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SUMMARY: The aim of this cross-sectional study was to compare dietary intake to published recommendations and to analyze
the potential relationship between body composition and dietary intake in collegiate athletes. Eighteen healthy maledriddje- an
distance runners (age 2042.72 y; height, 174.% 6.1 cm; body mass, 64407.7 kg), were recruited from a Mexican university track
and field team at the beginning of the general preparation phase for national competitions. Participants completed thobetadrhou
recalls, which were used to estimate dietary intake. Body composition was measured by Dual-energy X-ray absorptiometry (DXA).
Athletes displayed high body fat values. Protein intake was significantly higher than published recommendations. Iratiy@inc, so
and vitamin C intake were significantly higher than recommended values, while potassium and calcium intake were belosdestablish
recommendations. No significant correlations between body composition variables (i.e body fat, lean body mass, bone taitieral con
and dietary intake (i.e energy, macronutrients and selected vitamins and minerals) could be found. These findings suoggbststhat
and practitioners should pay close attention to dietary intake and body composition of endurance athletes starting geatoal forep
competition. Future studies on changes of dietary intake and body composition during off-season and competitive phase, which al
track physical activity, are warranted.
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INTRODUCTION

It is well known that dietary intake has a significantind nutritional habits in endurance athletes, such as middle-
effect on athletes’ performance and health (Thoetad, and long-distance runners (Baranauskasl., 2017;
2016). Evidence suggests that athletes have elevated endégyrientoset al, 2020).
and nutrient requirements due to the heightened energy
expenditure caused by physical training (Kerksick, 2019), Besides dietary intake, body composition is an inte-
which led international organizations to establish specifigral part of assessing athletes' nutritional status (Manjarrez-
dietary recommendations for athletes (Thoetas, 2016). Bastidaset al, 2022). Since many endurance athletes have
In recent years, these recommendations have received carstrong desire to modify their body structure, evaluation
siderable attention both in research and practice. Maayd monitoring of body composition is important and could
researchers have used the published recommendationgdemtify relevant parameters of an athlete’s performance sta-
analyze dietary intake and identify potential problemtus. In fact, body composition has been shown to significantly
(Gogojewiczet al, 2020; Gomez-Hixsoat al, 2022). To influence endurance performance. That change may be
date, however, few studies have investigated dietary intagessible with proper attention and control of body
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composition (Franci®t al., 2017). Additionally, the could not present any injuries and needed to comply with
mentioned monitoring could identify relevant parameters ¢he adequate conditions for measurement of body
an athlete’s performance status (Mooses & Hackney, 201épmposition.
Despite the importance of evaluating body composition,
there is little published data on middle — and long-distan&etary intake registration and analysis.Three 24-hour
runners. It should be also noted that although there is a caletary recalls were conducted based on the protocol of Or-
siderable amount of literature on dietary intake of athletésgaet al (1999). These were registered by the Nutrition
internationally (Jennest al, 2019; Barrientost al, 2020; and Development Research Center (Centro de Investigacion
Dengelet al, 2020), little is known about the intake ofen Alimentacion y Desarrollo, CIAD, A.C). The 3-day food
athletes from Mexico. These issues are likely furtheecord included 2 weekdays and 1 weekend day to account
magnified at the college level, where nutrition-based suppdar food intake variability during the week.
services or educational resources are often not available to
athletes (Heanegt al, 2008; Parket al, 2018). Pictures, food replicas, and kitchen utensils (cups,
plates, silverware) were used as material. Data were
Therefore, this cross-sectional study was designguocessed using Excel spreadsheets, which contained special
to analyze dietary intake and body composition of healtipod codes from an extensive database (Food Processor
male college athletes from Mexico and to examine tHeSHA, 1987-98; United States Department of Agriculture,
potential relationship between body composition and dietalySDA; Instituto Nacional de Nutricién Salvador Zubiran,
intake variables. It was hypothesized that athletes have INNSZ D). This database contains a variety of foods,
adequate diet, which is reflected in their body compositiomcluding foods that are commonly eaten in Mexico
according to the CIAD and their amounts of macro— and
micronutrients.
MATERIAL AND METHOD
Dietary Intake Recommendations.The recommended
energy consumption was calculated by multiplying the basal
Study design.This cross-sectional study was conductechetabolism results with the Harris & Benedict formula (Roza
according to the Declaration of Helsinki and was approve®l Shizgal, 1984), with a fixed activity factor of 1.8
by the Universidad Autébnoma de Nuevo Ledn Bioethicappropriate for the formula used. Which would represent a
Committee (COBICIS-801/2015/124-01HCG/ 3rd Marchmoderate level of physical activity, in relation to their training
2015). Written informed consent was obtained fronfAmerican Dietetic Associatiogt al., 2009). Macronutrient
participants before participation. Body composition andhtake was calculated by multiplying athletes’ body mass
dietary intake evaluations were carried out in the same wewkh the grams per day (i.e, recommended 5.1 to 7 g/kg/d
in the Human Performance Laboratory of the Faculty dbr carbohydrates recommended values of 1.2 to 1.5 g/kg/d
Sports Organization of the same university at the beginnifigr protein and recommended .8 to 1.6 g/kg/d for fats),
of the general preparation phase. This period was chossmpared to nutrition recommendations of the Academy of
because assessments could be incorporated into regMNattrition and Dietetics, Dietitians of Canada, and the
medical screenings. American College of Sports Medicine (Rodrigustzal,
2009; Thomast al, 2016; Vitale & Getzin, 2019). Athletes’
Participants. Eighteen healthy male middle- and long-micronutrient intake was compared to the Dietary Reference
distance runners (mearstandard deviation [SD]: age 20.11Iintakes (DRIs) established by Whiting & Barabash (2006)
+ 2.72 y; body height, 174% 6.1 cm; body mass, 64#) and supported by Vitale & Getzin (2019). because some of
7.7 kg) participated in this study on a voluntary basishem do not have well-established values for athletes.
Participants were members of Autonomous University of
Nuevo Leon track- and field team and in the gener8ody Composition assessmenBody composition was
preparation phase for the national university games 201d&termined using dual X-ray absorptiometry (DXA, Lunar
The athletes followed the same training pattern during throdigy Advance, General Electric). All body composition
general preparation phase for national competition (i.e fireeasurements were carried out in the morning after an 12 h
days per week, two hours per training day, moderate lewalernight fast. The subjects were asked to wear shorts and
of physical) for about three months and some of the athletes metal embellishments and to avoid vigorous exercise the
were competing in both, middle- and long-distancday before the measurement. During measurements,
competitions. As inclusion criteria, they had to be part gfarticipants were asked to rest in a supine position, arms
the representative team of the University and attend theiretched to the sides of the body, to remain still and quiet
trainings regularly. As exclusion criteria, the participantand to breathe normally. All scans were performed and
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analyse by the same trained operator. The results of the DXAdependent variables representing the mean change in the
scan were used to estimate body fat (%), lean mass (%), aegendent variable given a one-unit change in the independent
bone mineral content (%), which were computed the systeweriable were reported with 95 % confidence intervals (Cl).
integrated software.

Statistical Analysis.Statistical analysis was performed usindRESULTS

IBM® SPSS® Statistics Software V26 for Windows (IBM

Corp., Armonk, NY, USA) and Python 3.6 (Python Soft-

ware Foundation, Beaverton, OR, USA). Descriptive Subjects characteristics such as age, body height, and

statistics were calculated and reported as means and stasdy mass are shown in Table I. Statistics of dietary intake

dard deviations (SD). The Shapiro-Wilk's normality test waand comparison with recommendations can be found in Table

carried out for each variable separately to determine whethkeiThe relationship between dietary intake variables and body

the data were normally distributed. Both normality tests dicbmposition is shown in Tables Il1I-V, respectively.

not demonstrate normal distribution, and therefore, the non-

parametric Wilcoxon signed rank-test was used to compare  Overall, athletes” calorie, carbohydrate, and fat intake

the mean difference between two corresponding samplesvere not significantly different from published
recommendations (p > 0.05). Only protein intake was

Aseries of Pearson’s linear correlation tests were usetjnificantly higher compared to recommendations (p=

to compare the relationship between every single depend8r@001). Similarly, iron, zinc, sodium, and vitamin C intake

body composition variable (n=3) and series of independentre significantly higher than recommended values. In

dietary intake variables (n=13) separately. contrast, potassium and calcium intake were below
established recommendations. Only vitamin A and vitamin

Statistical significance was accepted at a p-value of € consumption were in line with reference intake.

0.05 (2-tailed). The strength and direction of the linear

relationship was presented with Pearson’s correlation Correlations between all body composition variables

coefficients (R) ranging from -1 to +1. All coefficients for(i.e., body fat, lean mass, and bone mineral composition)
and independent variables (i.e., dietary intake) were generally
small and ranged from r=0.03 to r=0.43. None of the

Table I. Subjects’ characteristics (mearSD). correlations reached statistical significance.

Variable Athletes (n=18)

Age (y) 20.11+2.72

Body height (cm) 1747 £ 6.1 DISCUSSION

Body mass (kg) 64.0+7.7

Body fat (%) 18.1 £4.3

I];z?f; E?iser(:f’)comem %) 748'32 :(f '30 The aim of the study was to analyze the dietary intake
Basal metabolic rate (Kcal) 1685.9 + 122.1 and body composition of Mexican collegiate middle- and

Standard deviation; body composition variables are expressed as ‘VJQ}@g'd'Stance runm_ars and to examine potentlal relat'onSh'pS
overall body mass. between these variables.

Table II. Dietary intake of athletes and daily reference intake (me8ny.

Variable Intake (N=18) Recommendation p vaue
Energy (kcal) 29452 + 851.4 3034.62 +219.83 0.53
Znergy & Carbohydrates (g) 4374 +130.1 448.58 + 54.09 0.37
macronutrients Proteins (g) 119.1 £27.2 89.72+ 10.82 0.0001*
Fats (g) 94.2 + 46.8 10253+ 12.36 0.14
Calcium (mg) 1038.3 +421.1 1500.00 0.003*
Iron (Mg) 257 +6.1 13.60 0.000*
Minerals Potassium (mg) 3503.1 + 871.0 4700.00 0.001*
Zinc (mg) 16.7 £ 5.1 11.00 0.001*
Sodium (mg) 3213.2 + 1018.9 2300.00 0.002*
Vitamin A (mg) 1186.7 + 581.4 900.00 0.094
Jitamins Vitamin C (mg) 1359+ 621 100.00 0.010*
Vitamin E (mg) 129 +83 15.00 0.133

SD = Standard deviation; ingestion of athletes calculated as a mean of 3-day nutrition protocols. *p < 0.05.
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Table Ill. Regression correlation between body fat and dietary intake.

Variable R Coefficient 95% CI
Energy (Kcal) 0.11 0.001 -0.002 to 0.003
Energy & CHO.diffj. (%) 0.06 0.01 - 0.08t00.1
: Protein diff. (%) -0.19 -0.03 -0.11 t0 0.05
lacronutrients — pu¢ diff (%) -0.03 -0.003 -0.06 t0 0.05
Intake diff. (%) 0.003 - 0.00002 - 0.003 to 0.003
Calcium (%) 0.21 0.03 -0.051t00.11
Iron (%) 0.43 0.04 -0.004 to 0.09
Minerals Potassium (%) 0.25 0.06 -0.06t00.18
Zinc (%) 0.17 0.02 -0.03 to 0.06
Sodium (%) 0.27 0.03 -0.02 to 0.08
Vitamin A (%) 0.05 0.003 -0.03 t0 0.04
Vitamins Vitamin C (%) 0.11 -0.008 -0.04t0 0.03
Vitamin E (%) 0.12 0.01 -0.03 t0 0.05
Table IV. Regression correlation between bone mineral content and intake.
Variable R Coefficient 95% CI
Energy (Kcal) -0.17 - 0.00008 - 0.0003 to 0.0002
Energy & CHO diff. (%) - 0.09 -0.001 - 0.009 to 0.006
. Protein diff. (%) 0.13 0.002 - 0.005 to 0.009
1acronutrients g 4iff. (%) - 0.05 -0.0002 - 0.005 to 0.004
Intake diff. (%) 0.11 0.002 - 0.006 to 0.009
Calcium (%) - 0.10 -0.001 - 0.009 to 0.006
Iron (%) -0.43 -0.004 - 0.008 to 0.0004
Minerals Potassium (%) -0.15 -0.003 -0.014 to 0.008
Zinc (%) -0.12 -0.001 - 0.005 to 0.003
Sodium (%) -0.22 -0.002 - 0.006 to 0.003
Vitamin A (%) - 0.04 -0.0002 - 0.003 to 0.003
Vitamins Vitamin C (%) -0.10 -0.001 - 0.004 to 0.003
Vitamin E (%) -0.13 -0.001 - 0.005 to 0.003
Table V. Regression correlation between lean mass and dietary intake.
Variable R Coefficient 95% CI
Energy (Kcal) -0.10 - 0.0005 - 0.003 to 0.002
Encrgy & CHO diff. (%) -0.06 - 0.009 -0.09 to 0.07
\acronutrients Protein diff. (%) 0.19 0.03 -0.04t0 0.1
Fat diff. (%) 0.04 0.003 -0.46t00.53
Intake diff. (%) 0.03 0.004 - 0.075t0 0.083
Calcium (%) -0.21 -0.03 -0.10 to 0.04
Iron (%) -0.42 -0.04 -0.08 to 0.006
Minerals Potassium (%) -0.25 -0.05 -0.16 t0 0.06
Zinc (%) -0.16 -0.01 -0.06 t0 0.03
Sodium (%) -0.26 -0.02 -0.07 to 0.02
Vitamin A (%) -0.05 -0.003 -0.04t0 0.03
Vitamins Vitamin C (%) 0.12 0.008 -0.03 t0 0.04
Vitamin E (%) -0.11 - 0.008 -0.05t00.03

Carbohydrate consumption of 6.8 g/kg/dworth mentioning that the subjects are university students,
(recommended 5.1 to 7 g/kg/d, preparation phasejnd their eating habits can be described as basic and with
consumption was adequate according to the recommendietk variety. It is important to maintain a recommended
levels for their physical activity (Thomasal, 2016). The consumption of carbohydrates for endurance athletes (Vitale
most frequent foods and main sources of carbohydrat&ssetzin, 2019); however, special care is needed in defining
were cooked beans, corn tortillas and cola beverages. Ithgir quality.
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Protein intake of 1.9 g/kg/d was higher thamrunners), higher lean body mass (i.e., 85 % and 83 % for
recommended values of 1.2 to 1.5 g/kg/d (Thoetaal, middle- and long-distance runners, respectively) as well as
2016). The primary protein source was cooked chickehigher bone mineral content (i.e., 4.6 % for both middle-
followed by other meats and fried fish. Protein intake iand long-distance runners).
essential for the metabolic adaptation process and the
recovery of damaged muscular fibers; however, it is only It was hypothesized that the variation of athletes’ body
recommended in larger quantities for short periods durir@pmposition could be explained by dietary intake of
intensive training or when total energy and carbohydratedividuals. However, as shown above, no significant
intake is reduced (Mettlat al, 2010). Furthermore, there correlation was found, which could be due to the small
is evidence to suggest that protein intake during exercisample size and high interindividual variability of data
may have an ergogenic effect by delaying the runnerahalyzed. Another factor which could have influenced the
exhaustion (Phillips & Van Loon, 2011). results was the timing of the testing periods. As mentioned,

athletes were in the general preparation phase for a national

Fat intake was at the recommended level of .9 g/kgbmpetition. The general preparation phase is started after a
d (recommended .8 to 1.6 g/kg/d, preparation phase), fong off-season, potentially resulting in suboptimal body
the activity of the athletes. Athletes’ fat intake should be asmposition values and dietary habits. Therefore, future
recommended in public health guidelines and personalizptbjects should try to analyze dietary intake and body
according to the stage of training or the requirements of bodgmposition at various timepoints throughout the
composition (Larson, 2013). Relative recommended fabmpetitive year to account for seasonal fluctuations.
intake is between 20 % and 35 % of total calories. This wAsiother major source of uncertainty is the distance-specific
met by the subjects (i.e 22 %), however, saturated fat wggecialization of individual athletes. Although all athletes
higher than recommendations (i.e 29.5 % vs. 10 %uere carrying out nearly the same training program in the
respectively) (Thomaet al, 2016). The primary sources ofgeneral preparation phase and some of the athletes were
fat in the athletes™ diets were cold cuts and chips, whidompeting in both, middle- and long-distance competitions,
could explain the high percentage of saturated fats. Fats h#&vweannot be ruled out that the present findings would have
gained popularity among ultra-endurance athletes, but lireen different if the study had been conducted in middle- or
phases of moderate training, as seen in our sample, evidelocey-distance runners separately. Future studies with higher
does not support positive effects above recommended levedsnple sizes could address this and maybe even compare
(Vitale & Getzin, 2019). middle- and long-distance runners directly.

While most micronutrients were within Factors such as inadequate nutrition knowledge, time
recommendations, calcium and potassium levels are belspent practicing, accessibility and food availability, and
what is recommended for this sample of athletes. These lavadequate financial resources are often listed as key barriers
calcium intake levels can be explained by the poor qualitp adequate nutrition in athletes (Hearetyal., 2008).
of their diets and the lack of supplements. In facfTherefore, future studies should investigate these factors and
micronutrient deficits are commonly observed for calciunphysiological traits (i.e., body composition, performance,
vitamin D, and iron (Lukaski, 2004). Unfortunately, dietetc.), and dietary intake. In conclusion this study showed that
adaptations are generally not done until pathology is detectecther evaluation of dietary intake revealed poor food choices,
or there is a medical problem (Thongsl, 2016). Calcium probably resulting in inadequate intake of calcium and
iS necessary to maintain and repair bone tissue and atgdassium and high intake of sodium and saturated fats. It is
regulates muscle contractions. Therefore, runners with lauggested that collegiate athletes would benefit from
calcium intake may be at greater risk for injury (Frost, 2000putritional guidance. This could potentially result in improved

body composition and overall athletic performance.

In this study, male athletes had suboptimal body
composition values compared to other studies. Mean fat mass
was 18.2 %, 78.3 % was lean mass, and 4.37 % bone miGARCIA-DAVILA, M. Z.; RAMIREZ-SIQUEIROS, M. G.;
ral content. Santoet al (2014), investigated athletes in theBAUER, P.; MAKIVIC, B.; HERNANDEZ-CRUZ, G.;
same age range with preferable body composition valuB§NGEL-COLMENERO, B. R.; VALENCIA-FALCON, T

(10.4 %, 86 %, and 4.07 % for fat mass, lean mass, and bir%\'.E.Z'SEPU.LVEDA‘ R. & MARTINEZ-RODRIGUEZ, A.
nalisis de la ingesta dietética y composicion corporal de corredo-

mineral content, reSpeCt'_Vely)' _S'm'larly’ Dengﬂl_al. res universitariosint. J. Morphol., 41(3845-850, 2023.

(2020), found that collegiate middle- and long-distance

runners have lower body fat percent values (i.e., 10.8 % for ~ RESUMEN: El objetivo de este estudio transversal fue com-
middle distance runners and 12.5 % for long-distangarar laingesta dietética con las recomendaciones publicadas y ana-
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lizar la relacién potencial entre la composicion corporal y la ingesdanner, S. L.; Buckley, G. L.; Belski, R.; Devlin, B. L. & Forsyth, A. K. Dietary
dietética en corredores universitarios. Dieciocho atletas masculinos intakes of professional and semi-professional team sport athletes do not meet
sanos de media y larga distancia (edad 28,2172 afios; altura, i?g;1”;:3%“%%igcomme”dat'ons'A systematic literature revieutrients,
174’71_6’1 cm, me_lsa corporal, 6%07’7_ kg). fuerpn reCIUtado_S de Kerksick, C. M. Chapter 38 Requirements of Proteins, Carbohydrates, and
un equipo de atletismo de una universidad mexicana al comienzo degas for Athletesin: Debasis, B.; Sreejayan, N. & Chandan, F. S. (Eds.).
la fase de preparacion general de competiciones nacionales. Los\utrition and Enhanced Sports Performance. Muscle Building, Endurance,
participantes completaron tres recordatorios dietéticos de 24 horas,and Strength. 2nd ed. Amsterdam, Academic Press/Elsevier, 2019. pp.443-
que se utilizaron para estimar la ingesta dietética. La composicion 59.

corporal se midié6 mediante absorciometria de rayos X de enerbféson, T.Sports Nutrition: A Practice Manual for Professionallume 45.

dual (DXA). Los atletas mostraron altos valores de grasa corporgl 5th ed. Amsterdam, Elsevier, 2013.

Lai d . f ianificati | ukaski, H. C. Vitamin and mineral status: effects on physical performance.
a ingesta de proteinas fue significativamente mayor que las I’EC(?- Nutrition, 20(7-8)632-44, 2004.

mendaciones publicadas. La ingesta de hierro, zinc, sodio y Vitarmanjarrez-Bastidas, I. A.; Herndndez-Murda, J. A.; Salazar, C. C. M.; Avendafio-
na C fue significativamente superior a los valores recomendados, Soto, M.; Salazar-Landeros, M. M.; Soto-Pefia, J. L. & Barajas Pineda, L. T.
mientras que la ingesta de potasio y calcio estuvo por debajo de lasAnthropometric profile, somatotype and nutritional status of Mexican
recomendaciones establecidas. No se encontraron correlaciones sigtaekwondoinint. J. Morphol., 40(4p59-65, 2022.

nificativas entre las variables de composicién corporal (es decir, gra&gtie S- Mitchell, N. & Tipton, K. . Increased protein intake reduces lean

corporal, masa corporal magra, contenido mineral 6seo) y la ingesta 0%y Mass loss during weight loss in athletded. Sci. Sports Exerc.,
poral, P gra, ylaingesta,, 1356 37, 2010.

dietética (es decir, energia, macronutrientes y vitaminas y minerajgs,ses, M. & Hackney, A. C. Anthropometrics and body composition in East
seleccionados). Estos hallazgos sugieren que los entrenadores y [0gfrican runners: potential impact on performanize. J. Sports Physiol.
practicantes deberian prestar mucha atencion a la ingesta dietética yerform., 12(4422-30, 2017.

la composicion corporal de los atletas de resistencia que comiengigga, M.; Quizan, P.; Morales, G. & Preciado@dlculo de Ingestion Dietaria

la preparacion general para la competencia. Se justifican estudiosY Coeficientes de Adecuacion a partir de Registro de 24 Horas y Frecuen-
futuros sobre los cambios en la ingesta dietética y la composicion &2 & Consumo e Alimentos. Estimacion del Consumo de AlimBotuxa,

- Cuaderno de trabajo No. 1. Serie Evaluacion del Consumo de Alimentos.
corporal durante la fase fuera de temporada y competitiva, como Centro de Investigacion en Alimentacion y Desarrollo, 1999.

también un seguimiento de la actividad fisica. Parks, R.; Sanfilippo, J.; Domeyer, T.; Hetzel, S. & Brooks, A. Eating behaviors
and nutrition challenges of collegiate athletes: the role of the athletic trainer
PALABRAS CLAVE: Nutricion deportiva; Atletas uni- in a performance nutrition progra#thl. Train. Sport Health Care, 1017-
versitarios; Grasa corporal; Masa muscular; Dieta. 24, 2018.
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