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INTRODUCTION 

Sports medicine physicians need to be aware of 

the inherent risks in the sport that they serve. 

There are certain risk factors that can be easily 
controlled through diet and supplementation. 

There is interest in the vitamin D levels of 

athletes who compete indoors worldwide. In the 

United States (U. S.), data has been reported on 
the inadequacy of serum 25(OH)D levels in high 

level athletes, especially those who compete in 

doors. The National Basketball Association 
(NBA) released deidentified data on 279 players 

from 2009 through 2013. Vitamin D levels were 

categorized as follows: (a) deficient 
(<20ng/mL); (b) insufficient (20-32 ng/mL); and 

sufficient (>32ng/mL). Surprisingly, 79.3% 

were either vitamin D deficient or insufficient, 
as defined in this study. The average vitamin D 

levels for all players was 25.6 ± 10.2 ng/mL, 

which was categorized as insufficient. 
1
 In 

another study in the U. S., preliminary data in 

gymnasts report especially alarming levels of 

vitamin D, with 37% recording levels in the 

single digits. 
2
  These findings are extremely 
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disturbing to other athletes that spend the 

majority their time indoors.   

While not professional players, a meta-analysis 

of seven different trials of vitamin D 

supplementation and performance parameters in 

healthy adults, showed that supplementation 

significantly increased muscle strength in the 

experimental group for upper (P=0.005) and 

lower limbs (P=0.04). Length of intervention 

time varied from 4 weeks to 6 months in this 

study and dosages differed from 4000 IU per 

day to 60,000 IU per week.
3
 Given this large 

variation, it is difficult to make definitive 

conclusions from this analysis regarding optimal 

intervention time and required dosage for 

effective supplementation. In a study of 46 elite 

professional European athletes it was found that 

high doses of vitamin D3 supplementation 

(70,000 IU week) may be detrimental for its 

intended purposes due to increased 

24,25[OH]2D production. Their data implied 

that lower doses of vitamin D3 ingested 

frequently may be most appropriate. 
4
 

Given the absence of any published data on the 

adequacy of serum 25(OH)D levels in college-

age basketball players in the United States and 

the recommendation for lower doses of vitamin 

D3 ingested frequently, a study was conducted 

to: (1) to investigate serum 25(OH)D levels in 

National Collegiate Athletic Association 

(NCAA) Division I male college-age basketball 

players and college-age recreational intramural 

basketball players prior to supplementation on 

the Texas Tech University (TTU) campus; (2) to 

evaluate the effects of 4,000 IU Vitamin D3 

supplementation  on serum 25(OH)D levels; and 

(3) to examine the effects of 4,000 IU vitamin 

D3 supplementation on athletic performance. 

MATERIALS AND METHODS 

Institutional Review Board Approval 

The study was approved by the TTU 

Institutional Review Board. The design for this 

study was double-blind, placebo controlled trial, 

where neither the study participants nor 

researchers were aware of treatment, either 

vitamin D3 supplementation or placebo.  

Participants signed an informed consent form 

prior to study participation and all data 

collection. Participants from each group, 

collegiate, recreational, and intramural players 

were randomly assigned to a supplement or 

placebo group.   

Definitions of Serum 25(OH)D Levels for the 

Study 

Although discrepancy exists regarding the 

classification of 25(OH)D Vitamin D levels, 

baseline serum 25(OH)D levels were compared 

to sufficient 25(OH)D levels defined as >30 

ng/mL.
5, 6, 7

  The following categories were used 

in this study: (1) 25(OH)D levels below 

20ng/mL were categorized as deficient; (2) 

between 20 and 30 ng/mL was defined as 

insufficient; and (3) sufficient levels were 

defined as 25(OH)D levels above 30 ng/mL. 

Participants 

Participants were recruited from the collegiate 

basketball team, intramural basketball games on 

the college campus, and dedicated recreational 

basketball players. Criteria for inclusion 

included the following, participants must: (1) be 

NCAA  or recreational, intramural college-age 

(18-28 years) male basketball players; (2) have a 

stable  physical training program for at least 1 

year without plans to alter or change the 

regimen for the next 3 months; (3) play 

basketball 3 or more days a week, with plans to 

continue for at least 8-weeks following baseline 

testing; (4) have been playing basketball for 2 

years or more; (5) not be ingesting a vitamin D3 

supplement, with exclusion of a multi-vitamin 2 

months prior to participation in the study; and 

(6) answer “no” to all Physical Activity 

Readiness Questionnaire (PAR-Q) questions 

and not have had an injury that would prevent 

them from completing the athletic performance 

testing. 

Procedure for Descriptive Statistics 

Information regarding height, weight, and body 

composition was analyzed on each participant. 

Participants were instructed to wear spandex 

without shoes during all body measurements. 

Weight was assessed using a standardized 

standing scale.  The Bod Pod (COSMED USA 

Inc., Concord, CA) was used to gather data on 

body composition, fat and fat-free mass.  

Participants sat on the bench in the Bod Pod 

chamber with a swim cap and were instructed to 

breathe normally. Body composition was 

measured through the displacement of air inside 

the Bod Pod chamber. Lung volume was 

estimated based on gender, height, and body 

weight.   
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Pre-Post Test Procedures 

The Texas Tech University Health Science 

Center (TTUHSC) medical and trained 

phlebotomy staff completed all blood draws 

25(OH)D for the assessment of 25(OH)D levels 

Standard precautions were used to avoid any 

localized pain, bruising, or infection.  After the 

5ml blood collection, samples were inverted 5 

times and centrifuged at 4,000 rpm for 5 min.  

Samples were then sent to Quest Diagnostics 

and analyzed for 25(OH)D using liquid 

chromatography, tandem mass spectrometry 

(LC-MS). Quest Diagnostics implemented 

standard laboratory quality control procedures.  

Participants completed 3 basketball sport-

specific performance tests. The vertical jump 

was assessed using Vertec (JUMPUSA.com 

Sunnyvale, CA) vertical jump measurement 

system. A one-step approach method was 

implemented: Participants feet were together 

and their arms were used in an upward swinging 

motion to maximize jump height. There were 3 

attempts with a 2 min rest between attempts. 

The highest jump was recorded and used for 

analysis. 

The 20m sprint was assessed for quick 

acceleration. Two cones were placed 20m apart 

from each other on a NCAA regulated 

basketball court. Participants placed one foot at 

the starting cone and accelerated through to the 

second cone. Timers (2) were aligned at the 20m 

cone markers. Timing started with the initial 

movement by the participants and stopped when 

the subject passed the 2
nd

 cone. Each participant 

performed 2 sprint attempts with 2 min of rest 

between each attempt. The 4 recorded times 

were averaged and used for analysis. 

The 5-10-5-meter agility test was used to 

estimate agility. Cones (3) were placed 5m apart 

on the court. Participants began at the center 

cone, sprinted to the cone to the right, then  to 

the cone on the left, and back again to the 

beginning cone. Multiple attempts (2) were 

given per participant with 2 min of rest between 

attempts. Two timers located at the center cone 

were used to record the time of each attempt. 

Timers began at the initial movement of the 

participant and stopped when the participant ran 

past the center cone at the completion of the 

drill. Time on each attempt were averaged and 

analyzed. Post-test procedures were identical to 

the pre-test procedures. 

Treatment 

Each participant began oral ingestion of either 
supplementation of 4,000 IU, 2 capsules of 2000 

IU, of vitamin D3 [cholecalciferol (Stop Aging 
Now, Bethesda, MD)], or 2 capsules of a 

placebo each day for 8-weeks after pre-testing. 

The amount of vitamin D3 was chosen based on 

the recommendation of the National Institutes of 
Health Office of Dietary Supplements which 

states that the safe upper limit for vitamin D3 is 

4,000 IU/day for children 9 years and older and 
for adults. The tolerable upper limit refers to the 

maximum level of daily nutrient intake that is 

likely to pose no risk of adverse effects. 
8
 

The supplements and placebos were divided into 

7-day pill organizers. Eight of these containers 

containing either placebo or supplementation 

were then put in large envelopes and given to 
the participants. Verbal and written instructions 

were given about the timing of the intake for the 

2 capsules each day in the 7-day organizers. 
Participants were instructed to take each pill 

during their meals to ensure better absorption of 

the vitamin D3 supplement. Participants were 

informed to check or initial the days when the 
supplement was ingested and leave the box 

blank on the days they failed to ingest the 

supplement. Compliance was monitored using a 
self-report check sheet. Researchers checked in 

with the participants throughout the 8-week 

supplementation period, through text messaging, 
phone calls, and in person visits to monitor 

compliance and safety.  After 8-weeks of 

supplementation, 25(OH)D levels were assessed 

again using the same procedures previously 
described. 

Statistical Analysis  

SPSS Software (IBM Corporation, Somers, NY) 
was used for all statistical analysis. Descriptive 

statistics were computed for height, weight, 

ethnicity, age, and body composition.  

An independent t-test was used to compare the 

means of the baseline measurements between 

the placebo group and vitamin D3 

supplementation group for the following 
variables: (1) 25(OH)D levels; (2) vertical jump; 

(3) 20m sprint; (4) agility drill; and (5) body fat 

percentage to make sure that there were no pre-
test differences. A Mixed Plot Repeated 

Measures ANOVA was conducted to analyze 
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the variables of interest [2 (group: placebo; 

supplementation) by 2 (test: pre-post test 
following the 8-week 4,000 IU of vitamin D3 

supplementation period)]. Variables of interest 

were: (1) levels of serum 25(OH)D levels; (2) 
vertical jump height; (3) 20m sprint time, and 

(4) 5-10-5 agility drill time.  

RESULTS 

Thirty eligible participants signed the consent 

form. Thirteen participants did not complete the 

study due to personal reasons and time 

constraints. Seventeen participants completed all 

pre-post testing and participated in the 8-week 

study as either the experimental group taking the 

supplementation or the placebo group. Of the 17 

participants, 53% were Caucasian and 47% were 

African American. The attrition rate was 43%. 

Pill counts were used to determine compliance. 

The compliance rate was 77% in the placebo 

group and 79% in the experimental group.  

Descriptive Statistics 

Descriptive statistics for the 17 participants are 

presented in Table 1.  No significant differences 

existed between groups at baseline for any of 

the variables of interest in pre-post testing: (1) 

25(OH)D levels, t(15) = - 0.6, p = 0.55; (2) 

vertical jump, t(15) = - 2.4, p = 0.41; (3) 20m 

sprint, t(15) = 0.06, p = 0.44; (4) agility drill, 

t(15) = -0.11, p = 0.46. Therefore, differences at 

baseline did not need to be controlled for in the 

study design.  

Table1.  Descriptive Statistics and Baseline Measurements 

Variables Mean (SD) Placebo Mean (SD) Vit D  

Age 18.25 (10.30) 21.1 (9.27) 

Weight (kg) 27.67 (3.46) 27.67 (2.61) 

Height (cm) 71.22 (2.20) 74.44 (4.39) 

 Body Fat Percentage 15.01 (8.42) 12.68 (5.71) 

Ethnicity         4=AA; 4=C 4=AA; 5=C 

Ethnicity: C=Caucasian, AA= African American 

Baseline Serum 25(OH)D Levels 

Baseline serum 25(OH)D levels were compared 

to sufficient 25(OH)D levels defined as >30 

ng/mL.
5, 6, 7

 Average baseline serum 25(OH)D 

levels for total participants (N = 17) was 19.33 ± 

9.46 ng/mL, which is less than the value 

indicative of deficiency, 20 ng/mL. A single 

sample t-test revealed this value was 

significantly different from sufficient 25(OH)D 

levels defined as > 30 ng/mL t(16) = -4.783, p< 

0.001.    

Pre-Post Serum 25(OH)D Levels 

The Mixed Plot Repeated Measures ANOVA 

revealed a significant main effect for test 

F(1,15) = 114.50, p< 0.001 and a significant 

group x test interaction F(1,15) = 15.01, p = < 

0.002. No significant difference was found for 

group. There was a large sample effect size for 

change in the serum 25(OH)D levels from pre-

post test between groups (d = 2.6).  Observed 

power was .057 for test, .178 for test x group, 

and .380 for group.  Pre-post M and SEM are 

presented in Figure 1. 

 

Figure1. Pre-post test 25 (OH)D levels. 

Pre-Post Performance Measurements 

The Mixed Plot Repeated Measures ANOVA 

revealed no significant main effects for test, 

group or significant interactions between test 

and group for the vertical jump used as an 
assessment of power, for the 20m sprint time 

used as an assessment of speed, nor the 5-10-5 

agility drill used as an assessment of agility. 
There was a moderate effect size for agility (d 

=-0.48) but effect sizes were small for the 

vertical jump and sprint times, respectively (d 
=.2; d= -.02). The observed statistical power for 

test, group, and the interaction between group 

and test for the vertical jump was .05, .05, .07 

respectively; the observed power for the 20m 
sprint was .36, .05, .05 respectively; and the 

observed power for the 5-10-5 agility drill was 
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.06, .18, .05 respectively. Pre-post M and SEM 

are presented in Figures 2-4. 

 

Figure2. Pre-post test vertical jump 

 

Figure3. Pre-post test 20m sprint times 

 

Figure4. Pre-post test 5-10-5 drill times 

DISCUSSION 

Study Aim 1: Baseline Serum 25(OH)D 

Levels 

The most noteworthy finding in our study is that 

recreational and collegiate basketball players in 

our sample had an average 25(OH)D (vitamin 
D3) level that was classified as deficient. The 

average level seen in our college-age population 

(19.33 ± 9.46 ng/mL) is far less than the average 
level found in professional soccer players in 

France 
9
 (31 ng/mL winter; 41 ng/mL summer) 

and Greece 
5
 (34.41 ng/mL competition season; 

47.24 ng/mL off-season transition period). The 
percentage of players that were deficient in our 

study is also much higher than the percentage 

found in professional basketball players in the 
U.S. ( 32.3%). 

1
Of the 17 participants, 52% of 

them recorded serum 25(OH)D levels below 20 

ng/mL at baseline testing which is considered to 

be deficient. 
1, 5, 9

 

Deficient levels of vitamin D3 increase the risk 

of injury and inflammation. 
2, 10, 11, 12, 13

Given the 

biomechanical risks and repetitive high forces 
when landing during practice and especially 

competition, basketball players are vulnerable to 

injury . This level of risk is compounded with 
deficient levels of vitamin D. Injury and 

inflammation can result in the cessation of 

competition without appropriate treatment for 

this deficiency. 

Deficient levels of 25(OH)D has an impact on 

the life cycle in many stages of development 

and alsohas debilitating long term health 
outcomes if not abated. Llewellyn et al.

14
 stated 

that  vitamin D3 plays a potential role in brain 

development, cell differentiation, survival, and 
neuroprotection.  Vitamin D3 is involved in 

reducing health risks for cancer, 
15,16

diabetes,
11, 

17
 influenza and respiratory tract infections,

18
 

neuromuscular function, nonspecific 
musculoskeletal pain and  stress fractures

19, 10, 

12
Furthermore, many basketball players are 

African American and as a race they are at 
increased risk of cardiovascular disease. 
20

Vitamin D3 has an effect on myocardial 

contractile function, the regulation of natriuretic 

hormone secretion, extracellular matrix 
remodeling, ventricular hypertrophy, and 

inflammatory cytokine regulation. 
21, 22

 

Indirectly, vitamin D3 can also affect cardiac 
function by altering parathyroid hormone and 

serum calcium levels.  

Study Aim 2: To Evaluate the Effects of 4,000 

IU Vitamin D3 Supplementation on Serum 

25(OH)D Levels 

In the vitamin D3 supplementation group, n = 9, 

post 25(OH)D levels (41.11 ±11.49 ng/ml) 
showed a 94.8% increase in 25(OH)D levels 

from baseline (21.11 ng/ml ±- 9.27) and 

effectively raised the levels to those defined as 
sufficient (> 30 ng/ml).  Based on our study 

results, we believe that a daily intake of 4,000 

IU of vitamin D3 for 8-weeks is an adequate 
level of supplementation to effectively increase 

levels to those defined as sufficient (>30 ng/mL) 

for health reasons alone. 
5, 6, 7

  It must be 

emphasized again that this Tolerable Upper 
Intake Level (UL) of 4000 IU/dayby the 

National Institutes of Health Office of Dietary 

Supplements.is intended to specify the level 
above which the risk for harm begins to increase 

http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl2-d103/
http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl2-d103/
http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl2-d103/
http://www.ncbi.nlm.nih.gov/books/n/nap13050/appendixes.app1/def-item/appendixes.app1.gl1-d104/
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for the general population. 
8
 There are some 

players with dark skin color that may need 
increased vitamin D3 supplementation for 

vitamin D3 synthesis. Melanin in the skin 

hinders vitamin D3 production and those with 
large amounts of melanin in their skin may even 

need up to 5000 IU/day as opposed to 4,000 IU 

or 2 capsules of 2,000 IU of vitamin D3, as in 
our study. 

18
 However, Owens et al. 

4
  suggested 

that weekly doses more than 5000 IU/day may 

be detrimental to health. Their study 

documented that high doses of vitamin D3 
supplementation (70,000 IU/weekly) stimulated 

elevated concentrations of the vitamin D 

metabolite, 24,25[OH]2D3.  This metabolite has a 
negative regulatory effect on the transcriptional 

activity of 1,25[OH]2D3 which persists even 

after the cessation of vitamin D3 
supplementation. 

Surprisingly, the placebo group, n = 8, post 

25(OH)D levels (27.88 ±7.77 ng/ml) also 

increased by 52.8% from baseline (18.25 ±10.30 
ng/ml) although post-levels were still not 

considered to be sufficient (> 30 ng/ml). We can 

only hypothesize that increased sun exposure 
may have played a role in the increase in our 

placebo’s vitamin D3 levels since a 1-week 

spring break period occurred during our 8-week 

intervention or control period. We did not 
stipulate that participants could not spend 

additional time in the sun during this 1-week 

period and we have no documentation on the 
amount of time spent in the sun by the 

participants in our study. 

An increase in serum 25(OH)D levels without 
supplementation was also found following the 

six-week off-season period compared to 

baseline in the soccer players from 

Greece.
5
They noted that the most plausible 

reason for the elevation of the vitamin D3 levels 

in their players following an off-season 

transition period was an increase in the exposure 
to UVB during the break and secondly a 

decrease in exercise induced stress during the 

break may also play a positive regulatory role. 
The conclusions from this study was that 

vitamin D3 levels plays a supportive role in 

exercise performance with training stimulus and 

quality of training being the major determinant 
of exercise performance.  

Study Aim 3: Vitamin D3 Levels and 

Performance  

Previous studies have shown that power, agility, 

and development of type 2 fibers may be 

affected by low levels of vitamin D 
2, 10, 12

and 

improvements in physical performance have 
been found for adolescents as well as the elderly 

with higher vitamin D levels. 
23,24 

Unlike 

previous studies, we did not find significant 
improvements in performance following 

supplementation in our study. However, there 

were trends in enhanced performance with 
elevated serum 25(OH)D levels, but the trends 

did not reach a satisfactory level of significance. 

There was a moderate effect size for agility (d 

=-0.48). Vertical jump height increased and 
sprint and agility drill times decreased for both 

groups from pre-post test (see Figures 2- 4), but 

not significantly. This trend in our study is in 
parallel to the  assumptions in the research thus 

far about serum 25(OH)D levels positively 

correlating with athletic performance, 
particularly vertical jump height and jump 

velocity.
24

   Another study with  professional 

soccer players in Greece 
5
 found correlations 

(>.5) between serum vitamin D3 levels and 
performance parameters in both pre and post 

experimental sessions. 

There were many limitations within the study 
that may have affected our results regarding 

performance.  The major limitation was a low 

study number. Another limitation was the high 

degree of variability in performance parameters 
within the groups. A third limitation is the low 

power of the test statistic. It is because of these 

limitations that we cannot reach any definitive 
conclusions about the effect of vitamin D3 

supplementation on performance.  

CLOSING REMARKS 

Research has shown that the risk of vitamin D3 

deficiency increases in sports where players 

spend their time practicing and competing 
indoors as well as in sports that have a high 

percentage of dark-skinned athletes, since 

Melanin in the skin hinders vitamin D3 
production. 

18
The Team Physician at the 

collegiate level should work with the nutritionist 

and sports medicine team to enact a practical 

and effective screening and supplementation 
program for vitamin D3 deficiency for players 

in at-risk sports. There are multiple options for 

screening and supplementation.  

A questionnaire for vitamin D3 deficiency at the 

Preparticipation Screening could be given under 

the guidance of the nutritionist.  The nutritionist 

could then follow-up with any players that 
seemed to be at risk for vitamin D3 deficiency 

with a plan for supplementation. A UL of 4,000 
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IU/day of vitamin D3 does not even require a 

physician’s prescription and is available over 
the counter, at a reasonable cost, in pharmacy 

and grocery stores.  

The sports medicine team in conjunction with 

the nutritionist and team physician could also 

enact more sophisticated measures of screening 

and implementation for at-risk athletes for 

vitamin D3 deficiency by utilizing mandated 

laboratory testing. In 2010, the National 

Collegiate Athletic Association (NCAA) 

implemented universal sickle cell trait (SCT) 

screening of all Division I student-athletes.  This 

opportunity for blood sampling could be used 

for adding the Vitamin D 25-hydroxy test.  If 

insufficient or deficient levels were found, the 

team physician could issue a prescription with 

follow-up screenings utilizing the Vitamin D 

25-hydroxy test for vitamin D3 adequacy.  The 

advantage of a sports medicine physician 

issuing a prescription is that he or she can more 

closely follow compliance by examining refill 

requests. However, caution is advised if 

prescribing more than 5000 IU/day  since 

Owens et al. 
4
  suggested that weekly doses 

more than 5000 IU/day has detrimental side 

effects. The sports medicine physician could 

schedule routine office visits following 

supplementation at 4 months, 6 months or 

between semesters and prior to the start of 

competition to check the players continued 

health status and well-being. 

CONCLUSION 

College-age recreational and collegiate male 

basketball players have significantly deficient 

serum 25(OH)D levels (19.33 ng/mL) compared 

to normal (>30 ng/mL). Eight-weeks of 4,000 

IU of vitamin D3 (cholecalciferol) effectively 

increased serum 25(OH)D levels to normal 

levels. There were not, however, concomitant 

increases in performance.  Sport Medicine 

Physicians can play a role in alleviating 

deficiency by establishing a screening program 

for at-risk sports and prescribing 

supplementation for athletes who are deficient. 
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