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ABSTRACT: Despite the high prevalence of hypovitaminosis D among athletes and the proposed role of
vitamin D in musculoskeletal health and performance, data on vitamin D status in soccer referees and its
relationship with body composition and performance remain scarce. This cross-sectional study evaluated
25(OH)D concentrations and their associations with the sun exposure index (SEI), body composition, and
performance in a sample of 21 male referees (30.6 + 3.4 years) from the Brazilian Football Confederation.
Serum 25(OH)D concentration was assessed from blood samples, SEI by questionnaire, body fat percentage
(BF%), fat free mass, and bone mineral density (BMD) by dual-energy X-ray absorptiometry, calcium and
carbohydrate intake by 24-h recall, and performance by the repeated sprint ability (RSA) test. Associations
were examined using linear regression analysis adjusted for (1) age, (2) fat free mass, and (3) carbohydrate
or calcium intake. 76% presented serum 25(OH)D concentrations < 30 ng/mL. 25(OH)D was positively
associated with SEI (B = 1.17; p = 0.04, Cohen’s f> = 0.19), whereas no significant associations were
observed with BMD, BF% or RSA, even after adjustments. There is a high prevalence of hypovitaminosis
D among the soccer referees evaluated. Although 25(OH)D was not significantly associated with body
composition or performance, its positive association with SEI reinforces the importance of sun exposure.
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1. Introduction

Among the pleiotropic benefits of vitamin D are its key roles in maintaining and promoting
musculoskeletal health [1]. The metabolic actions of vitamin D occur through the interaction of its active
form (1.25-dihydroxyvitamin D) with the vitamin D receptor (VDR), which is expressed in various body
tissues, including bone, skeletal muscle, and adipose tissue. It is well known that vitamin D regulates
intestinal absorption and renal reabsorption of calcium and phosphorus and induces bone remodeling. Also,
vitamin D appears to be involved in cell proliferation and differentiation, regulation of calcium homeostasis,
muscle contractile function, growth, and modulation of damage-induced muscle inflammation [2,3].

However, despite the potential importance of vitamin D for athletes, hypovitaminosis D remains
common in sporting populations. A high prevalence of vitamin D insufficiency (30%; n =3725; <20 ng/mL)
[4] and inadequacy (56%; n = 2313; <32 ng/mL) was found in athletic populations [1]. Factors such as sun
exposure, seasonal variation, geographic location [1], age [4], gender [5], and body composition [6—8] have
been identified as important determinants of vitamin D status.

Evidence suggests that hypovitaminosis D can impair bone health and muscle function, increase the
risk of injury, delay muscle recovery, and compromise exercise performance [9]. In elite sports, particularly
professional soccer, layers and referees generally differ in body composition, training load, exercise
capacity, and nutritional requirements [ 10]. However, during the game, the physical/physiological demands
of the referees are similar to those of the players [11,12]. Thus, soccer referees require adequate physical
fitness and appropriate nutrition to cope with the duration and intensity demands of the match and support
accurate decision-making [13].

Although a high prevalence of hypovitaminosis D has been observed among athletes [1,4], data on
vitamin D status in soccer referees remain scarce. Furthermore, understanding the association of vitamin D
with body composition and physical performance may provide relevant information for nutritional
monitoring. Therefore, this study aimed to: (i) assess vitamin D levels and (ii) examine the associations
between serum 25(OH)D concentration and sun exposure habits, body composition, and sprint capacity in
elite national level soccer referees.

2. Materials and Methods
2.1. Sample

The participant selection was conducted through non-probabilistic sampling with members of the
Brazilian Football Confederation (CBF) of Santa Catarina—SC. There were 29 male soccer referees eligible
to participate in the study. Eight refused or could not participate due to travel or refereeing commitments.
The final sample consisted of 21 (72%) elite national level soccer referees.

The study was approved by the Federal University of Santa Catarina (UFSC) Human Research Ethics
Committee (protocol number: 2.572.301) and followed the guidelines established by the Declaration of
Helsinki. All participants provided informed written consent to participate. The eligibility criteria consisted
of not having a metal prosthesis in the body and not using vitamin D supplementation.

2.2. Data Collection

This observational cross-sectional study collected data in July 2018 (winter). Participants attended the
UFSC Department of Nutrition Body Composition Laboratory in the morning, following instructions to
fast overnight, wear appropriate clothing, and refrain from using any stimulants and from performing
moderate or intense physical activity the day before. During a laboratory visit, blood samples were collected
for analysis of serum 25(OH)D levels, body composition was assessed, and a sun exposure questionnaire
was administered. Food intake was assessed using three 24-h recalls collected on non-consecutive days
before the physical test; two were retrieved by phone, and one in person on the day of the laboratory visit.
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Repeated sprint ability (RSA) was assessed at the Athletics Center outdoors sports track at UFSC, from 5
pm in the afternoon. All data collection was performed by trained professionals.

2.3. Solar Exposure Questionnaire

Information on participants’ SEI was assessed using a simplified, adapted questionnaire [ 14] consisting
of five multiple-choice items related to habitual sun exposure, sunscreen use, and skin response to sun
exposure. Each response option was assigned a predefined score, and the final SEI corresponded to the sum
of the scores obtained in all items.

The questionnaire included the following items: (1) Frequency of being outdoors for more than 15 min
with arms and/or legs exposed and without sunscreen: daily = 8; 4 to 6 times a week = 6; 2 to 3 times a
week = 3.5; Once a week = 2; less than once a week or never = 1; (2) Time you normally do outdoor sports
without sunscreen: between 7 and 11 a.m. = 1; between 11 a.m. and 3 p.m. = 2; between 3 and 5 p.m. = 1;
after 5 p.m. = 0; I do not or rarely do outdoor sports = 0; (3) Frequency of using sunscreen: never = 3; 1 to
2 times a week = 2; 3 to 6 times a week = 1; daily = 0; (4) Sun Protection Factor (SPF) you normally use:
never = 3; SPF 15 = 2; SPF 30 = 1; SPF greater than 30 = 0; (5) What is your tendency to tan or burn?:
never burns or tans = 0; never burns but tans = 1; rarely burns or tans = 2; burns minimally and easily
browns = 3; moderately burning and evenly browning = 4; burns easily and tans minimally = 5; burns easily
and never tans = 6.

The final SEI ranged from 22 (high sun exposure, rarely uses sunscreen, burns easily, and does not tan
easily) to 1 (has no sun exposure habit, frequent use of sunscreen, never burns or tans).

2.4. Anthropometry and Body Composition

Body mass was recorded on an electronic scale (model RIW200 Welmy®, Sdo Paulo, SP, Brazil) with
a precision of 100 g. Height was measured on a stadiometer (Alturaexata®, Belo Horizonte, BH, Brazil)
with a precision of 1 mm. The collected body mass and height data were used to determine the body mass
index (BMI). Whole body bone mineral density (BMD), body fat percentage (BF%), and fat free mass were
evaluated by dual-energy X-ray absorptiometry (DXA) (Lunar Prodigy Advance, General Electric-GE®,
Madison, WI, USA). The device was calibrated before analysis, and the protocol used followed the
manufacturer’s instructions.

2.5. Food Intake

To assess food intake, three 24-h recalls for non-consecutive days were used. The first two recalls were
collected by telephone, and the last was collected in person on the day of the physical test. To reduce
potential biases, the Multiple Pass Method [15] and a photo album of home measurements were used as
supporting material. The same interviewer collected all recalls of all participants. The data obtained were
converted to grams or milliliters using the table of homemade measurements or weighed on an analytical
scale (model YP-B20002, Bioscale®, Paran4, PR, Brazil). Energy, carbohydrate, protein, vitamin D, and
calcium were assessed (Nutrition Data System for Research® software, Graduate Pack 2017 version; NCC
Food and Nutrient Database, University of Minnesota, Minneapolis, MN, USA). Inter- and intra-individual
variability in macro and micronutrient intakes was adjusted. In addition, micronutrient intake was adjusted
for the total energy value according to the residual method [15,16].

2.6. Vitamin D Serum Level Analysis

Blood was collected from the antecubital vein. Serum 25(OH)D was determined by Chemiluminescent
Microparticle Immunoassay (ADVIA-CENTAURXP®, Siemens, Munich, Germany). 25(OH)D
concentration was classified according to the Endocrine Society Clinical Practice Guideline parameters:
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adequate (25(OH)D > 30 ng/mL), insufficient (25(OH)D > 21 and <29 ng/mL), and inadequate (25(OH)D
<20 ng/mL) [17].

2.7. Repeated Sprint Ability

The RSA is used by the CBF according to International Federation of Association Football (FIFA)
protocols to evaluate referees’ physical agility and speed performance in fast runs during the season. To
pass the test, the field referees must complete six 40-m sprints within 6.1 s of each sprint, and the assistant
referees must perform five 30-m sprints within 4.8 s each. The recovery intervals between sprints were a
maximum of 60 and 30 s for the field and assistant referees, respectively. To characterize sprint capacity,
were considered the best sprint time (BT) and average sprint time (AT, mean of all sprints). The percentage
of time decrease across sprints (RSA) was evaluated according to the formula: RSA = [(AT/BT) * 100] —
100, which estimates the ability to resist fatigue during repeated sprint exercise [18].

2.8. Data Treatment and Analysis

Statistical analyses were performed using STATA for Windows, Version 13.1 (StataCorp LP, College
Station, TX, USA). Data normality was assessed using the Shapiro-Wilk test and visual inspection of g-q
plots and histograms. The referees were categorized according to their position (field or assistant), and
Student #-test or Mann-Whitney were used to compare the two groups. Linear regression, both crude and
adjusted, was used to examine the associations between the dependent variables (25(OH)D, BMD, and
RSA) and the independent variables (SEI, BF%, and 25(OH)D). Three adjustment models were tested: (1)
age, (2) fat free mass, and (3) food intake (carbohydrate intake for BF% and RSA regressions or calcium
intake for SEI and BMD regression). For RSA, all analysis were adjusted for referee position, as the RSA
protocols used differed between the two referee categories. The significance level p < 0.05 was adopted. In
addition, the quality of the models was assessed using the multicollinearity diagnostic techniques (VIF) and
the residual method. We verified the regression model adjustment assumptions regarding the residual’s
normality by Shapiro-Wilk test and visual assessment of graphs of the residuals. Cohen’s f> was used to
estimate the effect size (EF) of the results, and values were ranked as small (between 0.02 and 0.14),
moderate (between 0.15 and 0.34), and large (>0.35) [19].

3. Results

The characteristics of the sample (8 field referees and 13 assistant referees) and the results of the
physical test and food intake are presented in Table 1. There was no significant difference between field
and assistant referees for age, anthropometric and body composition variables, SEI, 25(OH)D levels, food
intake, and RSA performance.

Table 1. Sample characterization and description (mean £+ SD) of sun exposure index and vitamin D, food intake, and sprint
capacity in elite national level soccer referees (n = 21).

Total Field Referee Assistant Referee
N=21 N=8 N=13 p-Value
Sample characterization

Age (years) 31+3 31+4 30+3 0.41
Body mass (kg) 82+8 85+7 81+8 0.29
Height (m) 180.1 £54 181.1+3.7 179.5+£6.3 0.52
BMI (kg/m?) 253+1.6 258+ 1.8 249+ 1.4 0.26
BF% (%) 207 207 217 0.87
Fat free mass (kg) 66+ 8 69 £38 65+8 0.33

BMD (g/cm?) 130+ 0.10 1.30 +0.01 1.30 + 0.02 0.55
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Sun exposure and 25(OH)D
Frequency of exposure 48+23 53+£25 45+22 0.42
Time of exposure 0.6+0.7 0.6 +0.7 0.6 +0.8 0.98
Use of sunscreen 2.1+£0.6 1.7£0.5 24+£0.6 0.03
Sun protection factor 1.2+09 1.0£0.5 14+1.1 0.38
Tendency to tan or burn 39+1.1 44+1.1 37+1.1 0.18
SEI 13+3 13£2 13+3 0.70
25(0OH)D (ng/mL) 27+8 29+8 26+ 8 0.39
Food intake
Energy (kcal) 2510 + 230 2580 + 250 2472 + 225 0.32
Energy (kcal/kg) 31+4 31+4 31+4 0.86
Carbohydrates (g) 240+ 70 240+ 70 230£70 0.73
Carbohydrates (g/kg) 2.9+0.9 29+£1.0 2.9+0.8 0.8
Protein (g) 150 + 30 160 + 40 150 + 30 0.35
Vitamin D (mcg) 54+1.7 59+24 50+1.2 0.26
Calcium (mg) 830 £230 820 + 290 840+ 210 0.92
Performance
BT (s) - 56+0.2 44+£0.2 -
AT (s) - 55+0.2 43 £0.1 -
RSA (%) - 1.7+0.8 23+1.5 0.36

Legend: 25(OH)D, 25-Hydroxyvitamin D. AT, Average Sprint Time. BF%, Body Fat Percentage. BMD, Bone Mineral Density.
BMI, Body Mass Index. BT, Best Sprint Time. RSA, Percentage of Time Decreased in Sprints. SEI, Sun Exposure Index.

Differences between groups were tested by the student # test.

Five (24%) referees had adequate vitamin D status, while thirteen (62%) and three (14%) had
insufficient and inadequate vitamin D status, respectively. Fifteen (72%) self-reported white ethnicity, three
(14%) brown ethnicity, and three (14%) chose not to answer.

In regression analysis (Table 2), SEI was positively associated with 25(OH)D concentrations (B =1.17;
p = 0.043), with a moderate ES (Cohen’s f> = 0.19). This association remained statistically significant after
adjustment for fat free mass (B = 1.23; p = 0.045), although the EF was small (Cohen’s f>= 0.13). In contrast,
25(0OH)D concentrations were not significantly associated with BMD or BF% neither with RSA in all

analyses performed (Table 2).

Table 2. Relationships between 25(OH)D and sun exposure variable, body fat percentage and sprint capacity in elite soccer

referees (n =21).

Dependent

Independent

Variable Variable B 1C95% p-Value R? VIF Cohen’s f?
Crude 1.17 0.004-2.308 0.043 0.157 - 0.19
25(OH)D SEI Model 1 0.93 -0.110-1.976 0.08 0.320 1.04 0.47
Model 2 1.23 0.028-2.439 0.045 0.117 1.07 0.13
Crude 0.001 —0.002-0.005 0.43 0.032 - 0.03
BMD 25(0H)D Model 1 0.001 —0.002-0.006 0.41 0.068 1.37 0.07
Model 2 0.001 —0.001-0.004 0.38 0.414 1.00 0.71
Model 3 0.001 —0.002-0.05 0.41 0.032 1.00 0.03
Crude —0.12 —0.677-0.437 0.66 0.045 - 0.05
25(0H)D BF% Model 1 —0.18 —0.672—-0.303 0.44 0.214 1.01 0.27
Model 2 —0.15 —0.872-0.579 0.68 0.098 1.06 0.11
Model 3 -0.21 —0.759-0.340 0.43 0.038 1.05 0.04
Adjusted ? 0.02 —0.013-0.054 0.23 0.107 1.04 0.12
RSA 25(OH)D Model 12 0.02 —0.018-0.063 0.26 0.047 1.27 0.05
Model 2 2 0.02 —0.009—-0.049 0.17 0.272 1.06 0.37
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Model 3 * 0.007 —0.025-0.040 0.63 0.209 1.13 0.26
Legend: B, regression coefficient. I[C95%, 95% confidence interval. 25(OH)D, 25-hydroxyvitamin D. BF%, body fat percentage.
BMD, bone mineral density. RSA, the percentage of time decreased in sprints. SEI, Sun Exposure Index. Model 1 adjusted for
age. Model 2 adjusted for fat free mass. Model 3 adjusted for food intake (carbohydrate intake for %BF and RSA regressions or
calcium intake for SEI and BMD regression). * For RSA, all analysis were adjusted according to the referee’s position, since the
RSA protocols differed between the two referee categories.

4. Discussion

To our knowledge, this was the first study that evaluated the prevalence of hypovitaminosis D and the
associations between serum 25(OH)D, SEI, body composition, and sprint capacity in a FIFA-certified
physical test in soccer referees.

The majority of the referees evaluated (>70%) had serum 25(OH)D levels < 30 ng/mL, in agreement
with a previous systematic review that reported a high prevalence of vitamin D insufficiency (30%; n = 3725;
<20 ng/mL) [4] and inadequacy (56%; n = 2313; <32 ng/mL) [1] in athletes. Similarly, a high prevalence of
hypovitaminosis D (<30 ng/mL) has also been reported in soccer players, ranging from 64% (n = 28) [20] to
84% (n = 342) [21]. The high prevalence of hypovitaminosis D was noteworthy, considering that the study
was conducted in a subtropical region and that soccer refereeing is predominantly performed outdoors.

Seasonal variations in serum 25(OH)D concentrations have been reported in soccer players, with
vitamin D insufficiency and deficiency occurring more frequently during the autumn and winter months
[22], whereas higher concentrations of vitamin D metabolites are typically observed during summer [23].
This seasonal factor may partially explain the high prevalence of hypovitaminosis D observed in our sample.
The present study was conducted in the middle of winter (i.e., July), when UVB radiation levels are reduced,
and there is an increase in clothing use, and consequently, reduced endogenous synthesis of vitamin D [17].
Notably, although evidence regarding seasonal 25(OH)D variations in Brazilian athletes remains scarce,
the present study provides evidence that sun exposure may be an important determinant of serum 25(OH)D
in Brazilian soccer referees evaluated during the winter season. In our study, SEI was the only variable that
predicted serum 25(OH)D in crude (B = 1.17; p < 0.05; Cohen’s f> = 0.19) and when adjusted for fat free
mass (B=1.23; p <0.05; Cohen’s f> = 0.13). This finding is consistent with a previous study demonstrating
a positive association between sun exposure and serum 25(OH)D concentrations [24] and reinforces the
well-established role of sun exposure in endogenous vitamin D synthesis [17]. Additionally, although
seasonal variations in vitamin D have been reported in a population-based study of Brazilian adults, which
showed lower serum 25(OH)D in winter than in fall, spring, and summer [25], evidence among Brazilian
athletes remains scarce. Therefore, our findings contribute to the limited evidence on vitamin D status in
Brazilian soccer referees during the winter, highlighting the importance of monitoring its status and sun
exposure even in athletes of a predominantly performed outdoor sport in a subtropical region.

The relationship between adiposity and vitamin D has been extensively investigated. One proposed
mechanism is that vitamin D may be sequestered within the vast body fat pool, therebyeducing its
bioavailability and resulting in obesity-linked hypovitaminosis D [26]. The volumetric dilution has also
been proposed as an explanation, suggesting that lower serum 25(OH)D concentrations may reflect
distribution across body volume in individuals with greater body size, rather than reduced vitamin D stores
[27,28]. Previous studies have identified body fat as an important predictor of 25(OH)D concentrations
[29-31], also evidence in collegiate athletes, evaluated by DXA, has also identified body fat as an important
predictor of 25(OH)D concentrations, but not other body composition variables [30]. However, in the
present study, no statistically significant association was observed between BF% and 25(OH)D
concentrations in either crude or adjusted analysis. Although it is still not yet clear whether a high level of
body fat is an indicator of risk of hypovitaminosis D in athletes, our findings suggest that BF% is not a
major determinant of vitamin D status in this sample of soccer referees.
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Previous evidence has demonstrated a positive association between 25(OH)D and bone health in
athletes [32], however, other studies have not observed statistically significant associations [24,29,33].
Consistent with these findings, no significant association between 25(OH)D concentration and BMD was
observed in the present study. Although adjustment for fat free mass increased the EF (Cohen’s f> = 0.71),
the association remained statistically nonsignificant. Nevertheless, the model explained approximately 41%
of the variance in BMD (R* = 0.41), suggesting that factors related to body composition may contribute to
bone health outcomes. This finding is plausible considering that (1) bone health is strongly influenced by
mechanical loading and exercise-related adaptations [34], and fat free mass is one of the determinants of
skeletal loading; and (2) during winter months, the period when data collection took place, muscle mass is
suggested to play an important role in vitamin D homeostasis acting also as a reservoir [35,36].

However, the relationship between vitamin D and BMD is likely influenced by many factors, such as
age, sex, sports modality, genetics, BMD measurement sites [37], calcium intake, and energy and
carbohydrate availability [38]. In the present study, eleven (52%) referees had calcium intakes lower than
the recommended by the Dietary Reference Intakes (DRI) (<800 mg/day) [39], while mean energy and
carbohydrate intakes were approximately 30 kcal/kg/day and 3 g/kg/day, respectively. Although dietary
adequacy was not specifically evaluated, these findings highlight the multifactorial nature of bone health
and suggest that the relationship between serum 25(OH)D and BMD in athletes warrants further
investigation, particularly considering body composition and dietary factors.

As is well established, during the game, the physical/physiological demands of the referees are similar
to those of the players [11,12]. Thus, soccer referees’ performance is crucial for sustaining the match’s
duration and intensity and supportingccurate decision-making [13]. Through a match, referees are
submitted to repeated periods of high-intensity running, acceleration, deceleration, and sprinting [11,12].
In this context, in our study, the performance was evaluated by RSA, considered a relevant indicator of
match-related performance in athletes of team sports [40,41] and soccer [40]. The RSA consists in the
evaluation of physical agility and speed performance in fast runs suggested to provide a relevant measure
of explosive power, maximal oxygen consumption and muscle buffer capacity [40,41], also this test is
included in the CBF protocol for evaluating referees according to FIFA [42]. However, the mechanisms
underlying the influence of vitamin D and muscle function are not fully understood [3]. Other authors have
investigated associations between serum 25(OH)D and performance in intense, short-term efforts, whether
performed once or repeatedly, but findings have been consistent [9,43,44]. Partially consistent with our
result, ref. [44] evaluated 50 ice hockey players (62% with hypovitaminosis D, 25(OH)D < 30 ng/mL) and
found no associations between 25(OH)D and performance in a 5x6 repeated sprint cycle ergometry test and
the vertical jump test. In contrast, in 67 male soccer players (55% with hypovitaminosis D, 25(OH)D < 30
ng/mL), 25(OH)D was inversely associated with times in single sprints of 10 m and 30 m and directly
associated with performance in vertical jumps [43]. Interestingly, another study observed that the
association between 25(OH)D and performance is influenced by indoor or outdoor training and by season.
The authors evaluated the association between physical test and serum 25(OH)D in spring and autumn in a
sample of indoor (7 = 22) and outdoor (n = 25) athletes and did not find an association between performance
parameters and 25(OH)D in the indoor group, although they observed a positive association between
25(0OH)D and countermovement jumps in only outdoor group and during autumn [45]. In the present study,
serum 25(OH)D was not a predictor of RSA, even after adjusting for the referee position and models 1, 2,
and 3. Nevertheless, the model adjusted for fat free mass showed a large EF (Cohen’s 2 =0.37), and besides
not being statistically significant (p = 0.16), the model explained 27% of the variability in RSA performance
(R?=0.27). Although the association remained nonsignificant, this finding suggests that body composition
should be considered when investigating the association between 25(OH)D and sprint performance.

The present study has limitations. First, its cross-sectional design precludes causal inferences and does
not allow the evaluation of seasonal variations in vitamin D status. The data collection was in winter, which
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limits the generalization of these findings to other seasons. The relatively small sample size (N = 21) may
have reduced the statistical power to detect small to modest associations, increasing the risk of type II error.
Therefore, the interpretation of associations should be approached with caution, particularly regarding the
generalizability of the findings. In addition, sun exposure habits were assessed through self-reported
measures, which may be subject to recall bias. Despite these limitations, the study has important strengths:
(1) assessment of body composition using the DXA reference method; (ii) assessment of food intake using
the Multiple Pass Method and NDSR software (Nutrition Data System for Research®); (iii) the use of the
residual method [16] to adjust inter- and intra-personal variability of nutrients and to adjust micronutrients
by the total energy value; and (iv) the application of official RSA protocols referenced by FIFA and CBF
in the assessment of the sprint capacity of soccer referees.

5. Conclusions

The study found a high prevalence of hypovitaminosis among Brazilian soccer referees. Despite
25(OH)D was not significantly associated with body composition or performance, its positive association
with sun exposure reinforces the importance of sun exposure, mainly during the winter season. We
recommend routine screening of 25(OH)D in this population, and we suggest that referees would benefit
from dietary advice in order to improve health.
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