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Abstract

Objective: Research on energy-deficient athletic cohorts has broadened the
concept of the Female Athlete Triad into the Relative Energy Deficiency in Sport
syndrome, that represents a spectrum of abnormalities induced by low energy
availability, affecting competing athletes, in particular gymnasts. The present study
aimed to evaluate the nutritional status, body composition, including bone mineral
density, of rhythmic and artistic gymnasts, during the competitive period. Methods:
Data were collected using a questionnaire about sociodemographic data, training, food
intake (3- non-consecutive days food record) and body composition (anthropometry,
bioelectrical impedance and bone densitometry). All participants (n=59) provided
informed consent. Statistical analysis was performed using the Statistical Package for
Social Sciences version 27 for Windows. Main results: The athletes’ mean age was
12.0£2.8 years old and they trained 13.6+5.5 hours/week. They showed reduced body
weight, height and body fat, and a high fat-free mass (37.0£9.8Kg; 144.9+12.4cm;
9.842.9%; 96.1+£1.7%; respectively). Their bone mineral density estimated was
0.60£0.08g/cm?, which doesn’t represent a risk to bone health. They showed an energy
intake of 1370.0+454.2kcal/day and an energy availability of 35.8+15.9kcal/kg fat-free
mass/day. Regarding the distribution of macronutrients, 62.7% were below
carbohydrates recommendations, 67.8% exceed those of protein and 62.7%
consumed fat according to the recommendations. In terms of micronutrients, vitamins
D, E and K, and minerals’ consumption, such as calcium, magnesium and potassium
were below the recommendations (13.9+6.2ug/day; 591.0£259.2mg/day;
165.2451.0mg/day; 1920.4+618.6mg/day; respectively). Conclusions: Gymnasts

revealed energy deficiency, as well as, low energy availability, which were reflected in
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their body composition. Therefore, nutritional education is urgent for gymnasts and all
around them.
Keywords: relative energy deficiency in sport; nutrition; body composition; bone

mineral density; gymnastics.

Resumo

Objetivo: A investigagao em coortes com atletas sobre deficiéncia energética
alargou o conceito da Triade da Mulher Atleta para a sindrome da Deficiéncia
Energética Relativa no Desporto, que representa um espectro de alteragdes induzidas
pela baixa disponibilidade energética, afetando atletas de competicdo, em particular,
ginastas. O presente estudo teve como objetivo, avaliar o estado nutricional, a
composigao corporal, incluindo a densidade mineral 6ssea de ginasta de ginastica
ritmica e artistica, durante o periodo competitivo. Métodos: Os dados foram recolhidos
através de um questionario sobre dados sociodemograficos, treino, consumo
alimentar (registo alimentar de 3 dias ndo consecutivos) e composigao corporal
(antropometria, bioimpedancia elétrica e densitometria 6ssea). Todos os participantes
(n=59) forneceram consentimento informado. A analise estatistica foi realizada com o
programa Statistical Package for Social Sciences, versao 27, para Windows.
Principais resultados: A média de idades dos atletas foi de 12,0£2,8 anos e treinaram
13,615,5 horas/semana. Apresentaram peso corporal, estatura e gordura corporal
reduzidos e elevada massa livre de gordura (37,0+9,8Kg; 144,9+12,4cm; 9,8+2,9%;
96,1£1,7%, respetivamente). A densidade mineral &ssea estimada foi de
0,60£0,08g/cm?, o que nao representa risco para a saude 6ssea. Apresentaram um
aporte energético de 1370,0+454,2kcal/dia e uma disponibilidade energética de

35,8115,9kcal’lkg massa livre de gordura/dia. Quanto a distribuicdo dos
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macronutrientes, 62,7% estavam abaixo das recomendacodes de hidratos de carbono,
67,8% superavam as de proteinas e 62,7% consumiam gorduras, de acordo com as
recomendacgdes. Em termos de micronutrientes, os consumos de vitaminas D, E e K,
e de minerais, como calcio, magnésio e potassio, ficaram abaixo das recomendacgdes
(13,916,2ug/dia;  591,0+259,2mg/dia;  165,2+51,0mg/dia; 1920,4+618,6mg/dia
respetivamente). Conclusdes: As ginastas revelaram deficiéncia energética, bem
como, baixa disponibilidade energética, o que se refletiu na sua composigéo corporal.
Como tal, a educacgao nutricional é urgente para os ginastas e para todos os que os
rodeiam.

Palavras-chave: deficiéncia energética relativa no desporto; nutricao;

composigao corporal; densidade mineral 6ssea; ginastica.

Introduction

Rhythmic (RG) and Women’s Artistic Gymnastics (WAG) are characterized by
regular training producing high mechanical impact on the musculoskeletal system
(Jurimae, Gruodyte-Raciene, & Baxter-Jones, 2018; Tamoliené et al., 2021) and a
strong aesthetic dimension (Martinez Rodriguez et al., 2020).

High-performance athletes tend to have an intense volume of training and
competition. Given the aesthetic aspect and the intensity of training and competitions
at such young ages, there is a great concern with body weight and body image (Aguilo
et al., 2021). This concern results in a tendency towards energy and nutritional
restriction and/or excessive energy expenditure, which can result in low energy
availability (LEA) (Amato et al., 2021).

LEA is characterized by insufficient energy for physiological needs (Villa et al.,

2021) and can have several health impacts, such as reproductive (amenorrhea), bone
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health (osteoporosis) (Amato et al., 2021), changes in growth and maturation and
potential risk of injury (Silva & Paiva, 2016; Jakse et al., 2021). Furthermore, it also
has an impact on sports performance (Silva & Paiva, 2015).

Based on some studies focused on the evaluation of the food and nutritional intake
of athletes, it was found that their diet tends to be low in energy and with inadequacies
in relation to protein, carbohydrates and micronutrients’ needs, despite varying
between some age-groups (Silva & Paiva, 2015; JakSe et al., 2021).

In addition to the great concern with body image, dietary restrictions may also be
due to the high number of hours of training and, consequently, few opportunities to
have adequate meals to athletes’ needs (Meng et al., 2020). Thus, considering the
inadequate intake and possible physiological consequences, the role of food education
becomes important for athletes, their families and coaches. Thus, adequate support
for carrying out food plans suited to their needs, whether pre-, during or post-training,
promoting the optimization of their performance and health promotion is needed.

Gymnasts are characterized by lean body mass (Martinez Rodriguez et al., 2020),
low body fat mass (Meng et al. 2020) and low body weight (Jak3e et al., 2021).

However, these components may vary depending on the period of the sport
season, and may be influenced by various factors, such as: genetics, endocrine status,
nutritional status, and physical activity (Silva et al., 2015; Silva et al., 2022, 2023).

Competitive gymnastics promotes an osteogenic effect on the skeleton system due
to its high mechanical impact on a regular basis, which is normally practiced in a phase
of growth and maturation (Parm et al., 2012).

Some studies have found that athletes, mainly in RG at prepubertal age,
demonstrate greater bone development compared to non-athletes, and that they have

high bone mineral density (BMD) (Parm et al., 2012), which in turn remain in adulthood.

197



These high BMD values are a good marker for bone health and osteoporosis
prevention (Jurimae et al., 2018).

As is well known, osteoporosis is a consequence of LEAin these athletes resulting
from a prolonged energy restriction which, in turn, leads to hormonal changes affecting
reproductive health and BMD (Silva & Paiva, 2015). Thus, the positive effect of intense
training on BMD may override the negative effect of LEA (Parm et al., 2012; Silva &
Paiva, 2015).

Given the characteristics already recognized of these athletes, but siill
understudied in Portuguese gymnasts, the present work aims to evaluate the
nutritional intake, body composition and bone mineral density in Portuguese gymnasts

(RG and WAG) in the competitive period.

Methods

A questionnaire was applied in which sociodemographic data, medical history
(presence/absence of disease, medication/supplementation, occurrence of bone
fractures), and data on sports practice (years of gymnastics practice, hours of training
per day and number of times per week) were collected during a competitive period of
the athletic season.

Regarding the assessment of food intake, food diaries of 3 non-consecutive days
were provided, including a weekend day. Gymnasts recorded all foods and drinks
consumed during the 3 days, taking into account the preparation/cooking methods,
product labels and the respective times and places of consumption. Portions were
recorded as household measures, which were later converted into quantitative
measures (grams and millilitres) for further analysis. Subsequently, the food data were

converted to nutrients by the software Food Processor.
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Energy availability (EA) was calculated by subtracting energy expenditure in
physical exercise from energy intake adjusted for fat-free mass (FFM).

Energy expenditure was obtained by multiplying the Metabolic Equivalent of Tasks
(MET) by the weight in kilograms and the duration of the exercise in hours.

EAis considered healthy when equal to or greater than 45 kcal/kg of FFM/day. and
when below. this it is considered LEA. It was also assumed that less than 30 kcal/kg
of FFM/day negatively compromises reproductive function and bone health (Silva &
Paiva, 2015).

At the same time, the athletes' body composition measurement was performed by
trained evaluators in a standardized way. Anthropometric data were collected
according to International Society for the Advancement of Kinanthropometry (ISAK)
procedures (Marfell-Jones, Stewart, & de Ridder, 2012), in triplicate, with the final
recording of the average of the 3 measurements. Athletes were evaluated wearing only
sports tops and gym shorts.

Height, the perimeter of the relaxed arm at the Mid-Acromial-Radiale point, the
waist circumference and the hip circumference were assessed (Silva, 2015).

Fat mass, fat-free mass and total body water were measured by electrical
bioimpedance (Silva, 2015).

Body mass index (BMI) was calculated by dividing body weight, in kilograms, by
the square of height, in meters (Kg/m?).

BMD was estimated by bone densitometry of the calcaneus, according to Silva
(2015).

The study was approved by the Ethics Committee of University Fernando Pessoa

(Porto, Portugal), and all participants gave informed consent.
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Statistical analysis was performed using the Statistical Package for the Social
Sciences (SPSS Statistics, IBM) version 27.0 for Windows. The normality of variables
was assessed by Kolmogorov-Smirnov for samples greater than 30 and by Shapiro-
Wilk for samples less than 30. To compare variables, the T-student statistical tests were
used, for variables with a normal distribution, and Mann-Whitney, for variables where
at least one does not present a normal distribution. To compare results with reference
values, the One-sample T test was used. For categorical variables, the Chi-square test
was performed. The results are presented as an average with respective standard
deviation, minimum and maximum and percentages.

To evaluate the correlation between continuous or ordinal variables, without normal
distribution, the Spearman's correlation coefficient (p) was used. Statistical

significance was assumed when the p value was less than 0.05.

Results

In the present study, 59 competitive athletes were evaluated, with a mean age of
11.97 + 2.76 years, during the competitive period, with a weekly training volume of
13.59 + 5.45 hours/week (Table 1).

With regard to the participants’ nutritional intake, a mean of energy consumption
of 1370.0 + 4544.2 kcal/day was observed, in which the distribution of macronutrients
does not correspond to the recommendations given the needs (Table 1).

In addition, the study sample had an energy expenditure of 501.8 £+ 316.5 kcal/day,
which corresponds to an EA of 35.8 + 15.9 kcal/kg FFM/day compared to energy intake

(Table 1).
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Table 1. Age, training habits and energy consumption of the participants (n=59).

Age, training habits and energy

Mean = SD Min - Max
consumption
Age (years) 11.97 £ 2.76 8-20
Age in the sport (years) 5.89+2.71 1.8-16
Training (hours/day) 292 +0.79 2.0-5.0
Training (times/week) 454 +0.84 2-6
Training (hours/week) 13.59+545 4-30
Energy intake (kcal/day) 1370.0 £ 454.2 613 - 2796
Energy expenditure (kcal/day) 501.8 £ 316.5 295.3 - 834.1
Energy availability (kcal’kg FFM/day) 35.8£15.9 21.6-51.2
Protein (g/day) 63.6 £ 14.0 31-94
Carbohydrates (g/day) 165.5 + 66.6 50 - 367
Fat (g/day) 51.1+22.3 21-134

FFM: Fat-Free Mass, SD: standard deviation.

Overall, gymnasts had an average body weight of 37.0 + 9.8 kg (25" percentile)
and an average height of 144.9 + 12.4 cm (25 percentile), corresponding to a BMI of
17.3 + 2.2 kg/m? (25 to 50t percentile).

When analysing the body composition by electric bioimpedance, athletes showed
a high percentage of fat-free mass (96.1 + 1.7 %) and reduced fat mass (9.8 + 2.0 %)

(Table 2).
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Table 2. Body composition of the gymnasts (n=59).

Body composition Mean * SD Min - Max
Body mass (kg) 37.0+£9.8 21.0-58.0
Height (cm) 1449 +12.4 116.4 - 168.8
Arm circumference (cm) 23.5+3.0 18.2-31.5
Waist circumference (cm) 61.2+5.3 51.0-74.0
Hip circumference (cm) 74.5+9.2 60.2-97.9
Fat mass (%) 98120 5.45-14.99
Fat-free mass (%) 96.1+£1.7 91.88 - 98.35
BMI (Kg/m?) 17.3+2.2 13.65 - 25.29
BMD estimated (g/cm?) 0.60 £ 0.08 0.42-0.90
BMD, Z-score 0.19+£0.36 -0.40 - 1.00

SD: standard deviation.

Analysing the adequacy of macronutrients intakes, 62.7% of the athletes
consumed carbohydrates below the recommendations, 67.8% exceeded the protein
recommendations and 62.7% were within the recommendations for fat intakes (Table

3).
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Table 3. Gymnasts’ macronutrients intakes according to the recommended.

Macronutrients

intakes according to

Below, n (%)

Adequate, n (%)

Above, n (%)

the recommended P

Carbohydrates 37 (62.7) 22 (37.3) 0 (0) <0.05
Proteins 9 (15.3) 10 (16.9) 40 (67.8) < 0.001
Fat 1(1.7) 37 (62.7) 21 (35.6) < 0.001

Regarding intakes of micronutrients, statistically significant differences (p<0.05)
were observed in most micronutrients compared to the recommendations, with the
exception of vitamin C (p=0.196), iron (p=0.088), and zinc (p=0.329) (Table 4). Intakes
of vitamin D, vitamin E, vitamin K, calcium, magnesium and potassium were
significantly below the recommendations (13.9 + 6.2 vs. 60 pg/day; 591.0 £ 259.2 vs.
1300 mg/day; 165.2 + 51.0 vs. 240 mg/day; 1920.4 + 618.6 vs. 4500 mg/day,

respectively) (Table 4).

Table 4. Gymnasts’ micronutrients intakes compared with the RDA.

Daily consumption(per day) Mean * SD RDA p

Vitamin A (ug) 719.0 +489.8 700.0 < 0.001
Vitamin B3 (mg) 16.2+6.0 12.0 < 0.001
Vitamin B6 (mg) 1.5+0.6 1.0 < 0.001
Vitamin B12 (pg) 3.9+26 1.8 < 0.001
Vitamin C (mg) 56.6 £ 68.0 45.0 0.196
Vitamin D (ug) 1.8+1.3 5.0 < 0.001
Vitamin E (mg) 49+22 11.0 < 0.001
Vitamin K (ug) 13.9+6.2 60.0 < 0.001
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Calcium (mg) 591.0 + 259.2 1300.0 < 0.001
Iron (mQ) 8729 8.0 0.088
Magnesium (mg) 165.2+51.0 240.0 < 0.001
Manganese (mg) 1.3+£0.7 1.6 < 0.001
Potassium (mg) 1920.4 £ 618.6 4500.0 < 0.001
Selenic (ug) 68.0 + 34.0 40.0 < 0.001
Sodium (mg) 1342.1 £ 587.3 1500.0 0.043
Zinc (mg) 8.3+26 8.0 0.329
Fibre (g) 84+38 26.0 < 0.001
Water (L) 1.3+0.3 1.6 < 0.001

RDA: Recommended Dietary Allowances, SD: standard deviation.

Discussion and conclusions

Gymnasts are characterized by their aesthetic appearance and specific body
composition profile, and it is frequently observed: low body weight, high lean mass and
low fat mass as a result of high energy expenditure, and sometimes, insufficient energy
intake.

The athletes of our study were aged between 8 and 20 years old and practiced
gymnastics from very young ages. During the competitive period, they trained an
average of 2.92 + 0.79 hours per day.

Given the level of sport practice and the required energy expenditure, gymnasts
demonstrated insufficient energy intake for the total energy expenditure, revealing a
LEA (35.8 + 15.9 Kcal/lKg FFM/day < 45 Kcal/Kg FFM/day) (Silva & Paiva, 2015).
However, they were in a range of 30 to 45 Kcal/kg FFM/day, which in theory does not
represent potential health impairments, but contributes to weight loss and influences

body composition.
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Gymnasts showed low body weight and height for their age (25th percentile) and
a BMI between the 25th and 50th percentiles, although there were athletes above the
50th percentile, and one considered overweight for age belonging to the 90th
percentile.

From the data obtained by electrical bioimpedance, all presented percentages of
body mass below the reference values considered healthy for females (Rodriguez et
al., 2009) and high percentages of lean mass.

These results are similar to other studies carried out with gymnasts of different
nationalities, including Spanish (Martinez Rodriguez, 2020; Aguilo et al., 2021; Villa et
al., 2021), which, despite small differences in age range and training volume, showed
body compositions identical resulting from relative energy deficiency.

Despite this, there wasn’t any athlete demonstrating negative effects on bone
health (Rodriguez et al., 2009).

Considering the sport level of our participants, their nutritional intake is a very
important factor given its role in sports performance, recovery, maintenance of
physiological functions and in the risk of illness or injury (Silva et al., 2021). As such, it
was intended to evaluate the adequacy levels in relation to macro and micronutrients
in a competitive period.

The majority of athletes did not reach the carbohydrates recommendations (n=37,
62.7%), which is considered the main energy source of the organism (Rodriguez et al.,
2009). These are the main substrate of the brain and are also responsible for the
restoration of muscle and liver glycogen levels, presenting a fundamental role in the
recovery after training/competitions (Nattiv et al., 2007; Thomas, Erdman, & Burke,
2016), but also in the performance of athletes during sports practice (Kerksick et al.

2017). As such, compliance with the recommendations is important.
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On the other hand, protein intake was above the recommendations in most
athletes (n=40, 67.8%) which, given the low intake of carbohydrates, may prove to be
an advantage for helping to store muscle and hepatic glycogen (Kerksick et al. 2017).
Despite the protein intake being higher than recommended, there is no evidence that
it can cause damage to health, namely liver and kidney health (Jager et al., 2017).

Regarding fats, most gymnasts (n=37, 62.7%) had an intake within the
recommendations. These are an energy source and help the absorption of fat-soluble
components such as vitamins A, D, E and K.

Regarding the intake of micronutrients, the importance of adequate intake is
highlighted due to its fundamental role for the proper functioning of the organism, being
part of several metabolic pathways (Thomas, Erdman, & Burke, 2016).

During physical exercise, these are important in the phase of muscle synthesis and
repair and end up having an influence on metabolic pathways (Rodriguez et al., 2009).

However, intakes of B vitamins, as well as vitamin C and calcium were exceeded,
which may produce negative effects on gymnasts’ health, especially bones, given its
role in calcium absorption, and in muscle health, emphasizing the need to eat fortified
foods to prevent injuries and /or diseases (Rodriguez et al., 2009).

From the micronutrients that exceeded the recommendations, none reached the
maximum recommended dose, showing no concerns. Still in the analysis of nutritional
intake, fibre intake was below the recommendations (8.4 + 3.8 vs. 26 g/day), and
hydration was found to be slightly below the needs.

In conclusion, gymnasts demonstrated an energy intake lower than their needs, as
well as, LEA, justifying the low weight and height for their age and the low body fat
mass. They also demonstrated inadequacies in the intake of macro and micronutrients,

except for proteins and fats, that are above and within the recommendations,
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respectively, and certain micronutrients, such as vitamins A, C and the B complex and
the minerals iron and zinc.

From the point of view of bone health, gymnasts had high values of bone mineral
density and were not at risk of osteoporosis.

The importance of food education for athletes and those around them should be
highlighted with a clear intention to improving their nutritional intake, in order to

promote health and well-being, as well as maximize the athlete’s performance.
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