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A B S T R A C T

Objectives: The objective of this study was to compare the relationship between the Healthy Eating Index and
oxidative stress parameters in adolescent athletes and non-athletes.
Methods: A cross-sectional study was carried out with 18 adolescent male and female volleyball athletes who
were paired with 15 adolescent non-athletes. Body fat percentage, food intake, free radical production, anti-
oxidant enzyme activity, and thiol and protein damage were measured.
Results: In the Healthy Eating Index assessment, the food quality of 72.7% of the sample was classified as low,
and no participant was found to have good food quality. The mean intake of vitamins A and E was below rec-
ommendations in both groups and sexes; however vitamin C intake was appropriate for the age group.
Increased free radical production was observed in the athletes’ erythrocytes (p<0.001), accompanied by lower
levels of plasma reduced glutathione (p = 0.01), but there were no correlations between Healthy Eating Index
and oxidative stress parameters or between body composition, vitamin A, C and E intake and oxidative stress.
Conclusions: The sample’s diet quality was classified as low and, despite the fact that there was greater pro-
duction of free radicals in the athletes’ erythrocytes and plasma, in addition to lower levels of plasma reduced
glutathione , there was no correlation between Healthy Eating Index and oxidative stress.
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Introduction

In sports, food is one of the pillars of health and performance.
The development of nutritional guidelines and the consensus and
positioning of sport societies and reference agencies have multi-
plied in recent years because of the increasingly evident influence
of macro- and micronutrients on exercise [1].

Although exercise has a protective effect against disease and
improves many aspects of health, it also increases the production of
free radicals, which are part of the process of muscular adaptation to
training [2]. However, systematized training also can induce positive
adaptations in enzymatic antioxidant defense systems in response to
increased free radical production. This system primarily consists of
the enzymes superoxide dismutase, catalase, and glutathione
peroxidase. However, antioxidant intake through diet or supplements
also is a fundamental part of the cytoprotective response [3].

Considered a sport that alternates aerobic and anaerobic energy
production pathways, volleyball (including both training and compe-
tition) increases free radical production, which when not neutralized
by endogenous or exogenous antioxidant defenses, triggers the oxi-
dative stress (OS) process, which contributes to the mechanisms of
cellular injury. Such injuries impair the intracellular metabolism of
muscles and joints, compromising exercise efficiency [4]. Thus, bal-
ance between the production and neutralization of free radicals is
essential to avoid the deleterious effects of OS, which highlights the
importance of strategies to modulate antioxidant response, including
nutritional adequacy through good food quality [5].

The US Department of Agriculture has developed an instrument
to evaluate overall diet quality to determine whether the popula-
tion's dietary habits meet established guidelines. Called the
Healthy Eating Index (HEI), it has been used to better understand
the relationships between nutrients, food, and diet patterns and
their health outcomes [6]. Inadequate food choices, including the
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Table 1
Anthropometric characterization of adolescent athletes and non-athletes

Athletes (n = 18) Non-athletes (n = 15) Reference value

Sex (M/F) 9/9 6/9
Weight (kg) 71.1 § 8.2a 60.6 § 11.6b �
Height (m) 1.80 § 0.1a 1.7 § 0.1b �
WC (cm)* M: 74.5 § 3 M: 78 § 9 M: 81.1�84.9

F: 77.8 § 8a F: 67.9 § 5b F: 78.3�80.1
Body fat (%)y M: 14.1 § 3.1 M: 20.1 § 8 M: 7�15

F: 24.4 § 5.6z F: 23.5 § 5.3 F: 11�18

WC, waist circumference.
Data are presented as mean § SD.
Superscript letters a,b indicate significantly different values between groups.
*From reference 9.
yFrom reference 11.
zGroup mean significantly different from the reference value.
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increase of junk food consumption, result in overweight and obe-
sity in adolescence and has lately developed into a global health
issue [7]. These choices, in addition to affecting nutrient deficiency,
may influence the pathways of neuropsychomotor development,
which may predispose to deregulated behaviors of impulsive
eating [8].

To our knowledge, no other studies have evaluated HEI in ado-
lescent athletes or tested the relationship between HEI and OS.
Conscious that diet quality influences sports performance and
modulates antioxidant response, our hypothesis was that poor
food consumption, with a lower HEI score, is correlated with poor
OS parameters. Therefore, the objective of this study was to com-
pare the HEI and parameters of OS in adolescent volleyball athletes
with those of non-athletes.

Methods

A cross-sectional study was conducted with 18 volleyball athletes of both
sexes (9 boys and 9 girls), 15 to 18 y of age, from a sports club in Porto Alegre, Bra-
zil. The athletes were paired with 15 non-athlete adolescents (6 boys and 9 girls)
from the local community. The included convenience sample consisted of non-
smoking adolescent athletes, competitive regional level, with regular training of
five times a week, without chronic diseases. The athletes did not have nutritional
monitoring. Any athletes who were injured or were not participating in the cur-
rent training and competition schedule were excluded. The control group included
adolescents who did not regularly exercise apart from school physical education
classes. Those who smoked or had a chronic illness were excluded.

The study was approved by the Research Ethics Committee of the Hospital de
Clínicas of Porto Alegre (case 14-0052). In compliance with Brazilian National
Health Council resolution 510/2016, participation began only after written
informed consent was given by the parents or guardians of the participants.

Anthropometry

Weight and height were measured on an anthropometric scale coupled with a
Welmy stadiometer (Welmy®, S~ao Paulo, Brazil). Waist circumference (WC) was
measured with Cescorf (Cescorf®, Rio Grande do Sul, Brazil) non-stretchable
anthropometric tape, and three skinfolds (triceps, subscapular, and calf) were
measured with a Cescorf (Cescorf®, Rio Grande do Sul, Brazil) clinical plicometer.
All anthropometric measurements were performed according to International
Society for the Advancement of Kinanthropometry protocols and measured in trip-
licate by the same evaluator. WC was classified according to Taylor et al. [9], and
body fat percentage was determined according to the equations of Slaughter et al.
[10]. In the athlete group, these measurements were classified according to Wil-
more and Costill's [11] cutoff points for volleyball athletes.

Food intake and HEI assessment

Food intake was assessed using a 3-d food record (2 weekdays, 1 weekend
day). The data were recorded in the week before blood collection, with the final
recording day occurring immediately before collection. Dietary data were analyzed
using Nutwin diet software (UNIFESP, Escola Paulista de Medicina, Brazil) and sup-
plemented with nutritional information from processed foods when the data were
Table 2
Assessment of antioxidant vitamin intake and HEI

Athletes (n = 18)

HEI (%) 43.3 § 8.2*

Vitamin A (mg) M: 583.7 § 173.3 a*,y

F: 345.3 § 108.3 a*
Vitamin C (mg) M: 121.8 (38�316)

F: 112.5 (59�290)
Vitamin E (mg) M: 5.3 § 1.8*

F: 4 § 1.5*

HEI, Healthy Eating Index.
Data are presented as mean § SD or median (minimum�maximum).
Superscript a,b letters indicate significantly different values between groups.
*A mean intake lower than the recommended values for age and sex or below the minim
ySignificantly different values between sexes in the same group.
unavailable in the software. The intake of carbohydrates; proteins; fats; fiber;
sodium; vitamins A, C, and E; and the total energy value were calculated. Dietary
reference intake values (i.e., the estimated average requirements for different
groups) were compared with the recorded intake.

The HEI assessment was based on the US Department of Agriculture's 2010
Healthy Eating Index (the instrument is revised every 5 y). This version of the
instrument includes 12 components, 9 of which are related to the adequacy of
food consumption (total fruits, whole fruits, total vegetables, greens and beans,
whole grains, dairy products, total proteins, seafood and plant proteins, and fatty
acids), whereas the other 3 focus on moderation (refined grains, sodium, empty
calories), adding to a maximum score of 100 points. The recommendations for
food, fats, and empty calorie groups are expressed in terms of absolute values,
which vary according to the level of energy consumed by the individual. The scores
can be expressed as a percentage of calories (in cases of lower estimated average
requirements) or per 1000 calories. The only exception to this is fatty acid, which
is scored on the basis of unsaturated/saturated fatty acids. The scores are classified
as follows: a low-quality diet, �51%; a diet requiring improvement, 51% to 79%;
and a good -quality diet, �80%.
OS evaluation

On the same day as the anthropometric evaluation and completion of the 3-
d food record, blood samples were collected in heparinized tubes. After collec-
tion, the blood was centrifuged at 1000g for 10 min at room temperature to sep-
arate the plasma and erythrocyte fractions. The plasma was then removed and
stored. The erythrocytes were washed with saline solution three times, diluted
in saline solution (1:10 v:v), and stored in a freezer until the experiments were
conducted. The following biochemical assays were performed to verify the par-
ticipants’ blood redox status: oxidation of dichlorofluorescein (free radicals)
[12] and proteins by determining carbonyls [13]; activity of the antioxidant
enzymes catalase and glutathione peroxidase (GPx) [14]; and determining the
concentrations of plasma reduced glutathione (GSH) and plasma thiols [15]. All
the methodologies are done with reagents prepared in the laboratory, and all
samples are dosed in parallel with standard curve, to guarantee the homogene-
ity of results.
Non-athletes (n = 15) Reference value

46.4 § 11.8* �51%: Low quality
51%�79%: Need for improvement
>80%: Good quality

M: 307.5 § 112.3 b*,y M: 630 mg/d
F: 485 mg/d

F: 348.4 § 242.2 b,*
M: 79 (13�214) M: 63 mg/d
F: 68 (10�244) F: 56 mg/d
M: 5.5 § 2.5* M: 12 mg/d
F: 3.5 § 1.5* F: 12 mg/d

um reference cutoff point (HEI; P< 0.05).
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The data were analyzed in SPSS version 20 (IBM, Armonk, NY, USA) and their
normality was assessed with the Shapiro�Wilk test. A t test for single samples
(HEI, average vitamin intake) was then applied, followed by Student's t test for
independent samples or the Kruskal�Wallis test (percentage of body fat, mean
vitamin intake, HEI, and OS parameters), in addition to the Pearson or Spearman's
correlation test (body fat percentage or HEI versus OS parameters). The results
were expressed as percentages, means and SD, or median (minimum�maximum)
and the significance level was set at P< 0.05.
Results

The mean age of the athlete participants was 16.3 § 0.7 y and
16.9 § 0.9 in the non-athlete group (P > 0.05). The distribution of
anthropometric variables is shown in Table 1. Body weight and
height were significantly greater in the athlete group (P < 0.01),
which was expected because of the demands of the sport. WC was
significantly greater in female athletes than female non-athletes
(P < 0.05); no such difference was observed among the male par-
ticipants. There was no difference in body fat percentage between
male or female athletes and non-athletes. However, in the group of
female athletes, this percentage was significantly higher than the
acceptable upper limit for this variable (P < 0.01).

Table 2 shows the HEI scores and mean intake of antioxidant
vitamins. According to the HEI results, the diets of only three ath-
letes and five non-athletes were not of low quality, and none of
these were classified as good quality. The participants’ HEI assess-
ment revealed surprisingly poor diet patterns, given that 72.7% of
Fig. 1. (A, B) Analysis of the overall survival parameters between the groups indicated hi
by lower plasma GSH levels (P = 0.01), although vitamin C intake was higher in this gro
radical production in plasma (P = 0.07) and higher levels of plasma thiols (P = 0.06). DCF, o
ences between groups.
the sample obtained a low-quality score in this index and no par-
ticipant obtained good-quality score. Many of the participants did
not consume vegetables, either cooked or raw, and many were low
consumers of dairy products. Although fruit was better repre-
sented, most of this intake was in the form of juice. Therefore, the
overall mean participant diet quality, regardless of sex or group,
was low (P < 0.05). The mean intake of vitamins A and E were
below the estimated average requirements in both groups and in
both sexes. Vitamin A intake differed between sexes in the same
group and between the same sex in different groups (P < 0.05). On
the other hand, vitamin C intake was within the reference values
for this age in both groups. Analysis of the OS parameters between
the groups indicated higher free radical production in the erythro-
cytes of athletes (P < 0.001), accompanied by lower plasma GSH
levels (P = 0.01; Fig. 1A and B), although vitamin C intake was
higher in this group (P = 0.03).

In addition, there was a tendency in the athlete group toward
greater free radical production in plasma (P = 0.07) and higher lev-
els of plasma thiols (P = 0.06; Fig. 1C and D). No correlation was
found between body fat percentage; intake of vitamins A, C, and E;
or HEI with OS parameters (data not shown). Weak but significant
correlations were found among the OS parameters: free radicals in
erythrocytes versus GPx content: R = 0.3, P < 0.01; free radicals
in plasma versus GPx content: R =�0.3, P < 0.05; free radicals in
plasma and protein carbonylation: R = 0.07, P < 0.01; and free radi-
cals in plasma and thiol content: R = 0.05, P < 0.01.
gher free radical production in the erythrocytes of athletes (P < 0.001), accompanied
up (P = 0.03). (C, D) There was a tendency in the athlete group toward greater free
xidation of dichlorofluorescein; GSH, plasma reduced glutathione. *significant differ-
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Discussion

The diet quality of this sample of adolescents, whether athletes
or not, was low, including insufficient intake of vitamins A and E.
However, different than expected, there was no correlation
between the score of HEI and the OS parameters. The OS parame-
ters and diet quality also were not correlated with body composi-
tion. Moreover, in athletes of both sexes, free radical production
was higher and plasma GSH levels were lower.

The essential role of calcium intake for athletes should be
pointed out. Calcium is essential for exercise because it mediates the
muscle contraction process and the structural role of bone mass.
Moreover, stress fractures are frequent in athletes with low bone
density [16]. Certainly, these poor diet patterns contributed syner-
gistically to inadequate vitamin A and E intake, which was observed
throughout the sample. Other studies of adolescents have pointed
out their low-quality diets, in which the consumption of fruits
and vegetables—major sources of vitamins—is below recommended
values, whereas the consumption of processed, high-calorie foods is
excessively high [17]. Although inappropriate consumption of
certain food groups is prevalent among all age groups, it is particu-
larly characteristic of adolescence, and this is cause for concern
because unhealthy nutritional habits during adolescence may persist
through adulthood [18].

Although the body mass index of this sample of adolescents was
within the limits of eutrophy (data not shown), the body fat percent-
age was above normal for female athletes, which probably reflects
their diet pattern, as corroborated by their HEI scores. The female
athletes also had a greater WC than female non-athletes, which was
unexpected because the athletes’ activity level does not favor the
accumulation of fat. Body composition and weight are two of many
factors that contribute to optimal exercise performance; together,
they can affect an athlete's potential and contribute to success. An
individual's weight can influence speed, endurance, and potency;
whereas body composition may affect an athlete's strength and agil-
ity. These factors are determinant in sports such as volleyball
[19,20]. This dietary consumption and body fat percentage of adoles-
cent volleyball players found in this study does not necessarily
reflect the consumption of volleyball players in general or their
body fat. In a study with female volleyball athletes with mean age of
22 y (ranging from 16 to 29 y), data found that the body fat percent-
age is normal or even relatively below expected [21].

Over the past few decades, dietary antioxidants have received
attention predominantly as a nutritional strategy to prevent or mini-
mize the detrimental effects of OS imbalance, generated during and
after exercise [22]. When a competitive athlete's diet contains a suffi-
cient level of foods rich in antioxidants, the diet can protect against
exercise-induced OS [23]. Regarding the dietary antioxidants assessed
in the present study, low vitamin E intake could be harmful because
this vitamin can protect cell membranes against lipid peroxidation
[24]. Similarly, the present sample's low vitamin A intake could be del-
eterious, especially to the athletes, because its intake through diet or
supplementation has a compensatory effect on lipid peroxidation from
strenuous exercise [25]. Thus, insufficient consumption of these
nutrients may be one of the causes of the high free radical production
in the erythrocytes and plasma of the athletes, in addition to their
lower levels of plasma GSH. However, despite the effects that dietary
antioxidants could have on performance, OS, and cell damage, supple-
mentation of these compounds still remains controversial [26,27] and
is not subject to recommendation [1]. However, studies on obese ado-
lescents involving exercise and calorie-restriction interventions, whose
results include improved OS markers, have attracted attention, and
these results have been replicated with obese adults [28,29].
Although often reported as injurious, the relationship between
exercise and OS is extremely complex, depending on the type,
intensity, and duration of exercise. Moderate regular training has
beneficial effects on health through physiological adaptations regu-
lated by innumerable cellular pathways, including free radical pro-
duction [30]. Because only a single moderate correlation was found
in the assessed OS parameters, despite the sample's poor diet qual-
ity, it is difficult to speculate about the actual effects of volleyball
training on adolescents and their correlation with these OS param-
eters. One possible reason for the lack of correlation between the
variables may be the difficulty of in vivo OS measurement, consid-
ering the extreme complexity of the antioxidant and oxidant net-
work and the very short half-life of free radicals [31]. Thus, the OS
values in the present results may not accurately reflect values in
the biological system. Moreover, to our knowledge, there is cur-
rently no consensus on which biomarkers or groups of biomarkers
should be used to estimate the effects of exercise or the bioefficacy
of dietary or supplemental antioxidants in sports to assess OS [32].
It is important to point out the limitations of the food consumption
estimates. Many nutrients require more than 3 d of assessment to
determine deficiencies or genuinely insufficient consumption pat-
terns. These can be considered study limitations, along with the
sample size, which was obtained by convenience.

Conclusion

The diet quality of this sample of adolescent athletes and non-
athletes was classified as low according to the HEI, and the intake
of vitamins A and E was below recommended levels. Body compo-
sition did not correlate significantly with any of the other parame-
ters evaluated in this study. Although higher levels of free radicals
in erythrocytes and lower plasma GSH levels were found in the
athlete group, there was no correlation between the OS parameters
and diet quality, measured by HEI, or between the two groups.
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