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Nutritional status, diet quality and inflammatory markers in adolescents
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Summary: Nutritional status, diet quality and inflammatory
markers in adolescents. Objective: To evaluate diet quality
and relationship between Body Mass Index (BMI), diet
quality and inflammatory markers in adolescents of public
schools in Sdo Luis-MA. Methodology: A cross-sectional
study was conducted with 384 adolescents aged 17 and 18
years. The nutritional status was evaluated through the BMI.
The quality of the diet was evaluated through the Revised
Diet Quality Index (IQD-R). The inflammatory markers
used were C-Reactive Ultrasensitive Protein (hs-CRP),
IL-6 (Interleukin-6) and TNF-a (Tumor Necrosis Factor
o). Multivariate analysis was performed using a decision
tree using the CART (Classification and Regression Trees)
algorithm to evaluate the relationship between BMI, diet
quality and inflammatory markers. Results: The mean age
was 17.3+0.5 years, predominance of females (56.5%) and
eutrophic (69.3%). The mean IQD-R score was 55.3+12.7.
Adolescents in the lowest tertile of IQD-R (T1) had a
higher mean BMI (22.1+4.3 kg/m? vs 21.5 £+ 3.7kg/m?).
Higher levels of IL-6 were observed in those located on the
IQD-R T1 (1,345 mg/L vs 1,205 mg/L). In the same group
(T1), adolescents who had higher IL-6 levels also had a
higher mean BMI (23.6+5.1kg/m? vs 20.8+3.0kg/m?). The
adolescents in the largest tertiles of IQD-R (T2 and T3) and
who had higher concentrations of IL-6 and CR-us had also
a higher mean BMI (23.8+4.9kg/m?). Conclusions: The
diet quality of adolescents studied needs modifications.
BMI averages varied with diet quality and levels of IL-6
and hs-CRP. Arch Latinoam Nutr 2020; 70(4): 237-246.
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Resumo: Estado nutricional, qualidade da dieta e
marcadores inflamatérios em adolescentes. Objetivo:
Avaliar a qualidade da dieta e a relagdo entre indice de Massa
Corporal (IMC), qualidade da dieta e marcadores inflamatorios
em adolescentes de escolas publicas de Sao Luis-MA.
Metodologia: Foi realizado um estudo transversal com 384
adolescentes de 17 e 18 anos. O estado nutricional foi avaliado
por meio do IMC. A qualidade da dieta foi avaliada por meio
do Indice de Qualidade da Dieta Revisado (IQD-R). Os
marcadores inflamatorios utilizados foram Proteina C Reativa
Ultrassensivel (PCR-us), IL-6 (Interleucina-6) ¢ TNF-a (Fator
de Necrose Tumoral o). A analise multivariada foi realizada
usando uma arvore de decisdo usando o algoritmo CART
(Classification and Regression Trees) para avaliar a relagdo
entre IMC, qualidade da dieta e marcadores inflamatorios.
Resultados: A média de idade foi de 17,3 = 0,5 anos,
predominio do sexo feminino (56,5%) ¢ eutréfico (69,3%). A
pontuagdo média do IQD-R foi de 55,3 £ 12,7. Os adolescentes
no tercil inferior do IQD-R (T1) tiveram uma média de IMC
mais alta (22,1 + 4,3kg/m? vs 21,5 £ 3,7kg/m?). Niveis mais
elevados de IL-6 foram observados naqueles localizados no
IQD-R T1 (1.345 mg/L vs 1.205 mg/L). No mesmo grupo
(T1), os adolescentes que apresentaram niveis mais elevados
de IL-6 também apresentaram média de IMC mais elevada
(23,6 = 5,1kg/m? vs 20,8 + 3,0kg/m?). Os adolescentes nos
maiores tercis de IQD-R (T2 e T3) e que apresentaram maiores
concentragdes de IL-6 e CR-us também apresentaram maior
IMC médio (23,8 + 4,9kg/m?). Conclusdes: A qualidade da
dieta dos adolescentes estudados necessita de modificagdes.
As médias do IMC variaram com a qualidade da dieta ¢ os
niveis de IL-6 e PCR-us. Arch Latinoam Nutr 2020; 70(4):
237-246.

Palabras clave: Estado nutricional, indice de Qualidade da Dieta
revisado, inflamac@o, adolescentes.

Introduction

Chronic noncommunicable diseases (NCDs) pose
health concerns in the 21st century (1). Their main risk
factors are hereditary, race, sex, tobacco use, unhealthy
diet, obesity, physical inactivity, and harmful alcohol
consumption (2). Early exposures to these factors during
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childhood or adolescence increase the chances of
development of NCDs in the future (1).

Many inflammatory markers have been associated
to the pathogenesis of NCDs and used in clinical
practice and research. Among these markers are
Interleukin-6 (IL-6), Tumor Necrosis Factor o
(TNF-a), and C-Reactive Ultrasensitive Protein
(hs-CRP) (3). Increased plasmatic levels of these
inflammatory markers have been associated with
obesity, insulin resistance, dyslipidemia metabolic
syndrome, and increased risk of cardiovascular
events (4).

Literature suggests that the concentrations of
inflammatory markers can be influenced by
anthropometric conditions and eating patterns
(3). In addition, plasmatic levels of inflammatory
markers associated to NCDs could be compromised
early in childhood and adolescence (5).

Under this perspective, the need to evaluate eating
patterns and global quality of diet in early stages
of life is increasing. The Revised Diet Quality
Index (IQD-R), an adaptation of the Healthy
Eating Index (HEI-1995) developed in the United
States, evaluates a combination of different types of
food, nutrients, and diet components in relation to
the proposed diet recommendations and/or health
outcomes (6).

The IQD-R is useful to monitor the eating habits
of adolescents and to identify associations
with  demographic, socioeconomic  (7-10),
anthropometric factors, and life habits (7,9,11).
However, there are few investigations that
associated the IQD-R with risk factors for NCDs
(12-14) and specially those that associate the
index with inflammatory markers in adolescents.
Therefore, the present study proposes an evaluation
of diet quality and the relationship between Body
Mass Index (BMI), diet quality, and inflammatory
markers in adolescents of public schools, with the
purpose of early identifying the risk factors that
may trigger NCDs.

Materials and methods

Cross-sectional study conducted with adolescents, derived
from a research titled “Adolescer - Are oral health problems
in adolescents associated to risk factors for chronic
noncommunicable diseases?”, developed by Universidade
Federal do Maranhao (UFMA) from January 2014 to June
2016, with the approval of the Research Ethics Committee
from UFMA under protocol number 441.226/2013.

The study was conducted in public schools in the urban area
of Sao Luis - MA, located in the Northeastern region of Brazil
and with Human Development Index of 0.768 in 2013. In
2012, there were 42,009 students enrolled in 52 public High
Schools.

In order to calculate the sample size, the correlation
coefficient of 15%, power of test of 80%, and significance
level of 5% were used, resulting in, at least, 347 adolescents.
Predicting possible losses, the sample was increased by 10%.
For the selection of the participants, a cluster sampling was
performed in three stages (school, school year, and class),
with random sampling and without replacement. Adolescents
of both sexes and aged 17 and 18 years were included, with
the purpose of verifying health outcomes after the growth
spurt phase. Since the present study used secondary data
from the aforementioned research and meeting the inclusion
and non-inclusion criteria, 384 adolescentes were included in
the final sample.

The data collection was performed with semi-structured
forms applied with the adolescents. The following
sociodemographic data were collected: age, gender, skin
color (white and non-white), mother’s education in years
(<4, 5-8, 9-12, and >12), and economic class (A/B, C, and
D/E, which corresponded at the time to U$2,527, U$590,
and U$336 of average family gross income per month,
respectively) (15).

The lifestyle covered information about alcohol intake
and use of cigarettes in the previous year (yes or no), and
practice of physical activity evaluated through the Physical
Activity Questionnaire for Adolescents (QAFA) (16). The
adolescents that were considered active practiced physical
activity >300min/week, and the remaining were considered
insufficiently active (17).
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To characterize the nutritional status of the populationwas
used o IMC adopting the criteria proposed by the World
Health Organization (18) For such, the body weight (kg) was
measured with a digital scale (Tanita®, Japan), along with the
height (m) using a portable stadiometer (Alturexata®, Brazil).

A 24-hour food record (24hR) was applied to evaluate the
food consumption in two nonconsecutive days. The data
from the 24hR were converted in energy and nutrients
through the software Virtual Nutri Plus®. For the evaluation
of the adolescents’ diet quality, the study used the IQD-R
adapted for Brazil from the American HEI, based on the
Dietary Guidelines for the Brazilian Population in the year
of 2006. The IQD-R includes 12 components based on the
energetic density (portion/418kJ or 1000 kcal) or percentage
contribution of calories in the diet (6).

The specific scores of each component of the IQD-R range
from 0 (minimum) to 5, 10 or 20 (maximum). The minimum
score corresponds to the non-consumption of the components
that are considered healthy or to the consumption above the
proposed limit of components that are considered unhealthy;
the maximum score of each element is established from the
reference intake value, when consumption is equal/inferior
to the unhealthy components or equal/superior to the healthy
components. The scores for the intermediate intake values
are attributed proportionally. The total score of the IQD-R
ranges from 0 to 100 points (6).

The IQD-R was used as a continuous numerical variable
and categorized in tertiles. For the characterization of
the adolescents’ diet quality, a classification proposed by
Bowman et al. was adopted: scores <51 - “inadequate diet”;
51 to 80 - “diet that needs modification”; >80 - “healthy diet”
(19).

The biochemical evaluation consisted of the measurement
of the inflammatory markers (TNF-a, CRP-us, and IL-6)
determined by the technology Magpix-Milliplex. Since there
are no established reference values for this population, the
levels of inflammatory markers were used as continuous
numerical variables.

The data were analyzed with the software STATA®14.0.
The categorical variables were presented as frequencies
and percentages and the numerical, as measures of central
tendency and dispersion. The Kolmogorov-Smirnov test was
used to verify normality.

The Kruskal-Wallis test was performed to compare
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consumption of the IQD-R components in tertiles.
Spearman’s correlation was conducted between the
IQD-R variables, BMI, and inflammatory markers
(CRP-us, IL-6, and TNF-a), being classified as
weak when r:<0.29, moderate when r: 0.50-0.69,
and strong when 1: 0.70-0.89 (20). The level of
significance adopted was 5%.

In order to identify the relationship between
BMI, diet quality, and inflammatory status of
the adolescents, the study adopted the Decision
Tree (DT), which established the relationship
between independent variables and the response
variable. The DT is obtained through successive
binary divisions in the data set in order to make
the subgroups increasingly more homogeneous in
regards to the response variable (21).

To create the DT, the BMIwas considered a
dependent variable. The independent variables
included gender, physical activity, IQD-R, and
inflammatory markers (CRP, IL-6 e TNF-a).
The DT was created based on the nonparametric
classification method CART (Classification and
Regression Tree) to originate a BMI average
classification of the adolescents according to
the tertiles of diet quality and the individual
inflammatory markers. The statistics software
SPSS®™ was used to generate the DT.

Results

There was a predominance of female (56.5%), 17
years old (65.4%), non-white adolescents (84.1%),
from class C (64.2%), and whose mothers had >9
years of education (46.1%). Regarding the lifestyle
of the participants, 51.6% were insufficiently
active and, in the previous year, 54.2% reported not
having consumed alcohol and 88.5% not smoking
(Table 1).

Excess weight was identified in 14.1% of the
participants (9.7% overweight and 4.5% obese).
The average value (p25-p75) of the CRP-us was
0.11 mg/L (0.00-0.28), of the IL-6 1.18 ml/L (0.76-
2.05), and of the TNF-a 2.81 mg/L (1.68-4.11)
(Table 1).



Table 1. Demographic, socioeconomic, lifestyle,
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and clinical-nutritional characterization of

adolescents. Sdo Luis - MA, Brazil, 2014-2016.

Variables n %
Gender
Masculine 167 43.5
Feminine 217 56.5
Age
17 years old 251 65.4
18 years old 133 34.6
Skin color
White 60 15.6
Non-white 323 84.1
Not informed 1 0.3
Mother Education
<4 years 71 18.5
5 to 8 years 88 22.9
9 to 12 years 155 40.4
>12 years 22 5.7
Not informed 48 12.5
Brazilian Economic Classification
Class A/B 57 15,0
Class C 244 64,2
Class D/E 79 20,8
Physical Activity
Sufficiently active 184 48.0
Insufficiently active 198 52.0
Alcohol consumption in the previous year
Yes 176 45.8
No 208 54.2
Cigarette use in the previous year
Yes 44 11.5
No 339 88.3
Not informed 1 0.2
Diet quality
Inadequate 123 32.0
Needs changes 252 65.6
Healthy 9 2.4
Body Mass Index
Underweight 62 16.5
Normal 260 69.3
Overweight 36 9.7
Obesity 17 4.5
Inflammatory markers Median (P25-P75)
CRP-us (mg/L) 0.11 (0.00-0.28)
IL6 (mg/L) 1.18 (0.76-2.05)
TNF-a (mg/L) 2.81 (1.68-4.11)
CRP-us: C-Reactive Ultrasensitive Protein; IL6:

Interleukin 6; TNF-o: Tumor Necrosis Factor a.

Among the evaluated adolescents, 32.0% were classified with
an inadequate diet, 65.6% with a diet that needs modification
and only 2.4% had a healthy diet (Table 1). The average score
of the IQD-R was 55.3 (SD+12.7) and the median, 56.2 with
interquartile range of 48.1-63.0. The study found low scores
for the following components: whole cereals (0.4 points),
whole fruits (2.1 points), total fruits (2.7 points), oils (2.6
points), and milk and derivatives (3.7 points). Higher scores
were observed for the following components: meat, eggs, and
legumes (9.4 points), saturated fat (7.3 points), total cereals
(4.7 points), dark green/orange vegetables and legumes (4.1
points), and total vegetables (4.1 points) (Table 2).

When compared to the scores of the components per tertile
of the IQD-R, the individuals who belonged to the highest
tertile presented greater scores for the components “total

Table 2. Descriptive statistics of the scores of the Revised
Diet Quality Index (IQD-R) and its components in
adolescents. Sdo Luis - MA, Brazil, 2014-2016.

Variables Maximum Mean (+SD)
score
Components IQD-R
Total fruits 5 2.7(x2.2)
Whole fruits 5 2.1(£2.4)
Total vegetables 5 4.1 (+1.7)
E;l;lfir:emorange vegetables and 5 41(=18)
Total cereals 5 4.7 (£0.6)
Whole cereals 5 0.4 (+1.2)
Meats, eggs, and legumes 10 9.4 (£1.6)
Milk and derivatives 10 3.7(£2.9)
Oils 10 2.6 (+4.2)
Saturated fat 10 7.3 (£2.8)
Sodium 10 52 (£2.9)
SoFAAS* 20 8.9 (£5.7)
Total IQD-R 100 553 (£ 12.7)
Tertile IQD-R
T1 (points) 100 41.3 (£8.2)
T2 (points) 100 56.2 (£2.5)
T3 (points) 100 68.4 (£ 6.6)

*SoFAAS: calories from solid fat, alcohol, and added sugar.
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“total vegetables”,

2 (13

fruits”, “whole fruits”, “green/orange
vegetables and legumes”, “meat, eggs, and legumes”, and
“oils”, indicating higher consumption of these food groups.

There were also higher scores, indicating lower consumption,
for the components “saturated fat”, “sodium”, and “SoFAAS”.
There was no statistical significant difference between the
tertiles of the IDQ-R for the consumption of “total cereals”
and “whole cereals” (Figure 1).
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Figure 1. Average score of each component of the [QD-R
according to the tertiles of contribution.
Sdo Luis - MA, Brazil, 2014 -2016

241

Table 3. Correlation between IQD-R, BMI, and
inflammatory markers in adolescents.
Sao Luis - MA, Brazil, 2014-2016.

Variables IQD-R BMI
r R

BMI -0.006

CRP-us -0.102 0.124*

IL6 -0.017 0.233#

TNF-a -0.045 0.154*

r: Spearman’s Correlation Coefficient.
*p<0.05 #p<0.001; PCR-us: C-Reactive
Ultrasensitive Protein. IL6: Interleukin 6.
TNF-a: Tumor Necrosis Factor a.

The IQD-R did not present correlation with the
BMI and the inflammatory markers. The BMI was
correlated to all of the evaluated inflammatory
markers: CRP-us (r=0.124; p<0.05), IL-6
(r=0.233; p<0.001), and TNF-a (r=0.154;
p<0.05); however, with weak magnitude (Table
3).

Figure 2 represents the DT for the studied sample,
which identified that the adolescents in the
lowest tertile of the IQD-R (T1) presented higher
BMI average (22.1+4.3 kg/m?), when compared
to the adolescents in the highest tertiles (T2 and
T3) (21.5+3.7 kg/m?). Higher levels of IL-6 were
observed in those located in the T1 of the IQD-R
(1.345 mg/L vs 1.205 mg/L). In the same group
(T1), the adolescents that had levels of IL-6
higher than 1.345 mg/L also had greater BMI
average (23.6+5.1 kg/m? vs 20.8+3.0 kg/m?).

Among the participants in the highest tertiles
of the IQD-R (T2 and T3) and that presented
higher concentrations of IL-6 (>1.205 mg/L), it
was observed greater BMI average (22.5+4.2 kg/
m? vs 20.6+£2.9 kg/m?). In the adolescents with
higher concentrations of IL-6 (>1.205 mg/L) and
CRP-us (>0.135 mg/L), the BMI average was
also greater (23.8+4.9 kg/m?) (Figure 2).
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Figure 2. Decision Tree of the studied sample

Discusion

In the present study, the mean of the total IQD-R
showed that the diet of the evaluated adolescents
needs modifications, and only 2.4% of them had
a healthy diet. The average values of the BMI
ranged with the tertiles of diet quality and with the
serum levels of the inflammatory markers (IL-6
and CRP-us).

Endorsing the present study, Andrade et al. also used a 24hR
to determine the IQD-R and observed a close average score
(59.7) for the adolescents in the Health Survey in the state of
Sdo Paulo (ISA-SP) (11). Other national research performed
with adolescents identified higher average values of IQD-R,
ranging from 62.4 to 75.1 points (7,8,13). However, these
authors used the FFQ to evaluate the consumption and to
determine the IQD-R. Such instrument can limit the variety
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of the evaluated food and, possibility, interfere with the
scores of the IQD-R.

In this study, the consumption of fruits, whole cereals, milk and
derivatives and vegetable oils was below the recommended.
The low intake of food and vegetables was observed in
European adolescents, comparing to the investigations in
other countries such as Australia, Canada, United Kingdom
and USA (22).

In Brazil, Castilhos et al. also observed low averages for the
consumption of total fruits and milk and derivatives when
evaluating the diet of adolescents from Pelotas (RS) (8). The
low intake of milk and derivatives may be a result of the
omission of breakfast, a practice that is very common in the
population. In addition, milk consumption is possibly being
substituted by the ingestion of sugary beverages (7). This
negative aspect of the present study needs to be reversed,
since this habit could compromise the calcium intake, a
mineral that is essential for growth and skeletal maturing in
adolescents (23).

The low consumption of fruits and whole cereals observed
in this study can compromise the ingestion of micronutrients
and fibers and contribute to a higher calorie density diet
and risks for cardiovascular diseases, obesity, diabetes, and
cancer (24).

In the scoring of the “SoFAAS” group, it was not possible to
include calories from trans fat due to the lack of information
on the software. Nevertheless, the low scores indicate high
consumption of other food components in this group. In this
investigation, the consumption of “SoFAAS” was similar
to that observed in other national studies (7,8,13). It is
important to highlight that the high intake of such component
is a negative aspect in the diet of the evaluated adolescents,
since it indicates high consumption of ultra processed food,
constituted mainly of sugars and fats, and which predispose
the consumer to the development of NCDs (25).

On the other hand, a positive aspect of the diet was a higher
score for “meat, eggs, and legumes”, “vegetables”, and
“green/orange vegetables and legumes”, indicating higher
consumption of these food. This finding differs from results
observed in other national studies with adolescents, which
presented low consumption of these groups (7, 26).

Despite the fact that national studies showed reduction in
consumption of beans by Brazilians (27), The National
Adolescent School-based Health Survey (PeNSE) identified
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the frequent consumption of such food by
adolescents, supporting the results of the present
study (28). The ingestion of beans by adolescents
in this research contributed to the increase in the
score of “meat, eggs, and legumes”, “vegetables”,
and “dark green/orange vegetables and legumes”.
Therefore, it is possible that the consumption of
meats and eggs and dark green/orange vegetables
is overestimated due to the inclusion of legumes in
the scores of these groups according to the method
adopted to calculate the IQD-R. It is important
to mention that, although beans are considered a
source of low biological value protein, this food is
important in the diet of low income populations,
because it contributes to the calculation of the total
protein in the diet (29).

The consumption of saturated fat was near what
is considered adequate (6) and deviated from
studies performed with adolescents in the Southern
and Central-West regions of Brazil (7, 9), which
observed greater ingestion of this nutrient. This
was one more favorable aspect of the present study,
since the high consumption of saturated fat is
associated with alterations in the lipidic profile and
development of cardiovascular diseases (29).

In this investigation, the adolescents in the lowest
tertile of diet quality had a BMI average greater
than those in higher tertiles, suggesting a possible
inverted relationship between diet quality and
BMI. Similarly, Pinheiro and Atalah identified
lower scores of IQD-R associated to excess weight
in the Chilean population (12). This relationship is
still controversial in the field, since other studies
performed in Brazil have not found correlation
between BMI and IQD-R (11,13). It is worth
mentioning that the mean BMI values among the
adolescents in this study are within acceptable
levels (30).

Another relevant aspect was that the adolescents
located in higher tertiles of the IQD-R did not
necessarily have good quality diet. In these tertiles,
the scores of the IQD-R were intermediate and
only 2.4% of the adolescents in the highest tertile
presented scores that indicate good quality diet.

Literature confirms that excess weight, especially
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obesity, is associated to inflammation. However, it
is still inconsistent if inflammation is a consequence
of obesity or if obesity is aresult of the inflammatory
disease (3).

The inflammatory trigger in obesity is metabolic,
caused by the excessive consumption of nutrients
and energy. Thus, inflammation is capable of
compromising metabolic homeostasis over time,
affecting different organs (31). Among the adult
population, in which the exposure time to excess
weight contributes to the development of the
inflammatory process, this association seems to be
well established. However, the youth population
still needs to be more explored and studied in
order to investigate if the process of subclinical
inflammation would already be present (3).

In the present study, the adolescents in lower tertiles
of the IDQ-R had greater BMI average and lower
concentrations of IL-6, while those in the highest
tertiles had higher BMI averages when they had
higher concentrations of IL-6 and PCR-us.

A few studies that found an association between diet
and inflammatory markers, after adjustments for
the nutritional status, did not observe a preservation
of this association. Bibiloni et al., when evaluating
Spanish adolescents, verified an association
of the dietary patterns of the Mediterranean to
higher plasmatic concentrations of adiponectin.
At the same time, the Western dietary pattern was
negatively associated to adiponectin and positively
associated to IL-6 in female adolescents. It is
important to highlight that such findings were not
significant after adjustment for BMI (32).

Experimental studies suggest that the increase of
adiposity is associated to inflammatory markers,
cardiovascular diseases and, consequently, to
lesions in the coronary arteries since adolescence
(33). Silva et al. observed that the CRP content
was positively correlated to all of the evaluated
anthropometric parameters, including BMI (34).
Other authors found positive association between
CRP and BMI in adolescents (35).

A positive association between overweight/obesity
and IL-6 has been observed among adolescents,

reinforcing the hypothesis about the relationship between
this marker with lipids metabolism (5).

Arouca et al. emphasize that, in the youth population, a
diet that is high in antioxidants and essential nutrients,
which is considered healthy, can reduce the concentration
of inflammatory biomarkers caused by adiposity. However,
a diet that is low in these components seems to contribute
to the beginning of the inflammatory process and oxidative
stress (36).

This study presented as a limitation the transversal design,
which does not allow for the establishment of causality
relationships between diet quality, excess weight, and
inflammatory markers. Although the IQD-R is an instrument
used to evaluate diet quality in populational groups, it does
not deduct from the scores of components that are considered
healthy when the consumption is excessive (7).

The strength of this study is the use of early inflammatory
markers in a young population and the use of two 24hR
to investigate the food consumption, which enabled the
evaluation of the usual intake of nutrients and diet quality.

Conclusion

It is concluded that the diet quality of adolescents needs
modifications. The participants with the worst diet had higher
BMI averages and serum levels of IL-6. Similarly, but with
less intensity, the adolescents that were in the highest tertiles
of IQD-R and had greater levels of IL-6 also presented higher
BMI averages. Those that also presented more elevated
concentrations of CRP-us had an even greater BMI average,
despite being in the highest tertiles of IQD-R.
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