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Context: The combination of vitamin D supplementation and exercise has gained 
attention for its potential to improve body composition and muscular strength.
Objective: In this systematic review and meta-analysis we aimed to determine 
whether combining vitamin D supplementation with exercise is more effective than 
exercise alone in improving body composition and muscular strength in adults.
Data Sources: We systematically searched PubMed, Web of Science, and Scopus 
up to April 1, 2024.
Data Extraction: Studies evaluating vitamin D supplementation combined with 
exercise versus exercise-only controls were included. Outcomes assessed were 
25-hydroxyvitamin D [25(OH)D], body weight (BW), body mass index (BMI), fat 
mass (FM), body fat percentage (BFP), fat-free mass (FFM), and muscular strength 
(handgrip, leg press, and knee extension). Weighted mean differences (WMDs) 
were calculated. Fractional polynomial modeling was used to assess nonlinear 
associations between vitamin D dose (IU/wk), intervention duration, and outcomes.
Data Analysis: A total of 28 studies with 1675 participants were included. 
Vitamin D combined with exercise significantly increased 25(OH)D levels compared 
to exercise alone (WMD, 34.11 nmol/L; P¼ .001). Subgroup analyses showed 
significant increases in 25(OH)D levels in both healthy and unhealthy adults. No 
significant effects were observed for BW, BMI, FM, BFP, FFM, or leg press strength 
(all P> .05). A modest but significant improvement was found in knee extension 
strength (WMD, 4.36 kg; P¼ .039). Additionally, handgrip strength improved 
significantly in older adults and in those receiving higher vitamin D doses.
Conclusion: Vitamin D supplementation combined with exercise increases 25(OH) 
D levels but does not improve body composition more than exercise alone. Overall, 
muscular strength was not significantly affected; however, modest improvements 
were observed in knee extension strength and handgrip strength, particularly in 
older adults and those receiving higher vitamin D doses.
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INTRODUCTION

Vitamin D is a crucial fat-soluble vitamin and prohor

mone that plays diverse roles in human physiology, 

most notably in musculoskeletal health.1 Circulating 

25-hydroxyvitamin D [25(OH)D] levels have been asso

ciated with alterations in body composition, with evi

dence suggesting a bidirectional relationship between 

adiposity and 25(OH)D.2 Higher body mass index 

(BMI) is commonly linked to vitamin D deficiency. Low 

25(OH)D levels are associated with increased fat mass 

(FM),3 body fat percentage (BFP), waist circumference, 

and in particular subcutaneous fat.4,5 These findings 

indicate that obesity may negatively influence 25(OH)D 

levels. An association between 25(OH)D levels and 

anthropometric parameters, body composition, and 

physical activity has also been demonstrated in youth 

(1-19 years old, 43 females, 42 children) with chronic 

diseases such as hypertension and diabetes mellitus.6 In 

middle-aged and older adults, vitamin D deficiency may 

increase the risk of sarcopenia, contributing to muscle 

and strength loss, impaired physical performance, and a 

higher likelihood of adverse health events.7–9 However, 

the effects of vitamin D supplementation on muscle 

strength remain controversial.10–13

Various interventions including pharmaceuticals, 

dietary supplements, and lifestyle changes have been 

used to improve body composition and prevent age- 

related diseases and chronic conditions.14,15 Physical 

activity is a lifestyle intervention that has been shown to 

significantly increase muscle mass while reducing body 

fat (both FM and BFP).16 Although physical activity has 

numerous beneficial impacts on body composition and 

muscular adaptations, studies have demonstrated that it 

cannot counteract the detrimental effects of inadequate 

nutrition.17,18 This finding suggests the need to opti

mize interventions for improving body composition 

and muscle strength in adults.18 Vitamin D is relevant 

in this regard as it modulates skeletal muscle physiology 

and function by regulating the proliferation and differ

entiation of muscle fibers, as well as muscle strength 

and performance adaptations.19,20 However, with 

increasing age, individuals experience reduced sun 

exposure and dietary intake of vitamin D, resulting in 

decreased 25(OH)D levels. This, in turn, increases the 

risk of sarcopenia,7 which is both a contributing factor 

to and a consequence of diabetes. Reduced 25(OH)D 

may also disrupt the way glucose is used in the body 

because of reduced muscle mass, as well as causing 

inflammation and an increase in body fat.21 On the 

other hand, muscle mass and strength are impaired by 

diabetes-related insulin resistance and inflammation.22

Therefore, lifestyle adjustments and exercise training 

are necessary for enhancing body composition and met

abolic health in people with sarcopenia and diabetes.23

Several meta-analyses have evaluated the influence 

of vitamin D supplementation on body composition 

and muscular strength, but their results are conflict

ing.24–26 Despite the large body of evidence in this 

research area, the role of vitamin D supplementation 

combined with exercise training in modulating body 

composition and muscular strength compared to exer

cise alone has not been fully elucidated. In this system

atic review and meta-analysis we aimed to determine 

whether adding vitamin D supplementation to exercise 

training provides additive benefits for body composi

tion (BW, BMI, FM, BFP, and fat-free mass [FFM]) and 

muscular strength outcomes compared to exercise 

alone. While synergy cannot be directly assessed with

out a vitamin D only group, in our analyses we explored 

the extent to which the combination exceeds the effect 

of exercise alone.

METHODS

Study Registration

The present systematic review and meta-analysis were 

carried out according to the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses guidelines27

and the Cochrane Handbook of Systematic Reviews of 

Interventions.28 Additionally, the study was registered in 

advance in the International Prospective Register of 

Systematic Reviews (PROSPERO; CRD42024548619).

Search Strategy

A comprehensive electronic database search was con

ducted in Scopus, PubMed, and Web of Science up to 

April 1, 2024, by 2 independent researchers. The key 

words “vitamin D” or “cholecalciferol�” or “calciferol�” 

or “ergocalciferol�”, and “aging” or “aged” or “old�” or 

“adult�” or “people” or “person�” or “population�” or 

“elderly” or “senior�” or “geriatric�” or “age�” or “elder�” 

or “older” or “elderly”, and “body composition” or “fat 

mass” or “free fat mass” or “ fat percent” or “lean mass” 
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or “body mass index” or “body fat” or “adiposity” or 

“abdominal fat” or “visceral fat” or “adipose tissue” or 

“muscle development” or “muscle, skeletal” or “skeletal 

muscle” or “atrophy” or “sarcopenia” or “muscular 

atrophy” or “wasting” or “loss” or “deterioration” or 

“muscle strength” or “skeletal muscle mass” or “size” or 

“fibres” or “fibers” or “area” or “muscular adaptation” 

or “function�” or “power” or “strength” or “grow�” or 

“hypertrophy” or “body composition” or “protein” or 

“turnover” or “synthesis” or “breakdown” or “nitrogen” 

or “balance” or “turnover” or “synthesis” or “breakdown” 

or “retention” or “loss” or “retain�” or “sarcopenia”, and 

“Exercise” or “training” or “Exercise training” or “physical 

activity” or “physical activities” or “resistance Exercise” or 

“resistance training” or “strenuous Exercise” or “strength 

Exercise” or “strength training” or “weight” or “cardio” 

or “aerobic Exercise” or “aerobic training” or “train�” 

or “lift�” or “Exercise�” or “Exertion�” or “endurance 

Exercise” or “endurance training” or “fitness” or “eccentric 

Exercise”, and “controlled trial” or “randomized” or 

“random” or “randomly” or “randomized clinical trial” or 

“randomized controlled trial” or “RCT” or “blinded” or 

“double blind” or “double blinded” or “trial” or 

“controlled clinical trial” or “clinical trial” or “clinical 

trials” or “crossover procedure” or “cross-over trial” or 

“double blind procedure” or “equivalence trial” were 

used in the searches. To ensure retrieval of relevant 

records, the reference lists of all included studies were 

examined for any additional sources that may have been 

missed in the initial electronic searches. The searches 

were limited to articles written in English, including 

randomized controlled trials (RCTs) and cross-over tri

als involving younger and older adults between the ages 

of 18 and 90 years. There was no lower limit on publica

tion dates; studies published up to April 1, 2024, were 

considered. Supplementary Table 1 displays the detailed 

search strategy.

Study Selection and Inclusion Criteria

Figure 1 presents the flow of articles through the study 

selection process. Following the removal of duplicate 

studies, titles and abstracts of articles were reviewed 

(initial screening), and then the full texts of potentially 

eligible studies were assessed (secondary screening) by 2 

independent reviewers to determine eligibility for inclu

sion, and any disagreements were resolved by discus

sion with another author. The following data and 

information were extracted from studies: (1) participant 

characteristics, including biological sex, age, BMI, and 

sample size; (2) exercise protocol characteristics, includ

ing exercise type, intensity, number of sessions per 

week, and intervention duration (weeks); and (3) 

vitamin D intervention characteristics, including dose 

and daily intake. The outcomes at pre- and post- 

intervention (means and SDs, or mean differences and 

associated SDs) were entered into the meta-analyses to 

generate forest plots. If the means and SDs were not 

reported, the SDs were calculated from SEMs, medians 

and IQRs, or means and IQRs.29–31

Studies involving adults (≥18 years old) supple

mented with vitamin D combined with exercise training 

were included if they met the following criteria: the 

study design was an RCT or a cross-over trial; outcomes 

included 25(OH)D, BW, BMI, FM, BFP, FFM, and 

muscular strength assessed by handgrip, leg press, or 

knee extension exercises; and participants were of either 

biological sex, with or without metabolic diseases or 

conditions relevant to vitamin D supplementation. 

Studies were excluded if they lacked a control group or 

involved participants with cancer. (Table 1)3,10–13,32–54

provides details on population, intervention/exposure, 

comparison/control, outcome, and study design 

(PICOS) criteria.

Quality Assessment and Sensitivity Analyses

To evaluate potential risk for biases, we employed the 

Physiotherapy Evidence Database scale.55 The original 

11 items were as follows: (1) defined criteria for eligibil

ity; (2) randomized participant allocation; (3) concealed 

allocation; (4) similarity of groups at baseline; (5) blind

ing of all assessors; (6) blinding of all therapists; (7) 

blinding of all participants; (8) evaluated outcomes in 

85% of participants; (9) intention-to-treat analysis; (10) 

reporting of statistical comparisons between groups; 

(11) and point measures and measures of variability. 

Sensitivity analyses were also conducted for all out

comes using the “remove 1” technique. This procedure 

aimed to assess whether individual studies had a dispro

portionate effect on the results of the meta-analyses.

Statistical Analysis

In order to perform meta-analyses and dose-response 

analyses, we used the comprehensive meta-analysis soft

ware version 2.0 (CMA2; Biostat Inc., New Jersey, 

United States) and STATA version 14.0 (StataCorp, 

College Station, Lakeway, TX, United States), respec

tively. These analyses involved calculating weighted 

mean differences (WMDs) and 95% CIs to assess out

comes. Results were pooled using random-effects mod

els, assuming that clinical and methodological 

heterogeneity was likely present and could have influ

enced the overall estimates.56 Effect sizes were deter

mined to assess and compare the effects of vitamin D 

supplementation in addition to exercise training on 

body composition and muscular strength. For the 

Nutrition ReviewsVR Vol. 00(00):1–21                                                                                                                                                                          3 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf264/8407874 by  C
enveo on 08 January 2026

https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf264#supplementary-data


assessment of heterogeneity, the I2 statistic was calcu

lated, with a significance level set at P< .05. Per the 

guidelines provided by Cochrane, the interpretation of 

I2 statistics as publication bias was identified by visually 

analyzing funnel plots. When publication bias was appa

rent, Egger’s tests were employed as a confirmatory 

measure. If the P-value was <.1, an observable and 

noteworthy publication bias was indicated.57 Subgroup 

analyses performed based on (1) age (younger adults 

18-65 years old, or older adults ≥65 years old), (2) 

vitamin D supplementation doses (<10 000 IU/wk as low 

doses, or >10 000 IU/wk as high doses), (3) participant 

health (without metabolic diseases as healthy, or with met

abolic diseases or relevant conditions [type 2 diabetes mel

litus, or sarcopenia] as unhealthy), (4) vitamin D 

supplementation provided with or without protein-based 

Figure 1. Flow Diagram of Systematic Literature Search
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supplementation), and (5) BMI of participants (<25 kg/m2 

as normal weight, 25-29.9 kg/m2 as overweight, or 

≥30 kg/m2 as obesity58). Additionally, subgroup analy

ses were performed based on baseline 25(OH)D levels 

[<50 nmol/L as 25(OH)D deficiency, or 50-75 nmol/L 

as 25(OH)D insufficiency59]. Furthermore, the potential 

nonlinear effects of vitamin D dose (IU/wk) and inter

vention duration (week) on 25(OH)D, BW, BMI, FM, 

BFP, FFM, handgrip, leg press, and knee extension 

strength were examined by using fractional polynomial 

modeling analysis, which was executed to evaluate the 

association between pooled effect size and vitamin D 

dose (IU/wk).60

RESULTS

Included Studies

From our initial search strategy, we retrieved a total of 

1009 records in PubMed, 4020 records in Scopus, and 

2113 records in Web of Science. After excluding dupli

cate records, 4825 records remained. After assessing the 

titles and abstracts, 76 studies were determined to be 

relevant and required a comprehensive assessment of 

their complete texts. The detailed assessment of the full 

texts led to 48 studies being excluded for the following 

reasons: (1) did not have a control group (n¼ 20); (2) 

did not measure body composition and/or muscular 

strength (n¼ 15); (3) included participants with cancer 

or other diseases (n¼ 6); (4) included participants who 

were <18 years old (n¼ 7). Finally, the current system

atic review and meta-analysis included a total of 28 

studies, comprising 31 intervention groups. The flow 

diagram of the systematic literature search is displayed 

in Figure 1.

Participant Characteristics

There were 1675 participants among the 28 included stud

ies, with sample sizes ranging from 935 to 244.11 The aver

age ages and BMIs varied across studies, with ages ranging 

from 21 years39 to 83 years,3 and BMIs ranging from 

22 kg/m239 to 31 kg/m2.10 Five studies only included 

male participants,13,33,39,43,47 9 studies only included 

female participants,11,32,34,37,41,44,45,52,54 and 14 studies had 

both male and female participants.3,10,12,35,36,38,40,42,46, 

48–51,53 The health status of participants varied across the 

studies. Twenty-one studies included healthy partici

pants,3,10–13,32–41,43,47,48,50,51,54 2 studies focused on partici

pants with sarcopenia,45,46 4 studies focused on 

participants with type 2 diabetes,44,49,52,53 1 study focused 

on participants with chronic obstructive pulmonary dis

ease42 and 4 studies focused on participants with 25(OH) 

D deficiency.13,38,44,48 In 1 study, participants had 2 types of 

health conditions [25(OH)D deficiency and type 2 diabe

tes].44 The participant characteristics are shown in Table 2.

Study and Outcome Characteristics

All of the included studies were RCTs. Fifteen studies 

included vitamin D supplementation only, and 9 studies 

included vitamin D combined with protein-based sup

plementation such as protein, amino acids, or carbohy

drates. The weekly intake of vitamin D supplements 

ranged from 525046 to 56 000 IU,13 and the vitamin D 

supplementation period ranged from 639 to 104 weeks.54

The types of exercise training were aerobic and resist

ance exercises. More detailed information on the study 

characteristics is shown in Table 2.3,10–13,32–54

The outcomes were reported as follows: 25(OH)D 

was reported in 16 studies,10,11,13,32–34,36,39–42,45,47,48,51,53

BW in 9 studies,13,39,41,43,44,47–49,52 BMI in 7 

studies,32,34,40,41,44,47,52 BFP in 9 studies,11,13,34,39,40,44–46,53

FM in 12 studies,10,11,13,39,40,43–46,48,49,52 FFM in 10 

studies,10,11,13,39,40,43,44,49,50,53 muscular strength (handgrip 

strength) in 11 studies,3,11,12,35,37,38,45,46,48,50,53 leg press in 

6 studies,10,11,13,39,41,49 and knee extension strength in 5 

studies.12,13,42,45,54

Quality Assessment

The Physiotherapy Evidence Database (PEDro) scale 

was used to assess the methodological quality of each 

individual study, with scores varying between 6 and 10 

Table 1. PICOS Criteria for Inclusion of Studies
Parameter Criteria

Participants Adults (≥18 y old) supplemented with vitamin D combined with 
exercise training

Intervention Vitamin D supplementation
Control/comparison Adults who only exercised
Outcome 25(OH)D, BW, BMI, FM, BFP, FFM, and muscular strength using 

handgrip, leg press, or knee extension strength
Study design Studies including randomized controlled trial designs
Abbreviations: BMI, body mass index; BFP, body fat percentage; BW, body weight; FFM, fat-free mass; FM, fat mass; 25(OH)D, 25- 
hydroxyvitamin D.
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out of a possible maximum of 11 points. Three studies 

had scores of 10,11,42,53 10 studies had scores of 

9,10,12,13,37,38,40,44,46–48 4 studies had scores of 8,35,41,51,54

6 studies had scores of 7,33,34,36,39,43,52 and 5 studies had 

scores of 6.3,32,45,49,50 Most of the lower scores were due 

to 3 items (concealed allocation, evaluated outcomes in 

85% of participants, and intention-to-treat analysis). 

The details of the quality analysis are shown in supple

mentary Table 2.3,10–13,32–54

Meta-Analysis

25-Hydroxyvitamin D. Based on 19 intervention arms, 

vitamin D supplementation combined with exercise 

training resulted in significantly greater increases in 25 

(OH)D [WMD¼ 34.11 nmol/L (95% CI, 21.76-46.45), 

P¼ .001] when compared with the exercise only group 

(Figure 2).10,11,13,32–34,36,39–42,45,47,48,51,53 Among the 

included studies, there was significant heterogeneity (I2 

¼ 95.85%, P¼ .001). Examination of funnel plots and 

the results of the Egger’s test (P¼ .234) did not suggest 

publication bias. Additionally, sensitivity analysis con

ducted using the “remove 1” technique demonstrated 

that there were no changes in the effect size, significance 

of the findings, or direction of the results.

Subgroup analyses by baseline 25(OH)D levels of 

participants revealed significant increases in 25(OH)D 

in adults with 25(OH)D deficiency [WMD, 35.73 nmol/ 

L (95% CI, 7.13-64.32), P¼ .014, 8 interventions] and 

adults with insufficiency [WMD, 31.40 nmol/L (95% CI, 

21.09-41.71), P¼ .001, 11 interventions] compared with 

the exercise-only group.

Subgroup analyses by age revealed significant increases 

in 25(OH)D in younger adults [WMD¼ 33.60 nmol/L 

(95% CI, 16.02-51.17), P¼ .001, 13 interventions] and older 

adults [WMD¼ 34.34 nmol/L (95% CI, 17.67-51.00), 

P¼ .001, 6 interventions] compared with the exercise-only 

group.

Subgroup analyses by vitamin D supplementation doses 

revealed significant increases in 25(OH)D for low doses 

(<10 000 IU/wk) [WMD¼ 21.91 nmol/L (95% CI, 10.33- 

33.49), P¼ .001, 6 interventions] or high doses of vitamin D 

supplementation (>10 000 IU/wk) [WMD¼ 40.27 nmol/L 

(95% CI, 22.25-58.30), P¼ .001, 13 interventions] when com

pared with the exercise-only group.

Subgroup analyses by health condition indicated 

significant increases in 25(OH)D for both healthy 

[WMD¼ 31.83 nmol/L; (95% CI, 17.92-45.75); P¼ .001; 

16 interventions] and unhealthy participants 

[WMD¼ 46.01 nmol/L; (95% CI, 17.21-74.80); P¼ .002; 

3 interventions], compared with the exercise-only 

group.

Subgroup analyses by vitamin D supplementation 

with or without protein-based supplementation revealed 

significantly greater increases in 25(OH)D for interven

tions that included vitamin D combined with protein- 

based supplementation [WMD¼ 26.16 nmol/L (95% 

CI, 21.29-31.02), P¼ .001, 5 interventions] or vitamin D 

only [WMD¼ 37.66 nmol/L (95% CI, 18.81-56.50, 

P¼ .001, 14 interventions] when compared with the 

exercise-only group.

Subgroup analyses by BMI status revealed signifi

cantly greater increases in 25(OH)D for participants 

with normal weight [WMD¼ 55.94 nmol/L (95% CI, 

21.61-90.28), P¼ .001, 6 interventions], overweight 

Figure 2. Forest Plot of Effects of Vitamin D Supplementation Combined With Exercise vs Exercise Only on 25(OH)D Levels. Data are reported 
as WMDs (95% CI). WMDs, weighted mean differences.

Nutrition ReviewsVR Vol. 00(00):1–21                                                                                                                                                                          9 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf264/8407874 by  C
enveo on 08 January 2026

https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf264#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf264#supplementary-data


[WMD¼ 30.02 nmol/L (95% CI, 22.68-37.35), P¼ .001, 

6 interventions], or obesity [WMD¼ 14.97 nmol/L 

(95% CI, 6.65-23.29), P¼ .001, 7 interventions] when 

compared with the exercise-only group.

Body Weight. Based on 10 intervention arms, vitamin D 

supplementation combined with exercise training did not 

lead to a significantly different change in BW 

[WMD¼−0.03 kg (95% CI, −1.03 to 0.96), P¼ .940] when 

compared with exercise alone (Figure 3).13,39,41,43,44,47–49,52

Among the included studies, there was no significant heter

ogeneity (I2¼0.00%, P¼ 1.000). Examination of funnel 

plots and the results of the Egger’s test (P¼ .360) did not 

show publication bias. Additionally, sensitivity analysis con

ducted using the “remove 1” technique demonstrated that 

there were no changes in the effect size, significance of the 

findings, or direction of the results.

Subgroup analyses by age revealed no significant differ

ences in BW for younger adults [WMD¼−0.07 kg (95% 

CI, −1.11 to 0.96), P¼ .880, 8 interventions] or older adults 

[WMD¼ 0.37 kg (95% CI, −3.179 to 3.93), P¼ .830, 2 

interventions], compared with the exercise-only group.

Subgroup analyses by vitamin D supplementation 

doses revealed no significant differences in BW for low 

doses (<10 000 IU/wk) [WMD¼ 0.30 kg (95% CI, −3.19 to 

3.80), P¼ .860, 2 interventions] or high doses of vitamin D 

supplementation (>10 000 IU/wk) [WMD¼−0.069 kg 

(95% CI, −1.11 to 0.97), P¼ .890, 8 interventions] com

pared with the exercise-only group.

Subgroup analyses by health condition revealed no sig

nificant differences in BW for healthy [WMD¼−0.06 kg 

(95% CI, −1.11 to 0.97), P¼ .901, 7 interventions] or 

unhealthy participants [WMD¼ 0.24 kg (95% CI, −3.13 to 

3.62), P¼ .885, 3 interventions] compared with the 

exercise-only group.

Subgroup analyses by vitamin D with or without 

protein-based supplementation revealed no significant 

differences in BW for participants supplemented with 

vitamin D combined with protein-based supplementa

tion [WMD¼ 0.47 kg (95% CI, −2.45 to 3.40), P¼ .750, 

4 interventions] or vitamin D only [WMD¼−0.10 kg 

(95% CI, −1.16 to 0.95), P¼ .840, 6 interventions] com

pared with the exercise-only group.

Subgroup analyses by BMI revealed no significant 

differences in BW for participants with normal weight 

[WMD¼−0.33 kg (95% CI, −3.64 to 2.97), P¼ .840, 4 

interventions], overweight [WMD¼ 0.89 kg (95% CI, 

−2.85 to 4.63), P¼ .640, 2 interventions], or obesity 

[WMD¼−0.08 kg (95% CI, −1.17 to 1.00), P¼ .870, 4 

interventions] compared with the exercise-only group.

Body mass index. Based on 8 intervention arms, 

vitamin D supplementation combined with exercise 

training did not change BMI [WMD¼−0.36 kg.m−2 

(95% CI, −0.81 to 0.07), P¼ .104] when compared with 

exercise alone (Figure 4).32,34,40,41,44,47,52Among the 

included studies, there was no significant heterogeneity 

(I2 ¼ 0.00%, P¼ .994). Examination of funnel plots and 

the results of the Egger’s test (P¼ 0.901) did not show 

publication bias. Additionally, sensitivity analysis con

ducted using the “remove 1” technique demonstrated 

that there were no changes in the effect size, significance 

of the findings, or direction of the results.

Subgroup analyses by vitamin D supplementation 

doses revealed no significant changes in BMI for low 

doses (<10 000 IU/wk) [WMD¼−0.44 kg.m−2 (95% 

CI, −0.98 to 0.10), P¼ .109, 3 interventions] or high 

doses of vitamin D (>10 000 IU/wk) [WMD¼−0.21 kg. 

m−2 (95% CI, −0.98 to 0.55), P¼ .58, 5 interventions] 

compared with the exercise-only group.

Subgroup analyses by health condition revealed no 

significant changes in BMI for healthy [WMD¼−0.39 kg. 

m−2 (95% CI, −0.85 to 0.06), P¼ .096, 6 interventions] or 

unhealthy participants [WMD¼−0.07 kg.m − 2 (95% CI, 

−1.73 to 1.59), P¼ .935, 2 interventions] compared with 

the exercise-only group.

Figure 3. Forest Plot of Effects of Vitamin D supplementation combined with exercise vs exercise only on BW. Data are reported as WMD 
(95% confidence limits). WMD, weighted mean differences
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Due to the small number of studies, subgroup anal

yses based on age, vitamin D with or without protein- 

based supplementation, and BMI were not performed.

Fat Mass. Based on 14 intervention arms, vitamin D 

supplementation combined with exercise training did 

not significantly change FM [WMD¼−0.24 kg (95% 

CI, −0.90 to 0.41), P¼ .460] compared with exercise 

alone (Figure 5).10,11,13,39,40,43–46,48,49,52 Among the 

included studies, there was no significant heterogeneity 

(I2 ¼ 0.00%, P¼ .984). Examination of funnel plots and 

results of the Egger’s test (P¼ .381) did not show publi

cation bias. Additionally, sensitivity analysis conducted 

using the “remove 1” technique demonstrated that there 

were no changes in the effect size, significance of the 

findings, or direction of the results.

Subgroup analyses by age revealed no significant 

differences in FM for younger [WMD¼−0.05 kg (95% 

CI, −0.86 to 0.75), P¼ .890, 7 interventions] or older 

adults [WMD¼−0.61 kg (95% CI, −1.74 to 0.51), 

P¼ .284, 7 interventions] when compared with the 

exercise-only group.

Subgroup analyses by vitamin D supplementation 

doses revealed no significant differences in FM for 

low doses (<10 000 IU/wk) [WMD¼−0.72 kg (95% CI, 

−1.86 to 0.41), P¼ .210, 6 interventions] or high doses 

of vitamin D supplementation (>10 000 IU/wk) 

[WMD¼−0.003 kg (95% CI, −0.81 to 0.80), P¼ .993, 8 

interventions] when compared with the exercise-only 

group.

Subgroup analyses by health condition revealed no sig

nificant differences in FM for healthy [WMD¼−0.04 kg 

(95% CI, −0.79 to 0.71), P¼ .911, 10 interventions] or 

unhealthy participants [WMD¼−0.90 kg (95% CI, −2.26 

to 0.45), P¼ .191, 4 interventions] when compared with the 

exercise-only group.

Subgroup analyses by vitamin D supplements with 

or without protein-based supplementation revealed no 

significant differences in FM for vitamin D supplements 

combined with protein-based supplementation 

Figure 4. Forest Plot of Effects of Vitamin D supplementation combined with exercise vs exercise only on BMI. Data are reported as WMD 
(95% confidence limits). WMD, weighted mean differences

Figure 5. Forest Plot of Effects of Vitamin D supplementation combined with exercise vs exercise only on FM. Data are reported as WMD 
(95% confidence limits). WMD, weighted mean differences
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[WMD¼−0.70 kg (95% CI, −1.81 to 0.40), P¼ .215, 7 

interventions], or vitamin D supplementation only 

[WMD¼ 0.003 kg (95% CI, −0.81 to 0.82), P¼ .995, 7 

interventions] when compared with the exercise-only 

group.

Subgroup analyses by BMI status revealed no sig

nificant differences in FM for those with normal weight 

[WMD¼−1.46 kg (95% CI, −3.10 to 0.18), P¼ .081, 4 

interventions], overweight [WMD¼−0.15 kg (95% CI, 

−1.50 to 1.20), P¼ .820, 4 interventions], or obesity 

[WMD¼ 0.04 kg (95% CI, −0.80 to 0.89), P¼ .923, 6 

interventions] when compared with the exercise-only 

group.

Body Fat Percentage. Based on 11 intervention arms, 

vitamin D supplementation combined with exercise 

training did not change BFP [WMD¼−0.64% (95% CI, 

−1.54 to 0.24), P¼ .153] more than exercise alone 

(Figure 6).11,13,34,39,40,44–46,53 Among the included stud

ies, there was no significant heterogeneity (I2 ¼ 0.00%, 

P¼ .971). The examination of funnel plots and the 

results of the Egger’s test (P¼ .436) did not show publi

cation bias. Additionally, sensitivity analysis conducted 

using the “remove 1” technique demonstrated that there 

were no changes in the size of the effects, significance of 

the findings, or direction of the results.

Subgroup analyses by age revealed no significant 

differences in BFP for younger [WMD¼−0.44% (95% 

CI, −1.51 to 0.62), P¼ .418, 6 interventions] or older 

adults [WMD¼−1.11% (95% CI, −2.72 to 0.49), 

P¼ .174, 5 interventions] when compared with the 

exercise-only group.

Subgroup analyses by vitamin D supplementation 

doses revealed no significant differences in BFP for low 

doses (<10 000 IU/wk) [WMD¼−0.71% (95% CI, 

−1.71 to 0.28), P¼ .162, 7 interventions] or high doses 

of vitamin D supplementation (>10 000 IU/wk) 

[WMD¼−0.40% (95% CI, −2.35 to 1.55), P¼ .685, 4 

interventions] when compared with the exercise-only 

group.

Subgroup analyses by health condition revealed 

no significant differences in BFP for healthy 

[WMD¼−0.47% (95% CI, −1.52 to 0.56), P¼ .372, 7 

interventions] or unhealthy participants [WMD¼−1.11% 

(95% CI, −2.81 to 0.59), P¼ .201, 4 interventions] com

pared with the exercise-only group.

Subgroup analyses by vitamin D supplements with 

or without protein-based supplementation revealed no 

significant differences in BFP for vitamin D combined 

with protein-based supplementation [WMD¼ -1.07% 

(95% CI, −2.39 to 0.23), P¼ .109, 5 interventions] or 

vitamin D only [WMD¼−0.28% (95% CI, −1.49 to 

0.92), P¼ .642, 6 interventions] compared with the 

exercise-only group.

Subgroup analyses by BMI status revealed no sig

nificant differences in BFP for participants with normal 

weight [WMD¼−1.30% (95% CI, −3.08 to 0.46), 

P¼ .147, 4 interventions] overweight [WMD¼−0.41% 

(95% CI, −1.48 to 0.665), P¼ .454, 5 interventions] or 

obesity [WMD¼−0.59% (95% CI, −4.18 to 3.00), 

P¼ .746, 2 interventions] when compared with the 

exercise-only group. Due to the small number of stud

ies, subgroup analysis based on participants with obesity 

was not performed.

Fat-Free Mass. Based on 12 intervention arms, 

vitamin D supplementation combined with exercise 

training did not significantly change FFM 

[WMD¼ 0.32 kg (95% CI, −0.25 to 0.89), P¼ .275] 

compared with the exercise-only group 

(Figure 7).10,11,13,39,40,43,44,49,50,53 Among the included 

studies, there was no significant heterogeneity (I2 ¼

0.00%, P¼ .628). The examination of funnel plots and 

the results of the Egger’s test (P¼ 1.00) did not show 

publication bias. Additionally, sensitivity analysis con

ducted using the “remove 1” technique demonstrated 

Figure 6. Forest Plot of Effects of Vitamin D supplementation combined with exercise vs exercise only on BFP. Data are reported as WMD 
(95% confidence limits). WMD, weighted mean differences
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that there were no changes in the effect size, significance 

of the findings, or direction of the results.

Subgroup analyses by age revealed no significant 

differences in FFM for younger [WMD¼ 0.71 kg (95% 

CI, −0.38 to 1.803), P¼ .203, 7 interventions] or older 

adults [WMD¼ 0.10 (95% CI, −0.83 to 1.04), P¼ .820, 

5 interventions] when compared with the exercise-only 

group.

Subgroup analyses by vitamin D supplementation 

doses revealed no significant differences in FFM for 

low doses (<10 000 IU/wk) [WMD¼ 0.85 kg (95% CI, 

−0.12 to 1.83), P¼ .088, 6 interventions] or high 

doses of vitamin D supplementation (>10 000 IU/wk) 

[WMD¼−0.14 kg (95% CI, −0.98 to 0.69), P¼ .735, 6 

interventions] when compared with the exercise-only 

group.

Subgroup analyses by health condition revealed no 

significant changes in FFM for healthy [WMD¼ 0.38 kg 

(95% CI, −0.30 to 1.07), P¼ .278, 9 interventions] or 

unhealthy participants [WMD¼ 0.50 kg (95% CI, −1.54 

to 2.55), P¼ .627, 3 interventions] when compared with 

the exercise-only group.

Subgroup analyses by vitamin D supplementation 

with or without protein-based supplementation revealed 

no significant differences in FFM for vitamin D combined 

with protein-based supplementation [WMD¼ 0.86 kg 

(95% CI, −0.11 to 1.84), P¼ .084, 6 interventions], or 

vitamin D only [WMD¼−0.16 kg (95% CI, −1.00 to 

0.68), P¼ .708, 6 interventions] when compared with the 

exercise-only group.

Subgroup analyses by BMI status revealed signifi

cant increases in FFM for participants with overweight 

[WMD¼ 1.68 kg (95% CI, 0.49-2.88), P¼ .006, 4 inter

ventions], but not with normal weight [WMD¼ 0.41 kg 

(95% CI, −1.97 to 2.80), P¼ .730, 3 interventions], or 

obesity [WMD¼−0.22 kg (95% CI, −1.10 to 0.66), 

P¼ .628, 4 interventions] when compared with the 

exercise-only group.

Handgrip Strength. Based on 11 intervention arms, 

vitamin D supplementation combined with exercise 

training did not significantly change handgrip strength 

[WMD¼ 0.49 kg (95% CI, −0.58 to 1.57), P¼ .368] 

compared with the exercise-only group 

(Figure 8A).3,11,12,35,37,38,45,46,48,50,53 Among the included 

studies, there was no significant heterogeneity (I2 ¼

38.18%, P¼ .095). Examination of funnel plots and the 

results of the Egger’s test (P¼ .204) did not suggest publi

cation bias. Additionally, sensitivity analysis conducted 

using the “remove 1” technique demonstrated that there 

were no changes in the effect size, significance of the find

ings, or direction of the results.

Subgroup analyses by age revealed a significant 

increase in handgrip strength for older [WMD¼ 1.07 kg 

(95% CI, 0.03-2.12), P¼ .043, 7 interventions], but not for 

younger adults [WMD¼−0.24 kg (95% CI, −2.54 to 

2.05), P¼ .830, 4 interventions] when compared with the 

exercise-only group.

Subgroup analyses by vitamin D supplementation 

doses revealed a significant increase in handgrip strength 

for high doses (>10 000 IU/wk) [WMD¼ 1.74 kg (95% 

CI, 0.45-3.02), P¼ .008, 4 interventions], but not for low 

doses of vitamin D supplementation (<10 000 IU/wk) 

[WMD¼−0.49 kg (95% CI, −1.55 to 0.56), P¼ .359, 7 

interventions] when compared with the exercise-only 

group.

Subgroup analyses by health condition revealed no 

significant differences in handgrip strength for healthy 

[WMD¼ 0.60 kg (95% CI, −0.88 to 2.09), P¼ .425, 8 

interventions] or unhealthy participants [WMD¼ 0.47 kg 

(95% CI, −1.18 to 2.14), P¼ .573, 3 interventions] when 

compared with the exercise-only group.

Subgroup analyses by vitamin D supplementation 

with or without protein-based supplementation revealed 

significant changes in handgrip strength for vitamin D 

supplementation alone [WMD¼ 1.49 kg (95% CI, 0.28- 

Figure 7. Forest Plot of Effects of Vitamin D supplementation combined with exercise vs exercise only on FFM. Data are reported as WMD 
(95% confidence limits). WMD, weighted mean differences
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2.71), P¼ .015, 6 interventions], but not for with 

protein-based supplementation [WMD¼−0.23 kg (95% 

CI, −1.66 to 1.20), P¼ .752, 5 interventions], when 

compared with the exercise-only group. Due to the 

small number of studies, subgroup analysis based on 

BMI was not performed.

Leg Press Strength. Based on 7 intervention arms, 

vitamin D supplementation combined with exercise 

training did not significantly change leg press strength 

[WMD¼ 0.28 kg (95% CI, −3.09 to 3.66), P¼ .860] 

when compared with the exercise-only group 

(Figure 8B).10,11,13,39,41,49 Among the included studies, 

there was no significant heterogeneity (I2 ¼ 0.00%, 

P¼ .960). Examination of funnel plots and the results of 

the Egger’s test (P¼ .320) did not suggest publication 

bias. Additionally, sensitivity analysis conducted using 

the “remove 1” technique demonstrated that there were 

no changes in the effect size, significance of the find

ings, or direction of the results.

Figure 8. Forest p Plot of Effects of Vitamin D supplementation combined with exercise vs exercise only on muscle strength. (A) handgrip 
strength (kg), (B) leg press (kg), (C) knee extension (kg). Data are reported as WMD (95% confidence limits). WMD, weighted mean 
differences
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Subgroup analyses by BMI status revealed no sig

nificant differences for participants with normal weight 

[WMD¼ 2.37 kg (95% CI, −13.43 to 18.18), P¼ .769, 3 

interventions], overweight [WMD¼ 3.61 kg (95% CI, 

−4.94 to 12.16), P¼ .408, 2 interventions], or obesity 

[WMD¼−0.48 kg (95% CI, −4.26 to 3.29), P¼ .802, 2 

interventions] when compared with the exercise-only 

group.

Subgroup analyses by vitamin D supplementation 

with or without protein-based supplementation revealed 

no significant changes for vitamin D combined with 

protein-based supplementation [WMD¼−0.14 kg (95% 

CI, −3.79 to 3.50), P¼ .939, 5 interventions], or for 

vitamin D only [WMD¼ 2.88 kg (95% CI, −6.08 to 

11.85), P¼ .529, 2 interventions], when compared with 

the exercise-only group.

Due to the small number of studies, subgroup anal

ysis based on age, health condition, and vitamin D sup

plementation was not performed.

Knee Extension Strength. Based on 5 intervention arms, 

vitamin D supplementation combined with exercise 

training resulted in significantly greater increases in 

knee extension strength [WMD¼ 4.36 kg (95% CI, 

0.22-8.50), P¼ .039], compared with the exercise-only 

group (Figure 8C).12,13,42,45,54

Among the included studies, there was no 

significant heterogeneity (I2 ¼ 62.87%, P¼ .029). 

Examination of funnel plots and the results of Egger’s 

test (P¼ .773) did not show publication bias. 

Additionally, sensitivity analysis conducted using the 

“remove 1” technique demonstrated that there were no 

changes in the effect size, significance of the findings, or 

direction of the results [WMD¼ 6.72 kg (95% CI, 5.00- 

8.43), P¼ .001].

Due to the small number of studies, subgroup anal

yses based on age, vitamin D supplementation, health 

condition, vitamin D supplementation with or without 

protein-based supplementation, and BMI status were 

not performed.

Dose-Response Analysis

Non-Linear Dose-Response Relationship Between 

Vitamin D Dose and Combined Effect Size. According to 

the dose of vitamin D supplementation (IU/wk), the 

dose-response analysis did not show any significant 

changes in 25(OH)D (r¼ 0.511, P-nonlinearity¼ .108), 

BW (r¼ 0.361, P-nonlinearity¼ .135), BMI (r¼ 0.519, 

P-nonlinearity¼ .347), FM (r¼ 0.393, P-non

linearity¼ .196), BFP (r¼ 0.152, P-nonlinearity¼ .380), 

leg press strength (r¼ 0.362, P-nonlinearity¼ .228), or 

knee extension strength (r¼ 0.960, P-non

linearity¼ .151) (Figure 9). However, significant 

nonlinear relationships were found for FFM (r¼ 0.689, 

P-nonlinearity¼ .026), and handgrip strength 

(r¼ 0.554, P-nonlinearity¼ .037) (Figure 9).

Non-Linear Dose-Response Relationship Between 

Intervention Duration and Combined Effect Size. 

According to the duration of vitamin D intervention 

(weeks), the dose-response analysis did not reveal any 

significant changes in 25(OH)D (r¼ 0.019, P-non

linearity¼ .773), BW (r¼ 0.150, P-nonlinearity¼ .307), 

BMI (r¼ 0.923, P-nonlinearity¼ 0.171), FM (r¼ 0.064, 

P-nonlinearity¼ .509), BFP (r¼ 0.138, P-non

linearity¼ .365), FFM (r¼ 0.400, P-nonlinearity¼ .069), 

handgrip strength (r¼ 0.623, P-nonlinearity¼ .862), leg 

press strength (r¼ 0.848, P-nonlinearity¼ .229), or 

knee extension strength (r¼ 0.530, P-non

linearity¼ .939) (Figure 10).

DISCUSSION

Given inconsistent evidence on the effects of vitamin D 

supplementation combined with exercise, this system

atic review and meta-analysis evaluated the impact of 

vitamin D supplementation on body composition and 

muscular strength in adults. Our results indicated that 

exercise training combined with vitamin D supplemen

tation significantly increased 25(OH)D levels in both 

healthy and unhealthy participants compared with exer

cise alone. While changes in BW, BMI, FM, and BFP 

did not differ between groups, subgroup analysis by 

BMI revealed a significant increase of FFM for over

weight participants but not for normal weight or obese 

participants. Interestingly, handgrip strength improve

ments were greater in older adults than younger adults 

and in those receiving higher rather than lower 

vitamin D doses during combined exercise and supple

mentation compared with exercise alone. These results 

may indicate a significant role of vitamin D supplemen

tation in supporting muscular function during physical 

activity, particularly in older adults.

25(OH)D

Collectively, pooled data from 19 RCTs involving 913 

participants showed that vitamin D supplementation 

combined with exercise significantly increased 25(OH) 

D levels in both younger and older adults compared to 

exercise alone. Subgroup analyses indicated that both 

high (>10 000 IU/wk) and low (<10 000 IU/wk) 

vitamin D doses were effective in raising 25(OH)D con

centrations. Contrary to prior assumptions, supplemen

tation significantly increased 25(OH)D in both healthy 

and metabolically unhealthy individuals, with no signifi

cant difference between these groups. This finding 
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challenges the notion that metabolic disorders impair 

the response to vitamin D.

Although mechanisms such as 25(OH)D sequestra

tion in adipose tissue, reduced bioavailability, and 

impaired hydroxylation have been proposed to explain 

diminished responsiveness in obesity and diabetes, our 

findings do not support a differential effect. Sarcopenia, 

often comorbid with diabetes, exacerbates metabolic 

dysfunction by impairing glucose clearance, increasing 

inflammation, and promoting adiposity.23 additionally, 

vitamin D deficiency in diabetic individuals is linked to 

worsened insulin resistance, oxidative stress, and 

chronic inflammation,61 while VDR polymorphisms 

may reduce vitamin D efficacy and increase susceptibil

ity to type 2 diabetes.62–64 Nevertheless, our data suggest 

that individuals with metabolic disorders respond simi

larly to healthy individuals in terms of increasing 25 

(OH)D levels.

Previous studies have reported inverse associations 

between 25(OH)D and obesity-related metrics, includ

ing BMI, fat mass, waist circumference, and visceral 

adiposity.65,66 Consistent with this, our meta-analysis 

found attenuated increases in 25(OH)D among partici

pants with higher BMI (WMD: 55.94 nmol/L in normal 

weight, 30.02 nmol/L in overweight, and 14.97 nmol/L 

in obesity). Proposed explanations include 25(OH)D 

sequestration in adipose tissue, increased catabolism, 

reduced 25-hydroxylation, and limited sun expo

sure.67,68 Interestingly, despite lower baseline 25(OH)D 

levels in individuals with obesity, vitamin D supplemen

tation combined with exercise did not yield greater 

reductions in body weight compared to exercise alone. 

One possible explanation is that exercise may partially 

counteract 25(OH)D sequestration by mobilizing it 

from adipose tissue via increased blood flow and lipo

lytic hormone activity (eg, glucagon, adrenaline, atrial 

Figure 9. Dose-response meta-analysis of changes in 25(OH)D, BW, BMI, FM, BFP, FFM, handgrip, leg press, and knee extension strength in 
response to the dose of vitamin D supplementation (IU/week): (A) 25(OH)D, (B) BW, (C) BMI, (D) FM, (E) BFP, (F) FFM, (G) handgrip strength, 
(H) leg press strength, (I) knee extension strength
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natriuretic peptide), thereby enhancing the release of 

stored vitamin D metabolites.22,69

Body Composition

We observed no significant improvements in FFM follow

ing vitamin D supplementation, either alone or combined 

with protein-based supplementation, when compared to 

exercise alone. These findings suggest that vitamin D, even 

when paired with protein intake, may not confer addi

tional anabolic benefits in the context of exercise training. 

Mechanistic explanations for the role of vitamin D role in 

skeletal muscle hypertrophy remain inconclusive, as exist

ing evidence on its effects on muscle proliferation and dif

ferentiation in both human and animal models is 

conflicting.70 For instance, although vitamin D has been 

shown to influence metabolic signaling and phenotype in 

skeletal muscle cell lines,70 no evidence currently supports 

a direct effect on protein synthesis in primary human skel

etal muscle cells. Furthermore, a recent meta-analysis con

cluded that lean mass gains are predominantly driven by 

resistance training, with protein intake playing a secon

dary role.71 Thus, insufficient training stimulus (eg, inad

equate intensity or volume) and suboptimal protein intake 

in the included studies may explain the lack of FFM 

improvements observed.

Interestingly, FFM gains were observed in over

weight participants, but not in those with normal weight 

or obesity. This finding may reflect physiological differ

ences between groups or be influenced by the limited 

number of studies within each subgroup. In particular, 

obesity is known to impair muscle protein synthesis in 

response to exercise and nutrition, possibly due to ele

vated inflammation and metabolic dysfunction, which 

Figure 10. Dose-response meta-analysis of changes in 25(OH)D, BW, BMI, FM, BFP, FFM, handgrip, leg press, and knee extension strength in 
response to the intervention duration (weeks): (A) 25(OH)D, (B) BW, (C) BMI, (D) FM, (E) BFP, (F) FFM, (G) handgrip strength, (H) leg press 
strength, (I) knee extension strength
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could blunt anabolic responses.72 Prior studies have also 

reported no positive effects of vitamin D supplementa

tion on lean mass13 or muscle mass.73

Similarly, when examining body fat outcomes, our 

analysis found no significant effects of vitamin D supple

mentation on FM or BFP. We observed attenuated 25 

(OH)D increases in participants with higher BMI catego

ries (WMD: 55.94 nmol/L in normal weight, 30.02 nmol/L 

in overweight, and 14.97 nmol/L in obesity), which were 

likely due to sequestration of vitamin D in adipose tissue, 

increased catabolism, impaired 25-hydroxylation, or 

reduced sun exposure.67,68 Notably, despite lower baseline 

25(OH)D levels in individuals with obesity, vitamin D sup

plementation combined with exercise did not result in 

greater reductions in BW compared to exercise alone. One 

plausible explanation is that exercise may mobilize stored 

vitamin D from adipose tissue via increased blood flow 

and elevated lipolytic hormones (eg, glucagon, adrenaline, 

and atrial natriuretic peptide), thereby enhancing the 

availability of vitamin D metabolites.22,69 However, reduc

tions in FM were also limited, likely because most 

included interventions utilized resistance training alone, 

which is less effective for reducing body fat than endur

ance training.74,75 Moreover, the absence of calorie restric

tion in most studies may have further limited fat loss, as 

combining exercise with dietary energy restriction has 

been shown to amplify reductions in adiposity.76 These 

factors, along with impaired vitamin D bioavailability and 

blunted lipolytic responses in individuals with obesity, 

potentially due to reduced β-adrenergic receptor expres

sion, disrupted gene regulation, and metabolic dysfunc

tion, which may have collectively limited FM and BFP 

improvements.69,77–79

Muscular Strength

In this study, vitamin D supplementation combined 

with exercise did not significantly improve handgrip 

strength compared to exercise alone. However, sub

group analyses showed benefits in older adults and 

those receiving higher vitamin D doses. These improve

ments may be attributed to longer intervention dura

tions (12-24 weeks) and concurrent protein or essential 

amino acid intake in several included studies.3,12,45,46,50

These findings are consistent with previous research 

suggesting that vitamin D, when combined with resist

ance training and adequate nutrition, may enhance 

muscular strength in older populations.25

Most systematic reviews to date have evaluated 

vitamin D supplementation without exercise and reported 

positive effects on muscle strength in older adults,80 indi

viduals with 25(OH)D levels <30 nmol/L,73 healthy indi

viduals,81 and athletes.82 However, other investigations 

found no benefit, particularly in adults with baseline 

25(OH)D> 25 nmol/L,83 community-dwelling older per

sons,84 postmenopausal women,85 and older adults, espe

cially on handgrip strength,86 and 2 studies in adult 

populations.87,88 Differences in participant characteristics, 

dosage, and intervention duration likely account for these 

inconsistent findings.

Research has indicated that vitamin D regulates the 

expression of over 1000 human genes, accounting for 

5% of the total protein-encoding genome.89 Deficiency 

in 25(OH)D is associated with impaired muscle func

tion, sarcopenia, and reduced strength. Symptoms such 

as muscle weakness, atrophy, and diminished motor 

unit potential have been shown to improve when 25 

(OH)D levels are restored to ≥50 nmol/L.90 The expres

sion of the 25(OH)D receptor (VDR) decreases with 

age,91 potentially reducing the impact of 25(OH)D 

metabolites on muscle function. To promote muscle 

health, it is important to maintain sufficient 25(OH)D 

levels, which may need to be higher than what is typi

cally found in adults.92

While leg press strength did not significantly 

improve with increases in vitamin D and exercise, knee 

extension strength showed a significant increase, sug

gesting a meaningful functional gain. Prior research 

reported that vitamin D may exert stronger effects on 

upper body muscles than lower limbs in postmeno

pausal women.93 Adequate 25(OH)D is essential for 

musculoskeletal and general health, especially in older 

adults, who are more vulnerable to sarcopenia and other 

negative consequences of deficiency.93 In our study, the 

combined intervention led to notable improvements in 

handgrip strength among older adults, potentially due 

to their greater deficiency at baseline and capacity for 

functional improvement, despite age-related declines in 

VDR expression. Further research is needed to establish 

optimal dosing, duration, and administration strategies 

for enhancing muscle strength through vitamin D 

supplementation.73

The present study had several limitations. First, 

there were a limited number of RCTs that were 

designed to illustrate the effects of vitamin D supple

mentation in conjunction with exercise training on 

body composition and muscular strength. The limited 

number of trials and heterogeneity in participant char

acteristics complicate interpretation. Additional RCTs 

assessing different forms and quantities of vitamin D 

are necessary to achieve a more comprehensive and pre

cise understanding of the effects of vitamin D in various 

clinical populations. Future meta-analyses incorporat

ing meta-regression could help explore the effects of 

baseline 25(OH)D levels, intervention duration, and 

exercise modality on the observed outcomes. Another 

limitation of our analyses was the reliance on BMI for 

BW classification. Although BMI offers logistical 
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advantages due to its simplicity and lack of requirement 

for specialized instrumentation (eg, Dual-Energy X-ray 

Absorptiometry [DEXA] or Bioelectrical Impedance 

Analysis [BIA]), the BMI metric is limited by its inabil

ity to enable differentiation between body fat and 

muscle mass.

Future Directions

Future research should aim to determine the optimal 

vitamin D dosing strategies when combined with exer

cise training, including comparisons of dosing fre

quency (eg, daily vs weekly vs monthly) and the 

threshold at which physiological benefits plateau. Trials 

stratifying participants by baseline 25(OH)D status are 

especially warranted, as individuals with deficiency may 

respond differently than those with sufficient levels. 

Moreover, further studies are needed to identify which 

exercise modalities (eg, resistance vs endurance vs mul

timodal) most effectively interact with vitamin D sup

plementation to improve muscle strength and body 

composition. Particular attention should be given to 

high-risk groups such as older adults, individuals with 

sarcopenia, and those with metabolic diseases, who may 

exhibit unique responsiveness due to age-related 

declines in muscle function and vitamin D receptor 

expression. Finally, future meta-analyses would benefit 

from standardized reporting of vitamin D supplementa

tion, 25(OH)D levels, adherence, and training protocols 

to enable more precise dose-response modeling.

Practical Implications

Vitamin D supplementation generally increases 25(OH)D 

levels without significant variability between healthy and 

unhealthy individuals. Additionally, combining vitamin D 

with exercise training may support improvements in hand

grip strength, particularly in older adults. Older adults may 

consider higher supplementation doses if they were diag

nosed with lower 25(OH)D levels. Since vitamin D in com

bination with exercise training failed to induce changes in 

body composition, other nutrition and exercise interven

tions should be prioritized for these outcomes.

CONCLUSIONS

Our meta-analysis demonstrates that vitamin D supple

mentation combined with exercise training effectively 

increases 25(OH)D levels across diverse populations, 

including younger and older adults, various dosing regi

mens, and health statuses. The observed weighted mean 

increase of approximately 34 nmol/L underscores the 

robustness of this effect. However, this combination did 

not produce significantly greater reductions in BW, 

BMI, FM, or BFP compared to exercise alone. Notably, 

FFM improvements were observed only in overweight 

individuals, with no significant changes detected in 

normal-weight or obese groups. Muscle strength out

comes were generally inconclusive, with a significant 

increase in knee extension strength but no overall 

improvements in handgrip or leg press strength; some 

benefits were apparent in older adults and higher 

vitamin D dose subgroups (for handgrip strength).

These findings suggest that while vitamin D supple

mentation elevates 25(OH)D levels, it may provide lim

ited additional benefit to body composition or muscular 

strength beyond exercise alone, except potentially for 

promoting FFM gains in overweight adults. The lack of 

significant changes in adiposity measures highlights the 

need for comprehensive interventions including opti

mized training protocols and nutritional strategies.

It is important to note that substantial heterogeneity 

among studies, variability in supplementation dose and 

duration, differences in baseline vitamin D status, and lim

ited sample sizes in certain subgroups may influence these 

results. Future research should focus on identifying opti

mal dosing strategies, exercise modalities, and target popu

lations to maximize the potential synergistic effects of 

vitamin D and exercise on musculoskeletal health.
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