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Abstract

Vitamin D, an essential hormone, has gained attention for its potential impact on athletic performance
and well-being. This study aimed to establish customized reference ranges of 25-hydroxyvitamin D
(25(OH)D) for Indian athletes, considering factors such as gender, athletic disciplines, and
indoor/outdoor sports. This study also assessed the prevalence of vitamin D deficiency or insufficiency
among Indian athletes according to the standards set by the Endocrine Society and Institute of Medicine.
The study included 543 athletes (242 male, 301 female) from various sports in India. Standardized
laboratory methods and questionnaires were used to assess 25(OH)D levels and to gather information on
sunlight exposure, skin phototype, training experience, and dietary habits of the athletes. The 95%
reference intervals for 25(OH)D levels among Indian athletes were calculated using Med Calc software
2016 according to CLSI guidelines C28-A3 and found to be 17.62-59 ng/mL, with slightly lower levels
for females (15.1-58.8 ng/mL) compared to males (21.4-63.9 ng/mL). Indoor participants exhibited lower
levels (13.8-79 ng/mL) compared to outdoor participants (18.1-63.4 ng/mL). These reference ranges
closely align with the Institute of Medicine (IOM) standards. Based on IOM standards, Indian athletes
exhibited a notably lower prevalence of vitamin D deficiency/insufficiency, with only 10% affected, in
contrast to the guidelines of the Endocrine Society, which reported a higher prevalence of 37.7%.

These findings offer valuable insights into optimizing 25(OH)D levels for Indian athletes, aiding sports
scientists, trainers, and nutritionists in evidence-based guidelines for preventing hypovitaminosis D and
enhancing athletic performance and well-being.

These findings enable sports scientists, trainers, and nutritionists to accurately interpret the results,
identifying suboptimal vitamin D levels in athletes. Consequently, these insights are valuable for
optimizing 25(OH)D levels among Indian athletes, ultimately enhancing their performance and overall
well-being.

Keyword: Reference ranges, reference Intervals, 25-hydroxyvitamin D, Hypovitaminosis D,
Suboptimal Vitamin D

1. Introduction

Athletic performance is affected by multiple factors, like genetics, environment, nutrition, and
training. Decades of exploration have substantiated that vitamin D is also essential for skeletal
muscle growth, immune function, inflammatory modulation, athletic performance, and
recovery beyond its established role in bone health and calcium homeostasis.

Suboptimal vitamin D levels were widely observed among the general population worldwide,
and a high incidence of vitamin D deficiency or insufficiency has been documented in athletes
from both outdoor and indoor sports (de La Puente Yagie et al.,) UL In athletes, Vitamin D
deficiency and sufficiency incidence vary by season, training location, sport, and skin color.
Vitamin D levels will be comparatively low during the winter months. Athletes who
predominantly train indoors and at higher latitudes generally have lower vitamin D levels
when compared with those who train outdoors and at lower latitudes. However, suboptimal
vitamin D status can be seen even in countries near the equator when the sun is avoided, or
skin is shielded. In athletes, low vitamin D levels are associated with an increased risk of acute
illness, inflammation, injury, stress fractures, muscle pain/weakness, and decreased muscle
performance. On the other hand, optimum vitamin D levels may favor their performance in sports.
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1.1 Plausible relation between Vitamin D and athletic
performance

Vitamin D receptors (VDR) and vitamin D response elements
(VDREsS) are found in almost every human tissue, including
skeletal muscle (Bouillon et al., 2008) 2. Vitamin -D has been
shown to play multiple roles in the human body and regulates
about 2,000 genes that modulate protein synthesis, cell
growth, and immune functions (Cannell et al., 2009) [,
Hence, maintaining higher levels of vitamin D could benefit
athletic performance.

Relation between Vitamin D and Skeletal muscle activity:
Vitamin D3 receptors exist in human skeletal muscle tissue,
showing that 1,25-dihydroxy vitamin D directly affects
skeletal muscle activity. The experimental evidence implies
that vitamin D influences skeletal muscle by turning on the
expression of genes that control muscle growth and
differentiation, particularly in fast-twitch (type II) fibers
(Girgis et al., 2013) Y observed a positive correlation
between sufficient vitamin D levels and muscle function
parameters such as muscle strength, jump height, jump
velocity, power, capacity, and exercise performance.

Vitamin D and Recovery: Rapid recovery is essential for
athletes who often train at high intensities. Human skeletal
muscle responds to training stimuli or tissue damage through
remodelling. During recovery, 1,25-dihydroxy vitamin D
increases myogenic differentiation and proliferation and
down-regulates myostatin, an inhibitory regulator of muscle
synthesis.

Force and power production in skeletal muscle: Vitamin
D3 has also been reported to enhance skeletal muscle
muscular force and power output, possibly by acting on
calcium-binding sites on the sarcoplasmic reticulum, leading
to enhanced cross-bridge formation and muscular contraction.
Recent investigations have indicated that vitamin D3 may
have the potential to enhance both the size and the number of
type Il muscle fibres.

Association between Vitamin D and Testosterone:
Testosterone is a steroid hormone involved in muscular
adaptations to training. A cross-sectional study done on 2299
older men (62 + 11 years of age) showed that 25(0OH) D levels
correlated with testosterone and androgen levels in men. Low
testosterone levels are associated with decreased protein
synthesis, strength, beta-oxidation, and increased adipose
deposition in young men. Thus, optimum Vitamin D levels
may be needed in athletes to optimize natural androgenic
production.

Role of Vitamin D in Inflammation: Vitamin D is also
known to control inflammation. Vitamin D induces the
production of numerous anti-inflammatory  cytokines,
including transforming growth factors and interleukins such
as IL-4, IL-10, and IL-13, and reduces the production of pro-
inflammatory cytokines, namely IL-2, IL-6, interferon-y, and
tumor necrosis factor (TNF-a), etc.

Influence of Vitamin D on Immunity: Vitamin D functions
as an essential regulator of innate immunity, plausibly by
turning on broad-spectrum antimicrobial peptides (AMP)
gene expression. It is apparent that prolonged intense training
suppresses innate immune function and increases the risk of
upper respiratory tract infection. Vitamin D deficiency may
also influence susceptibility to such infections in athletes.
Health and Vitamin D: Gagnon et al. ' conducted a study
among 4,164 adults (Meaning age 50 years) to evaluate the
prospective association between Vitamin D levels and
Metabolic Syndrome (MeS). After five years of follow-up,
they found out that the adults with blood 25(OH)D levels of

https://www.kheljournal.com

<18 ng/mL and 18-23 ng/mL had an increased risk for
developing metabolic syndrome compared to adults who had
a blood 25(0OH) D level of >34 ng/mL (Gagnon et al., 2012)
(101 Other studies also validated the same (Deleskog et al.,
2012) I8, Many observational studies have correlated vitamin
D deficiency with medical conditions such as autoimmune
diseases, diabetes, cancer, and muscle weakness (Girgis et al.,
2014; Holick, 2007b) [*2,

Most studies have reported the health benefits of vitamin D in
healthy sedentary persons and mobility-limited elderly
men/women. They are yet to be assessed in the athletic
population. On the other hand, few researchers have shown
that the Vitamin D intervention could elicit improvement in
the squat test, vertical jump test, maximal oxygen uptake (VO
max), power output (watts), and muscle strength.

1.2 Reference ranges of Vitamin D for athletes

No specific reference ranges are set for Vitamin D levels in
Indian athletes, and the blood level of 25(OH)D defined as
vitamin D deficiency remains uncertain. Two sets of
standards for Vitamin D were framed. One is by the Institute
of Medicine (IOM), and the other is by the Endocrine Society.
The Institute of Medicine (IOM) considered the 25(OH)D
level above 20 ng/mL as the sufficient level necessary for
good hone health. However, considering the other additional
benefits of optimum vitamin D in improving muscle function
and reducing several chronic illnesses, the Endocrine Society
referred to the 25(OH)D levels <20 ng/mL as a deficiency,
levels between 21-29 ng/mL as vitamin D insufficiency and
above 30 ng/ml as sufficiency (Holick, 2007b; Holick et al.,
2011) [ 161 Moreover, in most of the labs, the 25(OH)
Vitamin D levels between 32-100 ng/ml are considered the
normal range. In addition to this, some studies have suggested
that when 25(0OH)D level is between 30 - 40 ng/mL, PTH
levels decrease and reach the plateau indicating the maximum
effect of vitamin D on calcium metabolism and bone health
(Chapuy et al., n.d.; Elissa T Homas et al., 1998; Holick et al.,
2005) 71,

Endocrine Society

Condition I0M Guidelines Guidelines
ng/mL | nmol/L ng/mL nmol/L
Deficient <12 <30 <20 <50
Insufficient |12 to 20| 30-50 21-29 52.5-72.5
Sufficient > 20 >50 30-100 75-250
Ideal 40-60 100-150
Considered safe <100 < 250
Toxic > 150 > 375

This study aimed to establish customized reference ranges of
25-hydroxyvitamin D (25(OH)D) for Indian athletes and
assess the prevalence of vitamin D deficiency or insufficiency
based on the standards set by the Endocrine Society and IOM.

2. Materials and Methods

A total of 543 athletes (242 male and 301 female) were
recruited for this study. The participants, with an average age
of 20.79+3.56 years, had an average weight of 58.03+10.95
kg and a height of 167.38£8.68 cm. These athletes
represented  diverse  disciplines, including athletics,
Taekwondo, Hockey, and Weightlifting. They were selected
from the pool of athletes who regularly underwent
biochemical evaluations at the Department of Exercise
Biochemistry, Sports Authority of India, NSSC, Bengaluru.
To obtain additional details related to health status, history of
hospitalization, medication usage, supplementation practices,

~ 149~


https://www.kheljournal.com/

International Journal of Physical Education, Sports and Health

dietary habits, and skin phototype, comprehensive
questionnaires were administered to the participants. Before
they participated in the study, all participants were thoroughly
briefed about the study's objectives and procedures. Written
informed consent was obtained from each participant,
ensuring their understanding and voluntary agreement to take
part in the research.

2.1 Inclusion and Exclusion criteria: athletes of both
genders from indoor and outdoor games between the age of
12-36 years with no known comorbidities and who are not on
Vitamin D supplementation from the past six months were
included in the study. Athletes on vitamin D supplementation
or with known illnesses of renal disease, liver disorder, and
skin diseases are excluded from the study. Of the 643 athletes,
100 (37 male and 63 female athletes) were excluded from the
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study due to the recent /current history of Vitamin D
supplementation, and the remaining 543 athletes (242 male
and 301 female) aged 20.79+3.56 years with an average
weight of 58.03+10.95 kg and height of 167.38+8.68 cm,
were included in this study. Among these, 47 are from indoor
sports, and 496 are from outdoor sports.

Training Experience: About 90% of the participants had
training experience of more than three years in their specific
sports discipline, and around 10% had 1-3 years of
experience.

Skin Phototype: Details of the skin phototype were collected
based on the classification of Fitzpatrick skin type (or
phototype) since the cutaneous synthesis of vitamin D3 is
greatly affected by the levels of the skin pigment melanin.
Fitzpatrick’s skin type is a way to classify the skin by
its reaction to exposure to sunlight (as mentioned in Figure I).

TYPE 1 TYPE 2 TYPE 3
Light, White, Medium,
Pale White Fair White to Olive
Always bums, Usually burns, Burns mildly,

never tans. tans with tans gradually.
difficulty.

Olive, Brown, Black, Very Dark
Moderate Brown Dark Brown Brown to Black
Rarely bums, Very rarely bumns, Never bumns,
tans with ease. tans very tans very easily.
easily.

TYPE 4

TYPE 5

TYPE 6

Fig 1: The Fitzpatrick Skin Phototype Scale

The skin phototype of most of the participants was type 1l
(45%), followed by Type 1l (22.8%), Type IV (20.8%), Type
| (5.6%), Type V (5.1%), and type VI (0.4%). So, 88.8% of

the participants fell into the categories between type 1l to IV.
The same has been depicted in image II.

250

200

Frequency

100

50

Histogram

Skin Phototvoe

Mean = 298
Std. Dev, = 949
H=543

4.00 5.00 6.00

Fig 2: Skin Phototype Distribution of Participants.

Dietary habits: 89.5% of the participants (486 out of 543)
were nonvegetarians, 5.7% (31 out of 543) were eggetarians,
4.2% (23 out of 543) were pure vegetarians, and 0.6% (3 out
of 543) were following a vegan diet.

Daily sun exposure: The cutaneous synthesis of vitamin D by
UVB rays is greatly affected by many factors such as season,
time of day, latitude, altitude, Zenith angle, air pollution, skin
pigmentation, sunscreen use, and aging (Wacker & Holick,
2013) (231,

The zenith angle will be increased at higher latitudes, early

morning, and late afternoon. The solar zenith angle is more
oblique during early morning and late afternoon; hence, very
few UVB photons can reach the Earth. Therefore, less vitamin
D3 can be produced in the skin before 10 a.m. and after 3
p.m., even during summer (Holick, 2007a) [*4l. The details of
sun exposure duration were collected from the study
participants, 60% of the participants reported less than 30
minutes of sun exposure, and 40% reported more than 30
minutes of daily exposure between 10 a.m. and 3 p. m.
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3. Specimen collection and assay: All the participants
refrained from sports training 24 hours before the sample
collection (Pre-exercise) to avoid acute exercise-induced
shifts in plasma volume. Overnight fasting blood samples
were collected from the participants in a seated position from
the antecubital vein into plain evacuated tubes with a clot
activator. Following clotting, the sample is centrifuged at
1000 g for 10 minutes to separate the serum for 25(OH)
vitamin D analysis. 25(OH)vitamin D levels were analyzed by
using 25(0OH) Vitamin D ELISA kit by Calbiotech.

4. Statistical Analysis

The numerical data obtained were analyzed using SPSS
software (version 23.0). All values are expressed in
meanzstandard deviation. The Frequencies were used to
understand the Vitamin D status among the athletic
population. The Vitamin D deficiency and insufficiency
prevalence were measured in the Indian athletic population as
per the norms suggested by the IOM and Endocrine Society,

https://www.kheljournal.com

Shapiro-Wilk test was used to check the normal distribution,
the Tueky test was used for identifying the outliers (Horn et
al., 2001) 181 and the 95% reference intervals were calculated
by using Med Calc software 2016. Clinical and Laboratory
Standard Institute (CLSI) guidelines C28-A2 and C28-A3
were used for estimating percentiles and their 95% Reference
intervals (Ozarda, 2016). The robust method was used as an
alternative to the percentile method where the sample size is
less than 120.

5. Results

Table 1: Basic details of the participants (N= 543)

Variable Mean £SD
Age (years) 20.79+3.56
Height (cm) 167.38+8.68
Weight (Kg) 58.03+10.95

Table 2: 25 (OH) Vitamin D status in athletes as per Endocrine Society Guidelines

Groups N statistic | 25(OH) Vitamin D ng/mL (Meanz SD) Deficiency% |Insufficiency%b|Sufficiency%oVit D >100 ng/ml
All athletes 543 36.49+20.13 10.1 27.6 61.1 1.1
Male Athletes 242 39.98+22.1 5.8 21.1 715 1.6
Female Athletes 301 34.48+18.14 13.6 32.9 52.8 0.6
Indoor athletes 47 36.26+15.83 14.9 27.7 57.4 0
Outdoor athletes 496 36.51+20.5 9.7 27.6 61.5 1.2
Table 3: 25 (OH) Vitamin D status in athletes as per IOM guidelines
Groups N statistic|25(OH) Vitamin D ng/mL (Mean +SD)| Deficiency% | Insufficiency%b | Sufficiency% |Vit D >100 ng/ml
All athletes 543 36.49+20.13 1.5 8.6 88.8 1.1
Male Athletes 242 39.98+22.1 0.8 5 92.6 1.6
Female Athletes 301 34.48+18.14 2 11 86.3 0.6
Indoor athletes 47 36.26+15.83 0 14.9 85.1 0
Outdoor athletes 496 36.51+20.5 2 7.7 90.9 1.2
Table 4: 25 (OH) Vitamin D status in athletes of different sports as per Endocrine Society Guidelines
Sports Discipline] N statistic | 25(OH) Vitamin D ng/mL (Meanz SD) |Deficiency %|lInsufficiency %|Sufficiency%o|Vit D >100 ng/ml
Athletics 246 40.27+26.5 10.2 28.5 58.9 2.4
Hockey 250 32.8+10.8 9.2 26.8 64 0
Taekwondo 29 36.33+15.48 10.3 31 58.6 0
Weightlifting 18 36.2+16.85 22.2 22.2 55.6 0
Table 5: 95% Confidence Interval of 25 (OH) Vitamin D in athletes (CLSI C28-A3)
e 25(0OH) Vitamin D ng/mL Lower |90%CI for Lower . .| 90% ClI for the
Groups N statistic™ Mean Median Limit Limit Upper Limit Upper limit
All Athletes 479 32.2 32.1 17.62 16.88-19.09 59 56.2 -59.7
Male Athletes 222 36 33.6 21.4 20.43-23.16 63.9 59-69.9
Female Athletes 267 30.9 30 15.1 14.7 -16.7 58.85 54.4-59.7
Outdoor Athletes 453 33.2 32.6 18.1 16.8- 19.2 63.4 60.7-69.4
Indoor athletes” 47 33.3 32.4 13.8 11.82-16.11 79.3 65.3-93.4
Athletics 236 34.7 32.1 14.1 12.2-16.2 90.8 70.5-99.3
Hockey 229 32.6 33 20 18.8-20.7 54.8 52.1-57.5

N Statistic* after excluding the outliers; # The robust method was used as an alternative to the percentile method.

100 |-

10

VitaminD

Fig 3: Distribution of 25(OH)Vitamin D in Indian Athletes
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Fig 4: Distribution of 25(OH)Vitamin D in Male Athletes
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Fig 5: Distribution of 25(OH)Vitamin D in Female Athletes

6. Discussions

Out of 543 athletes who participated in this study, 242 were
male athletes, and 301 were female athletes. Forty-seven out
of 543 were from indoor sports, such as Taekwondo (29
participants) and Weightlifting (18 participants), and the
remaining 496 were from outdoor sports, such as athletics
(246 participants), and hockey (250 participants). The mean
age of the participants was 20.79+3.56 years. The average
25(0H) Vit D levels of participants from both genders were
36.49+20.13. In male athletes, it was 39.98+22.1, and in
female athletes, it was 34.48+18.14.

Comparison of 25(OH)Vitamin D levels as per the
standards of the Endocrine Society: As per the standards set
by the Endocrine Society, 10.1% of Indian athletes were
vitamin D deficient, 27.6% were insufficient and 61.1% of the
total athletes had sufficient Vitamin D levels. (i.e., 30-
100ng/ml). The prevalence of Vitamin D deficiency observed
in this study was less than that of north Indian athletes
reported by Gupta. R et al. in 2021 ¥, According to their
study, 69.9% of the participants from North India were
vitamin D Deficient (Gupta et al., 2021) 31, This can be due
to the availability of sunlight in the southern part of India.

Female athletes exhibited higher incidences of both Vitamin
D deficiency and insufficiency compared to their male
counterparts. Vitamin D deficiency percentage was 13.6% in
female athletes, which is 2.3 times more compared with male

athletes (i.e.,5.8%), Additionally, 32.9% of female athletes
were vitamin D insufficient, while the proportion of male
athletes, with insufficiency, was 21.1%.%. Interestingly, a
higher percentage of male athletes (71.5%) demonstrated
sufficient Vitamin D levels in contrast to 52.8% of female
athletes.

Another crucial observation was that Vitamin D deficiency
prevalence was high among indoor athletes when compared to
outdoor athletes. Vitamin D deficiency in indoor athletes
(14.9%) was 1.53 times higher when compared with that of
outdoor athletes (i.e., 9.7%). However, the vitamin D
insufficiency percentages were almost similar in indoor and
outdoor athletes (27.7% & 27.6%). In indoor athletes, the
range of vitamin D was narrow with a minimum of 12.7 ng/ml
and a maximum of 68.68 ng/ml, on the other hand, outdoor
athletes had a wider range of Vitamin D levels, spanning from
4.96 ng/ml to 227.7 ng/ml. None of the indoor athletes have
shown 25 (OH) Vitamin D levels above 100 ng/ml, but 1.2%
of outdoor athletes have shown vitamin D levels above 100
ng/ml.

Comparison of 25(OH)Vitamin D levels as per the
standards of IOM: As per the standards set by the IOM, only
1.5% of the Indian athletes were vitamin D deficient, and
8.6% were insufficient. 88.8% of the total athletes had
sufficient Vitamin D levels. (i.e.,25(OH) vit D levels > 20
ng/ml). However, the Vitamin D deficiency and insufficiency
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proportions were more in female athletes when compared to
male athletes. Vitamin D deficiency percentage was 2% in
female athletes, which is 2.5 times more compared with male
athletes (i.e.,0.8%), and 11% of female athletes were vitamin
D insufficient, whereas, in male athletes, it was around 5%.
As per this evaluation, 86.3% of female and 92.6% of male
athletes have displayed vitamin D sufficiency.

When 25(0OH) vitamin D levels are compared between the
participants of different sports disciplines, the highest
incidence of vitamin D insufficiency/deficiency (49%) was
observed in weightlifters followed by taekwondo (41.3%),
athletics (38.7%) and Hockey (36%). However, it is important
to note that only eighteen subjects from the weightlifting
discipline participated in this study. To establish more robust
conclusions, further research should be conducted with a
larger sample. Despite this limitation, the study's results
clearly indicate a noteworthy trend: indoor athletes in
taekwondo and weightlifting show a higher incidence of
vitamin D deficiency/ insufficiency compared to outdoor
athletes in athletics and hockey.

Customized reference range of 25(OH)Vitamin D levels
for Indian athletes: The results showed that the 95%
confidence intervals for 25(OH)D in all athletes ranged from
17.62 to 59 ng/mL. the same has been depicted in image I11.
As depicted in images IV & V, Male athletes exhibited a
slightly higher confidence interval for 25 (OH) vitamin D,
ranging from 21.4 to 63.9 ng/mL, whereas female athletes had
a slightly lower range of 15.1 to 58.85 ng/mL.

Furthermore, the study explored the differences in 25(OH)D
levels between athletes participating in outdoor and indoor
sports. Outdoor athletes displayed a reference interval of 18.1
to 63.4 ng/mL, while indoor athletes had a wider range of
13.8 to 79.3 ng/mL. These findings suggest that exposure to
sunlight, which is a primary source of vitamin D, might have
contributed to the elevated lower limit of 25(OH)D in outdoor
athletes. Since the sample size of indoor athletes was small
(48), the robust method with bootstrap was performed to
derive the 90% confidence interval. A critical drawback of
this approach is that the 90% Cls can be very wide if the
sample size is smaller than 80 (Ceriotti et al., 2009) 141,
Additionally, the study analyzed specific sports and found
variations in 25(OH)D levels among athletes participating in
different disciplines. Athletes involved in athletics exhibited a
reference interval of 14.1 to 90.8 ng/mL, indicating a wider
range compared to hockey. This might be attributed to the
diverse events encompassed within the discipline. Athletics
encompasses a broad range of activities, including sprinting,
long-distance running, jumping, and throwing, each with
varying levels of outdoor exposure and intensity. These
factors could potentially influence vitamin D synthesis and
absorption, resulting in a wider distribution of 25(OH)D
levels among athletes participating in athletics. Alternatively,
Hockey players demonstrated a narrower Reference interval
of 20 to 54.8 ng/mL, indicating a more consistent pattern of
Vitamin D levels within this group.

Due to the small sample sizes, Taeckwondo and Weightlifting
were not considered for developing the sports-specific
analysis of reference intervals.

These variations in reference intervals highlight the influence
of factors such as gender, sport type, and indoor/outdoor
environments on 25(OH)D levels in athletes. The wider
confidence intervals observed in certain groups may indicate a
higher degree of variation in Vitamin D levels, possibly due
to differences in exposure to sunlight or dietary habits. Hence
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it is crucial to consider these factors when assessing vitamin
D status and designing interventions to optimize athletes'
health and performance.

From the present study, it was noticed that there is a huge gap
in the standards set by the Endocrine Society and 10M
regarding the vitamin D range and as per the standards set by
the Endocrine Society, the deficiency and insufficiency
incidence of Vitamin D in Indian athletes was more. To
determine whether the suboptimal 25(0OH) vitamin D levels
are a result of true deficiency or insufficiency, it is
recommended to assess additional parameters such as free
vitamin D levels, Parathyroid Hormone (PTH) levels, and
Bone Mineral Density (BMD), etc. Hypovitaminosis D could
cause decreased bone mineral density (Arya et al., 2004) [,
secondary hyperparathyroidism (Chandran et al., 2011) ¥, and
Sarcopenia; it is important to monitor these parameters
periodically to avoid injury risks and to maintain optimum
bone and muscle health in athletes.

7. Conclusion

Based on the findings of the study, it is evident that the
incidence of vitamin D deficiency/insufficiency among Indian
athletes was approximately 37.7% based on the norms
provided by the Endocrine Society. Notably, deficiency and
insufficiency were more common in female athletes compared
to their male counterparts, and indoor athletes exhibited a
higher prevalence of deficiency/insufficiency compared to
outdoor athletes.

Conversely, the reference ranges of 25(OH) vitamin D among
Indian athletes align well with the standards set by the
Institute of Medicine (IOM), with a lower prevalence of
vitamin D deficiency and insufficiency observed at
approximately 10%.

The discrepancies in reference ranges provided by the IOM
and the Endocrine Society pose significant challenges for
clinicians, researchers, and public health officials striving to
establish consistent guidelines for assessing and managing
vitamin D status. These variations have implications that
extend beyond clinical practice, affecting public health
initiatives, nutritional recommendations, and research
outcomes. Therefore, it is crucial to consider population-
specific factors and establish reference ranges tailored to
athletic populations to ensure accurate assessment and
management of vitamin D status.

Moreover, mild to moderate vitamin D deficiency is known to
be associated with osteoporaosis, secondary
hyperparathyroidism, and decreased bone mineral density in
athletes. Therefore, routine vitamin D assessment is crucial to
identify deficiencies at an early stage, mitigate associated risk
factors, and promote optimal health among athletes.

Further research is warranted to explore alternative
biochemical markers for detecting true vitamin D deficiency,
as well as to investigate specific factors contributing to the
observed prevalence rates and the long-term health
consequences associated with vitamin D
deficiency/insufficiency in athletes.

8. Limitations: The results of this study are limited by the
small sample sizes of participants from indoor sports, which
prevented the derivation of sports-specific Reference Intervals
for Taekwondo and Weightlifting.

9. Conflicts of Interest: There are no conflicts of interest.
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