.88

Race/ Skin color

White - - - - - - - - - - - -

Non-white 0.95 0.91–0.99 1.00 0.90–1.13 0.94 0.69–1.28 1.04 0.91–1.20 0.89 0.59–1.32 0.40 0.96–1.68

Region

South/Southeast/Centre-West - - - - - - - - - - - -

North/Northeast 0.89 0.86–0.93 1.84 1.64–2.07 2.01 1.49–2.84 0.79 0.72–0.86 1.54 1.17–2.02 0.85 0.43–1.67

School type

Private - - - - - - - - - - - -

Public 0.76 0.72–0.80 1.99 1.64–2.41 1.49 0.94–2.36 0.82 0.73–0.92 2.08 1.28–3.39 0.89 0.36–2.20

Maternal Education

Completed primary education/ Completed

higher education

- - - - - - - - - - - -

Non-educated/ Incomplete primary

education

0.89 0.84–0.94 1.38 1.22–1.56 1.48 1.07–2.04 0.94 0.83–1.06 1.91 1.37–2.70 1.69 0.72–3.99

Did not know 0.92 0.87–0.98 1.23 1.06–1.42 0.91 0.59–1.40 0.90 0.79–1.01 1.91 1.36–2.69 2.18 0.95–5.0

Household Assets and Services Score

High—3˚ tercile - - - - - - - - - - - -

Medium—2˚tercile 0.84 0.80–0.88 1.11 0.96–1.29 0.83 0.57–1.20 0.99 0.88–1.10 0.90 0.62–1.33 0.95 0.39–2.30

Low—1˚ tercile 0.72 0.68–0.76 1.35 1.16–1.57 0.79 0.54–1.17 0.87 0.78–0.99 1.40 0.99–1.99 1.38 0.59–3.24

Reference category: normal BMI and height-for-age (BMI: Z-score� +1 and H/A: Z-score -2);

aOR: adjusted odds ratio; 95%CI: 95% confidence interval;

aOR (95%CI) adjusted by all variables.

https://doi.org/10.1371/journal.pone.0218566.t003
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