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Introduction

Due to the availability of combination antiretroviral therapy

(cART), the rates of morbidity and mortality attributable to

human immunodeficiency virus (HIV) have significantly de-

creased among children and young adults in the United States1.

Despite this success, HIV-infected patients experience defi-

ciencies in several domains of health-related fitness. HIV-in-

fected children and young adults may experience deficiencies

in neuromuscular motor skills2, muscular power3, muscular

strength4, lean body mass5,6 and cardiorespiratory fitness7. Re-

duced health-related fitness likely contributes to poor physical

functioning and low quality of life in this population8. 

Vitamin D (vitD) and its metabolite 25-hydroxyvitamin D

[25(OH)D] are required for a variety of physiologic processes

including neurologic development, muscular function, im-

mune modulation, and bone growth9. In our recent study, over

95% of HIV-infected children and young adults had insuffi-

cient (<32 ng/mL), and 64% had deficient (<20 ng/mL) con-
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centrations of serum 25(OH)D10. Daily high-dose (7,000

IU/day) supplementation with vitD3 safely and effectively in-

creased concentration of serum 25(OH)D and resulted in im-

provements in some indicators of immune status among

HIV-infected participants10-12. 

It is unknown if supplementation with daily high-dose vitD3

associates with improvements in health-related fitness in this

population. We tested the hypothesis that daily vitD3 supple-

mentation increases neuromuscular motor skills, jump power,

jump energy, muscular force, and muscular strength among

HIV-infected children and young adults. Data were from a prior

randomized, double-blind, placebo controlled trial that exam-

ined the safety and efficacy of 12-months of daily high-dose

vitD3 supplementation among children and young adults with

perinatally- and behaviorally-acquired HIV10-12. Neuromuscular

motor skills, jump power, jump energy, muscular power, and

muscular strength were secondary outcomes from this trial.

Materials and methods

Participants 

The primary outcome and methods of this trial have been

previously reported in detail11,12. Briefly, participants were re-

cruited from eight regional HIV centers between July, 2011

and June, 2013. Criteria for participation included age of 5.0-

24.9 years for perinatally-acquired HIV or 15.0-24.9 years for

behaviorally-acquired HIV and a state of good health two

weeks prior to enrollment. Criteria for exclusion included any

adverse growth, dietary intake, or nutritional status conditions,

pregnancy or lactation, and current supplementation with

vitD3. Two participants with cerebral palsy were excluded

from this analysis. 

Parents/guardians or participants (≥18 years or emancipated

minor) gave informed consent, and children seven years and

older assented. Study examinations were performed at the Chil-

dren’s Hospital of Philadelphia (CHOP). The CHOP Institu-

tional Review Board approved the protocol. The trial was

monitored prospectively by a data safety monitoring committee

and was registered with clinicaltrials.gov as NCT01475890.

Vitamin D supplementation 

Participants were stratified by mode of HIV acquisition

(perinatal or behavioral) and randomized in parallel (1:1 ratio)

to receive 7,000 IU/d of vitD3 or placebo (Life Extension, Ft.

Lauderdale, FL). Participants unable to swallow capsules took

liquid vitD3 or placebo (J.R. Carlson Laboratories, Inc., Arling-

ton Heights, IL). VitD3 products were independently assessed

for potency at the beginning and end of the study. Enrollment

was balanced by season. A 3.5-month supply of vitD3 or

placebo was provided at baseline and the 3-month visits, and a

7-month supply was provided at the 6-month visit. Participants

returned supplement/placebo containers at each visit and the

remaining capsules/volumes were recorded. Cumulative 12-

month adherence was determined as the percent of capsules or

liquid taken. Concentrations of fasting serum 25(OH)D was de-

termined using liquid chromatography tandem mass spectrom-

etry (CHOP Laboratory) at baseline, 3-, 6-, and 12-months. The

intra- and inter-assay coefficients of variation of serum

25(OH)D analysis were ≤8%. 

Outcome measures

Neuromuscular motor skills 

Neuromuscular motor skills were assessed using the Bru-

ininks-Oseretsky Test of Motor Proficiency, Second Edition

(BOTMP)13. The BOTMP consists of 14 measures that repre-

sent eight motor skill domains including: fine motor precision,

fine motor integration, manual dexterity, bilateral coordination,

balance, speed and agility, upper limb coordination, and

strength. Measurement and scoring details of each motor skill

domain are described elsewhere13. Each motor skill domain

can be aggregated to create a composite measure of overall

motor proficiency with higher values representing greater neu-

romuscular motor skill proficiency. The BOTMP has excellent

test-retest reliability (r=0.8) and criterion-related validity when

compared to other measures of motor performance (r=0.74)14.

Jump power and energy

Jump power and jump energy were assessed using a Kistler

Quattro Jump Portable Force Plate System (Model 9290AD,

Amherst, NY) at baseline, 3-, 6-, and 12-months. Each partic-

ipant performed five warm-up jumps, followed by five maxi-

mal jumps. Each jump started from a static squat position with

the knees at 90 degrees flexion, and the hands placed on the

hips15. Peak jump power has favorable test-retest reproducibil-

ity (coefficient of variation 9.8%)16. Peak jump power (ex-

pressed in watts) was calculated as the product of jump force

and jump velocity by integrating ground reaction forces17, and

the highest value recorded was used in the inferential analyses.

Peak jump energy (expressed in centimeters) was calculated

using velocity (centimeters/second) and time required to com-

plete the jump (seconds), and the highest value recorded was

used in the inferential analyses. 

Muscular force and strength 

Muscular force was assessed using a Biodex Multi-Joint

System (System 3 Pro, Shirley, NY) at baseline, 3-, 6-, and 12-

months. High intra-rater (0.97-0.99) and inter-rater (0.93-0.96)

correlation coefficients18, and high test-retest values (coeffi-

cients of variation <10%) have been reported19,20. Prior to test-

ing, each participant completed warm-up consisting of

five-minutes of treadmill walking at a comfortable speed at

0% grade. All muscular strength measures were conducted on

the left knee and ankle. Peak isometric torque (Newton-me-

ters) was measured in triplicate at each of four angles (-10, 0,

10, and 20 degrees) and the highest value recorded for dorsi-

flexion and plantarflexion at each angle of the ankle was used

in the inferential analysis. Peak isokinetic torque (Newton-me-

ters) was measured in triplicate at 1.05 rad/s (60 degrees/sec-

ond) and the highest value recorded for extension and flexion

of the knee was used in the inferential analysis. 
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Muscular strength (kilograms) was assessed using an iso-

metric hydraulic hand dynamometer (Takei, Tokyo, Japan) in

the dominant hand. The participant stood upright with the

shoulder adducted holding the dynamometer, not touching the

trunk. The handle was adjusted to the hand size and no extra-

neous body movement was allowed during testing. Three max-

imal effort trials lasting four to five seconds with 60-second

rests were performed, and the highest value was using in the

inferential analysis15.

Covariates

Covariates including age, race, sex, mode of HIV acquisi-

tion, and use of cART were abstracted from the electronic

medical record and collected from self-report. Body mass

index (BMI) was calculated using height and weight measured

following standardized techniques21. Leg lean mass (kilo-

grams) was quantified using whole body dual energy x-ray ab-

sorptiometry (Hologic Discovery, Hologic Inc., Bedford MA).

Tibia length was measured from the distal border of the medial

malleolus to the proximal medial border of the tibia plateau19. 

Statistical analysis 

Statistical analyses were performed using Stata 13.1 (Stata,

College Station, TX). Continuous variables are presented as

means ± standard deviation (SD). Least square means

(LSMean) from regression or mixed models are presented as

means ± standard error (SE). Comparisons between random-

ized groups were made at baseline using unpaired Student’s t-

tests for continuous variables, and Pearson’s chi-square tests

or Fisher’s exact tests for categorical variables. 

For longitudinal efficacy data, analyses were conducted on

an intention-to-treat basis consistent with the primary out-

comes report11. The difference between randomization groups

at each visit time was tested using an unpaired Student’s t-test

and change from baseline within each randomization group by

paired t-test. Persistence of response over the three study visits

was assessed using mixed models with an autoregressive cor-

relation structure that adjusted for baseline values and con-

trolled for visit. Results from the mixed models are the fixed

effects of randomization group. The mixed model allows for

inclusion of all subjects, including drop outs and those with

Figure 1. Flow diagram for subjects randomized, drop-outs, and completing the placebo-controlled trial of daily 7000 IU vitamin D3 supple-

mentation in HIV-infected children and young adults. 
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missing values. To account for multiple testing of the neuro-

muscular motor skill total score and correlated subscale out-

comes we implemented a hierarchical Bonferroni-Holm

method22,23. The neuromuscular motor skill total score was

tested at α=0.05, and the family-wise error rate of the sub-

scales were controlled overall at α=0.05 (i.e., α of 0.05 split

over the 14 outcomes, with the threshold for statistical signif-

icance ranging from 0.004 to 0.05). Jump power, jump energy,

muscular force, and muscular strength outcomes were tested

using the procedure by Holm (i.e., α of 0.05 split over the 16

outcomes, with the threshold for statistical significance rang-

ing from 0.003 to 0.05)22. 

Post-hoc exploratory multivariable-adjusted regression

models that combined both randomization groups were used

to assess the associations between participants with increased

concentration of serum 25(OH)D from baseline (i.e., “respon-

ders”) versus those who had no change or decreased 25(OH)D

(i.e., “non-responders”). A response was defined as a ≥3 ng/mL

increase in serum 25(OH)D from baseline at each time point

of 3-, 6-, and 12-months. A ≥3 ng/mL change was selected as

this was the increase that was sufficiently large enough to rule

out a change that was the result of measurement error based

upon the known intra- and inter-assay coefficients of variation

of the serum 25(OH)D assay. Covariates in the multivariable-

adjusted regression models included the baseline value of the

dependent variable, age, baseline concentration of 25(OH)D,

HIV acquisition route, leg lean muscle mass, tibia length, and

total body mass. 

Results

Fifty-eight participants aged 9.6 to 24.9 years were enrolled

over all seasons and subsequently randomized (Figure 1). The

majority of subjects were African American (86%), male

(67%), acquired HIV behaviorally (66%), and were on cART

(75%; Table 1). BMI was 24.2±6.6 kg/m2 and ranged from

14.0 to 52.1 kg/m2. The BMI-for-age (z score) was 0.11±1.26.

Baseline concentrations of serum 25(OH)D ranged from 3.0

to 35.7 ng/dL with a mean concentration of 17.5±8.7 ng/mL;

95% of participants were suboptimal for 25(OH)D (<32

ng/mL), 64% deficient (<20 ng/mL), and 26% severely defi-

cient (<11 ng/mL). 

Adherence to supplement/placebo was 92±8% over 12-

months, with no differences between groups. The effects of sup-

plementation with daily high-dose vitD3 significantly increased

concentrations of serum 25(OH)D compared to the placebo

group (β=12.1 ng/mL; P<0.001) after 12-months. Thirty-three

percent of participants in the supplementation group achieved a

serum 25(OH)D concentration ≥32 ng/mL at 12-months. 

The effects of supplementation with daily high-dose vitD3

significantly increased neuromuscular motor skills when com-

pared to the placebo group (β=1.14; P=0.041; Table 2) after

12-months. The effect of vitD3 supplementation on overall

neuromuscular motor skill proficiency was moderate (Cohen’s

mean difference effect size d=0.57). 

The effects of supplementation with daily high-dose vitD3

did not significantly increase peak jump power or energy when

Variable Total Sample Placebo VitD3 Supplementation

(n = 56) (n = 27) (n = 29)

Age, (y) 20.7±3.8 20.0±4.1 21.4±3.3

Sex, male, n (%) 38 (67%) 18 (67%) 20 (69%)

Racial identification, n (%)

African-American 48 (86%) 23 (86%) 25 (86%)

White 2 (3%) 2 (7%) 0 (0%)

Other and mixed 6 (11%) 2 (7%) 4 (14%)

Season at enrollment, n (%)

Summer/Fall 19 (34%) 8 (30%) 11 (38%)

Winters/Spring 37 (66%) 19 (70%) 18 (62%)

HIV acquisition route, n (%)

Perinatally 19 (34%) 10 (37%) 9 (31%)

Behaviorally 37 (66%) 17 (63%) 20 (69%)

cART at baseline, n (%) 42 (75%) 20 (74%) 22 (76%)

BMI, (kg/m2) 24.2±6.6 25.1±8.1 23.4±5.0

Body mass, (kg) 68.0±17.8 68.7±19.8 67.4±16.2

Lean mass of legs, (kg) 16.2±4.1 16.3±4.1 16.2±16.1

Tibia length, (cm) 39.9±3.3 39.6±3.1 40.1±3.4

Serum 25(OH)D, (ng/ml) 17.5±8.7 17.1±9.3 17.9±9.3

Abbreviations: BMI, body mass index; cART, combination antiretroviral therapy; VitD3, vitamin D3; 25(OH)D, 25-hydroxyvitamin D; 

kg, kilogram; cm, centimeter. Data are mean ± SD or number (%). There were no significant differences between the placebo and VitD3

supplementation groups for any of the baseline covariates.

Table 1. Characteristics of subjects by randomization group at baseline. 
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Table 2. Vitamin D3 supplementation vs placebo on Bruininks-Oseretsky test of motor proficiency (BOTMP) outcomes.

n Baseline n 3-Month n 6-Month n 12-Month Fixed effect 

of randomization 

LSMean ± SEa Pa

Total Score

- Placebo 27 72.4±0.8 26 72.7±1.0 26 71.2±1.2 26 71.5±1.1 71.6±0.4 0.041
- Vitamin D 29 71.7±1.1 29 73.0±1.1 29 72.8±0.9 26 72.4±1.0 72.8±0.4

Subscales

Fine Motor Precision

Line Drawing 

- Placebo 27 0.0±0.0 26 0.0±0.0 26 0.0±0.0 26 0.0±0.0 0.01±0.01 0.106
- Vitamin D 29 0.0±0.0 29 0.0±0.0 29 0.1±0.0 26 0.0±0.0 0.04±0.01

Fold paper 

- Placebo 27 11.4±0.2 26 11.3±0.4 26 11.0±0.5 26 10.2±0.6b 10.9±0.3 0.353
- Vitamin D 29 11.4±0.2 29 11.3±0.2 29 11.4±0.3 26 10.8±0.5 11.2±0.3

Fine Motor Integration

Copy Square

- Placebo 27 4.9±0.1 26 4.9±0.1 26 5.0±0.0 26 5.0±0.0 4.9±0.03 0.460
- Vitamin D 29 4.9±0.1 29 5.0±0.1 29 4.9±0.1 26 4.9±0.1 4.9±0.03

Copy Star

- Placebo 27 4.6±0.1 26 4.6±0.1 26 4.4±0.2 26 4.5±0.2 4.5±0.09 0.522
- Vitamin D 29 4.7±0.2 29 4.7±0.2 29 4.3±0.3 26 4.3±0.3 4.5±0.09

Manual Dexterity

Penny Transfer

- Placebo 27 14.4±0.4 26 15.1±0.5 26 14.8±0.5 26 14.6±0.4 14.8±0.2 0.068
- Vitamin D 29 14.6±0.6 29 15.3±0.6 29 15.8±0.6b 26 16.0±0.5b,c 15.4±0.2

Bilateral Coordination

Jump in Place

- Placebo 27 5.0±0.0 26 5.0±0.0 26 5.0±0.0 26 5.0±0.0 5.0±0.04 0.418
- Vitamin D 29 4.8±0.2 29 5.0±0.0 29 4.8±0.2 26 5.0±0.0 5.0±0.04

Tap Feet & Fingers

- Placebo 27 10.0±0.0 26 10.0±0.0 26 10.0±0.0 26 10.0±0.0 10.0±0.0 0.999
- Vitamin D 29 10.0±0.0 29 10.0±0.0 29 10.0±0.0 26 10.0±0.0 10.0±0.0

Balance

Line Walk

- Placebo 27 5.9±0.1 26 5.9±0.1 26 6.0±0.0 26 6.0±0.0 6.0±0.01 0.176
- Vitamin D 29 6.0±0.0 29 6.0±0.0 29 6.0±0.0 26 6.0±0.0 6.0±0.01

One Leg Balance

- Placebo 27 8.4±0.5 26 9.0±0.4b 26 8.3±0.5 26 8.0±0.6 8.1±0.2 0.258
- Vitamin D 29 7.4±0.6 29 8.7±0.4b 29 8.3±0.4 26 8.0±0.5 8.4±0.2

Speed and Agility

One Leg Hop

- Placebo 27 31.5±1.36 26 31.3±1.0 26 30.6±1.2 26 31.3±1.2 31.6±0.6 0.090
- Vitamin D 29 32.9±0.7 29 33.5±1.3 29 33.7±0.9c 26 33.8±1.0 33.1±0.6

Upper Limb Coordination

Drop Catch

- Placebo 27 4.9±0.1 26 5.0±0.0 26 5.0±0.0 26 5.0±0.0 5.0±0.02 0.823
- Vitamin D 29 4.9±0.1 29 5.0±0.0 29 5.0±0.0 26 5.0±0.0 5.0±0.02

Dribble Ball

- Placebo 27 9.3±0.3 26 9.2±0.4 26 9.2±0.3 26 9.3±0.3 9.3±0.1 0.137
- Vitamin D 29 9.3±0.4 29 9.3±0.3 29 9.7±0.2 26 9.8±0.2 9.5±0.1

Strength

Pushup

- Placebo 27 15.5±1.6 26 15.2±1.8 26 14.3±2.0 26 14.8±2.0 14.1±0.6 0.431
- Vitamin D 29 13.6±1.7 29 14.3±1.5 29 14.1±1.3 26 14.0±1.2 14.8±0.6

Situp

- Placebo 27 18.9±1.3 26 16.8±1.7b 26 16.7±1.5b 26 18.7±1.5 16.6±0.5 0.088
- Vitamin D 29 16.2±1.5 29 16.4±1.3 29 16.6±1.2 26 16.6±1.5 17.7±0.5

aResults are the fixed effect of randomization group from multilevel regression models testing for persistence of response at 3-12 months based on untransformed data,
also controlling for time of study visit and adjusting for baseline values; data are least-squares mean (LSMean) ± standard error (SE). bSignificantly different from
baseline mean within randomization group by paired t-test at P<0.05. cSignificantly  different from placebo mean within time of study visit by Student’s t-test at P<0.05.
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compared to the placebo group (Table 3). Within-group com-

parisons revealed that peak jump energy was higher at 12-

months compared to baseline in the supplementation group

(P<0.05), but not in the placebo group. 

The effects of supplementation with daily high-dose vitD3

did not significantly increase muscular force or muscular

strength when compared to the placebo group (Table 3).

Within-group comparisons revealed that isokinetic knee ex-

tension and flexion peak torque force decreased at 12-months

compared to baseline in both the supplementation and placebo

groups (P<0.05). Within-time comparisons revealed that max-

imal isometric handgrip strength was higher in the supplemen-

tation group compared to the placebo group at 12-months

(P<0.05). 

In exploratory analyses, supplementation with daily high-

dose vitD3 associated with more responders at 3-months (86%

vs 37%; P<0.001) and 12-months (62% vs 22%; P=0.003), but

not at 6-months (66% vs 41%; P=0.063) versus placebo, re-

spectively. Responders had higher overall neuromuscular motor

skills (β=0.92; P=0.014), higher jump power (β=165.1 watts;

P=0.001) and jump energy (β=2.7 cm; P=0.030) than non-re-

sponders. Responder status was not associated with muscular

force or muscular strength outcomes (results not shown). 

Discussion

In this randomized, double-blind, placebo-controlled trial

of predominately African-American HIV-infected children and

young adults, we observed a significant effect of vitD3 supple-

mentation on neuromuscular motor skills versus placebo

(β=1.14; P=0.041). There were no significant effects of vitD3

supplementation on jump power, jump energy, muscular force

or muscular strength outcomes versus placebo after 12-months

using intention-to-treat analyses. Post-hoc exploratory respon-

der analyses suggest that participants who increased concen-

trations of serum 25(OH)D improved neuromuscular motor

skills, jump power and jump energy. 

The novel finding of this study is that supplementation with

vitD3 may have a significant effect on neuromuscular motor

skill proficiency. It has been reported that neuromuscular

motor function abnormalities among HIV-infected children

may predict progression of HIV2. We have previously reported

that vitD3 supplementation may improve immune markers of

HIV11,12. Collectively these data are consistent with the hypoth-

esis that vitD3 supplementation positively impacts clinical out-

comes among HIV-infected children and young adults by

improving neuromuscular motor skills and immune parame-

ters. The benefits of vitD3 supplementation on clinical out-

comes in this population warrant further investigation. 

A variety of cellular mechanism have characterized the re-

lationship between vitD or 25(OH)D and neuromuscular motor

skills. VitD receptors have been reported in muscle cells24, and

have been implicated in muscle development25. VitD receptor

knockout (VDRKO) mice have impaired neuromuscular motor

performance when compared to that of wild-type mice.

VDRKO mice have smaller type I and II muscle fibers25, im-

paired forced swimming capacity, and worse dynamic balance

compared to wild-type mice26. Induced vitD deficiency in rats

has also been found to alter neuromuscular function compared

to rats with adequate vitD27. Collectively, these data provide

mechanistic preclinical data to support our findings and sup-

port the hypothesis that vitD may have an important role in

neuromuscular function28. 

Our findings are consistent with prior trials of vitD2 or vitD3

supplementation on muscle function outcomes. Among girls

aged 12-14 years, oral supplementation with 150,000 IU vitD2

administered every 3-months did not increase jump power or

jump energy over 12-months29. Similarly, among 250 adults

aged 18-50 years, daily oral supplementation with 1,000 IU

vitD3 did not increase jump energy, handgrip strength, or

lower-extremity strength30. A recent systematic review of 30

randomized controlled trials that included 5,615 participants

concluded vitD2 or vitD3 supplementation may produce a

small increase in muscular strength (P=0.02), but no increase

in muscular power (P=0.66)31. The benefits of vitD2 or vitD3

supplementation on muscular strength were most pronounced

among those with 25(OH)D concentrations <12 ng/mL, and

among people ≥65 years31. 

The majority of participants in our trial had low concentra-

tions of serum 25(OH)D at baseline; 95% of participants were

suboptimal for 25(OH)D (<32 ng/mL), 64% deficient (<20

ng/mL), and 26% severely deficient (<11 ng/mL). This obser-

vation is similar to other reports that HIV-infected children and

young adults are likely to have low concentrations of serum

25(OH)D32,33, particularly African Americans34. Adherence to

vitD3 supplementation in our study was 92%, and supplemen-

tation significantly increased concentrations of serum

25(OH)D over 12-months by 12.1 ng/mL (P<0.001) compared

to placebo. However only 33% of participants in the supple-

mentation group achieved a serum 25(OH)D concentration

≥32 ng/mL at 12-months. These data indicate that the study

participants were at-risk for vitD deficiency and were able to

significantly increase concentration of serum 25(OH)D

through vitD3 supplementation, but the range and duration of

the increases in 25(OH)D may have been insufficient to posi-

tively impact muscle function in this sample of participants.

Using post hoc exploratory multivariable-adjusted regression

models we characterized the relationship between serum

25(OH)D responders and non-responders. Responder status

was associated with increases in jump power and jump energy.

Prior cross-sectional studies have suggest a positive association

between concentration of serum 25(OH)D and jump outcomes

among adolescent girls35. Serum 25(OH)D was associated with

jump power (P=0.003), jump velocity (P=0.002), and jump

height (P=0.005)35. A randomized controlled trial of vitD sup-

plementation among postmenarchal females suggested that

girls with the lowest baseline 25(OH)D concentrations experi-

enced the greatest improvements in jump velocity29. Our post

hoc analyses provide evidence that suggest concentration of

serum 25(OH)D may favorably impact jump outcomes among

HIV-infected children and young adults. The results from these

multivariable-adjusted regression analyses should be inter-
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preted exploratory and as hypothesis-generating.

HIV-infected children and young adults experience defi-

ciencies in neuromuscular motor skills2, muscular power3,

muscular strength4, lean body mass5,6 and cardiorespiratory fit-

ness7. These deficiencies likely contribute to poor physical

functioning and reduced quality of life in this population8.

Identifying safe and effective interventions to improve com-

ponents of health and fitness may translate to improvements

in quality of life. For example, a 24-session exercise training

program increased lower extremity muscular strength by

25.9% (P<0.001) and lean body muscle mass by 4.5%

(P<0.001) among 17 HIV-infected children and young adults

Table 3. Vitamin D3 supplementation vs. placebo on muscle function outcomes.

n Baseline n 3-Month n 6-Month n 12-Month Fixed effect 

of randomization 

LSMean ± SEa Pa

Force Plate

Peak Jump Power (watts)

- Placebo 27 2596±148 25 2734±176 25 2732±178 26 2735±160b 2697±59 0.369
- Vitamin D 29 2671±171 28 2823±187 28 2910±197b 24 2665±187 2770±57

Peak Jump Energy (cm)

- Placebo 27 32.8±2.0 25 35.5±1.8 25 33.7±2.0 26 34.5±2.1 34.6±0.7 0.142
- Vitamin D 29 33.0±2.0 28 35.1±1.8 28 36.4±1.9 24 35.9±2.0b 36.1±0.8

Biodex Ankle (Newton-meters)

Isometric Plantar Extension Peak Torque

-10°

- Placebo 24 70.0±4.8 22 73.7±4.8 22 80.7±5.3 18 75.6±6.3 72.5±2.7 0.698
- Vitamin D 26 68.6±6.8 25 79.2±6.3 22 78.6±6.5 22 76.0±7.4 74.0±2.6

0°

- Placebo 27 64.3±5.6 26 61.6±3.6 26 71.9±4.8 26 67.7±4.1 64.9±2.3 0.429
- Vitamin D 29 62.7±5.3 29 67.1±4.5 29 70.4±5.1 26 64.2±5.9 67.4±2.2

10°

- Placebo 27 54.1±4.8 26 50.9±3.8 26 58.1±4.7 26 55.7±3.8 53.5±1.9 0.944
- Vitamin D 29 52.7±4.1 29 53.2±3.6 29 52.5±4.3 26 50.3±4.7 53.2±1.8

20°

- Placebo 27 42.0±3.9 26 37.7±3.3 26 44.7±4.0 26 41.9±3.1 40.0±1.5 0.696
- Vitamin D 29 39.6±3.0 29 36.3±2.8 29 38.2±3.6 26 37.7±3.5 39.2±1.5

Dorsiflexion Peak Torque

-10°

- Placebo 24 16.4±1.2 22 17.0±1.4 22 16.6±1.5 18 15.1±1.3 16.2±0.6 0.954
- Vitamin D 26 16.8±1.4 25 17.1±1.4 22 17.4±1.6 22 15.1±1.5 16.1±0.6

0°

- Placebo 27 22.0±1.4 26 21.2±1.5 26 21.4±1.5 26 20.1±1.2 21.2±0.6 0.452
- Vitamin D 29 22.1±1.4 29 22.0±1.5 29 23.0±1.3 26 19.8±1.4 21.7±0.6

10°

- Placebo 27 26.6±1.7 26 23.9±1.6b 26 26.1±1.7 26 24.0±1.4 24.9±0.6 0.522
- Vitamin D 29 25.8±1.4 29 25.9±1.6 29 25.3±1.5 26 23.4±1.4 25.4±0.6

20°

- Placebo 27 27.5±1.7 26 25.1±1.7 26 27.8±2.0 26 25.7±1.6 26.1±0.7 0.456
- Vitamin D 29 26.6±1.4 29 26.6±1.5 29 26.7±1.6 26 26.0±1.5 26.8±0.7

Biodex Knee (Newton-meters)

Extension Peak Torque

60°/sec

- Placebo 27 78.8±4.9 26 73.6±4.3 26 76.0±5.8 26 65.2±4.2b 76.8±2.1 0.927
- Vitamin D 29 88.1±6.2 29 84.3±6.5 29 76.7±4.9b 26 68.2±5.2b 76.5±2.0

Flexion Peak Torque

60°/sec

- Placebo 27 36.7±2.2 26 36.6±2.3 26 37.7±2.8 26 31.7±2.1b 35.8±1.3 0.902
- Vitamin D 29 37.4±2.4 29 38.6±2.8 29 38.3±3.1 26 30.2±2.4b 36.1±1.3

Handgrip Strength (kg)

- Placebo 27 32.3±2.1 26 33.9±2.1 26 33.3±2.1 25 33.7±2.3 34.7±0.5 0.901
- Vitamin D 29 35.3±1.9 29 36.6±2.1 29 36.0±1.9 26 35.7±2.1c 34.6±0.5

aResults are the fixed effect of randomization group from multilevel regression models testing for persistence of response at 3-12 months based on untransformed data,
also controlling for time of study visit and adjusting for baseline values; data are least-squares mean (LSMean) ± standard error (SE). bSignificantly different from
baseline mean within randomization group by paired t-test at P<0.05. cSignificantly different from placebo mean within time of study visit by Student’s t-test at P<0.05.
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aged 6.0 to 22.6 years36. Physical activity or exercise is posi-

tively associated with a variety of outcomes among HIV-in-

fected adults37,38 including quality of life39; however less is

known about the safety and efficacy of physical activity or ex-

ercise among HIV-infected children and young adults36. Given

the benefits of vitD3 supplementation on neuromuscular motor

skills and immune parameters in HIV-infected children and

young adults11,12, future studies may wish to examine the in-

teractive effects of vitD3 supplementation with physical activ-

ity or exercise on components of health, fitness, and quality of

life in this population.

There are several limitations to this study. This was a sec-

ondary analysis of muscle health outcomes from a randomized

trial11. This trial was powered to detect a significant change in

the primary study outcome, concentration of serum 25(OH)D11.

Perhaps due in part to the modest sample size we did not iden-

tify statistically significant differences in muscular power and

muscular strength outcomes between randomized groups (i.e.,

using an intention-to-treat analysis). An additional limitation

was that we did not measure levels of physical activity. 

There are several strengths to this trial. Our outcome using

the BOTMP provides a unique insight to the potential efficacy

of daily high-dose vitD3 supplementation on neuromuscular

motor skills. We examined the effects of daily high-dose vitD3

supplementation (7,000 IU), on long-term (12-month) out-

comes with high adherence to the supplement/placebo. Our

study sample included predominately African-American par-

ticipants, many of whom (95%) had insufficient concentrations

of serum 25(OH)D at baseline. 

In summary, daily supplementation with high-dose (7,000

IU) vitD3 for 12-months among HIV-infected children and

young adults may positively impact neuromuscular motor skill

proficiency. These hypothesis-generating findings require fur-

ther study in larger prospective trials. 
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