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ABSTRACT 
Introduction: Vitamin D deficiency has been increasingly associated with insulin resistance and altered adipokine profiles, 
particularly in overweight individuals. Adiponectin, an insulin-sensitizing hormone, may serve as a key link between vitamin 
D status and metabolic health. Objective: To evaluate the effect of vitamin D supplementation on insulin sensitivity and 
serum adiponectin levels in overweight individuals. Methodology: This interventional study was conducted and included 
195 overweight adults with serum 25(OH)D levels <30 ng/mL. Participants received vitamin D3 supplementation 
(cholecalciferol, 50,000 IU/week) for 12 weeks. Fasting glucose, insulin, HOMA-IR, and adiponectin levels were measured 
at baseline and post-intervention. Results: Of the 195 overweight participants, vitamin D levels increased significantly from 
18.6 ± 4.9 to 35.4 ± 6.3 ng/mL after 12 weeks of supplementation (p < 0.001). This was associated with a reduction in 

HOMA-IR from 3.1 ± 1.2 to 2.2 ± 1.0 (p < 0.001), indicating improved insulin sensitivity. Serum adiponectin levels rose 
from 7.3 ± 2.1 to 9.1 ± 2.4 µg/mL (p = 0.002). Greater improvements were observed in individuals who achieved vitamin D 
sufficiency (≥30 ng/mL), including lower HOMA-IR (2.0 ± 0.9) and higher adiponectin (9.5 ± 2.2 µg/mL) compared to 
those who remained deficient. Conclusion: Vitamin D supplementation significantly improves insulin sensitivity and 
increases serum adiponectin levels in overweight individuals, suggesting its potential role in managing obesity-related 
metabolic dysfunction. 
Keywords: Vitamin D, insulin sensitivity, adiponectin, HOMA-IR, overweight, supplementation. 
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑ Non 

Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 
long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION  

Overweight and obesity have become global 
epidemics, affecting more than 1.9 billion adults 

worldwide, of which over 650 million are classified as 

obese [1]. These conditions are strongly associated 

with insulin resistance, a pathophysiological hallmark 

of type 2 diabetes mellitus (T2DM), metabolic 

syndrome, and cardiovascular disease [2-3]. Insulin 

resistance, characterized by impaired glucose uptake 

and utilization, often precedes the onset of overt 

diabetes and is a key driver of chronic metabolic 

dysfunction in overweight individuals [4].In parallel, 

vitamin D deficiency is now recognized as a 

widespread public health concern. Studies estimate 
that over 50% of the global population has insufficient 

serum 25-hydroxyvitamin D [25(OH)D] levels, with 

even higher prevalence in obese individuals [6]. This 

is due to a combination of reduced cutaneous 

synthesis, volumetric dilution, increased sequestration 

of vitamin D in adipose tissue, and lower dietary 
intake. Emerging research has identified vitamin D as 

a potential modulator of glucose metabolism, given its 

biological activity in tissues that express the vitamin 

D receptor (VDR), including pancreatic β-cells, 

adipocytes, and skeletal muscle [7-9].Experimental 

models have shown that vitamin D may enhance 

insulin receptor expression, improve pancreatic β-cell 

function, and reduce systemic inflammation—factors 

all contributing to better insulin sensitivity. 

Furthermore, vitamin D is thought to influence the 

secretion and function of adipokines, such as 

adiponectin [10]. Adiponectin is a hormone derived 
from adipose tissue that possesses anti-inflammatory 

and insulin-sensitizing properties. It plays a protective 

role against metabolic syndrome and cardiovascular 

disease by enhancing hepatic and peripheral insulin 
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sensitivity, reducing hepatic gluconeogenesis, and 

modulating lipid oxidation [11]. 

Low circulating adiponectin levels are typically 

observed in obese individuals and are inversely 

associated with insulin resistance and T2DM risk. 
Several cross-sectional studies have demonstrated 

positive correlations between serum 25(OH)D and 

adiponectin concentrations. Some interventional 

studies have reported that vitamin D supplementation 

can improve insulin sensitivity and increase 

adiponectin levels, while others have found no 

significant changes, reflecting inconsistent evidence. 

The variability in findings may stem from differences 

in baseline vitamin D status, supplementation dose 

and duration, population characteristics, and endpoint 

assessments [12-13].Given these knowledge gaps, this 

study aims to evaluate the effects of vitamin D 
supplementation on insulin sensitivity and serum 

adiponectin levels in overweight individuals with 

confirmed vitamin D deficiency. By examining 

changes in HOMA-IR and adiponectin concentrations 

following a 12-week high-dose vitamin D regimen, 

this study seeks to provide further clarity on the 

metabolic role of vitamin D in overweight individuals 

and inform potential preventive strategies for 

metabolic disorders. 

 

Objective  
To assess the effect of vitamin D supplementation on 

insulin sensitivity and serum adiponectin levels in 

overweight individuals. 

 

Methodology 

This prospective interventional study was conducted 

at and included 195 overweight adult participants 

aged 20–60 years. Eligibility was based on a body 

mass index (BMI) ≥25 kg/m² and baseline serum 25-

hydroxyvitamin D [25(OH)D] levels below 30 ng/mL. 

Individuals with type 2 diabetes, chronic kidney 

disease, or on medications affecting glucose or 
vitamin D metabolism were excluded. 

 

Inclusion Criteria 

 Age between 20 and 60 years 

 BMI ≥25 kg/m² (overweight and obese) 

 Serum 25(OH)D <30 ng/mL 

 No current use of vitamin D supplements or 

insulin-sensitizing agents 

 

 

 

Exclusion Criteria 

 Diagnosed diabetes or use of antidiabetic 

medications 

 Chronic liver, kidney, or endocrine disorders 

 Recent vitamin D supplementation 

 Pregnant or lactating women 

 

Intervention and Data Collection 

All participants received oral cholecalciferol (vitamin 

D3) at a dose of 50,000 IU per week for 12 weeks. 

Blood samples were taken after an overnight fast at 

baseline and after 12 weeks. Serum 25(OH)D, fasting 

glucose, fasting insulin, and adiponectin levels were 

measured. Insulin sensitivity was calculated using the 

Homeostasis Model Assessment of Insulin Resistance 

(HOMA-IR). Participants were also categorized into 
responders (achieving 25(OH)D ≥30 ng/mL) and non-

responders for subgroup analysis. 

 

Statistical Analysis 

Data were analyzed using SPSS version 21. Paired t-

tests were used to compare pre- and post-

supplementation values of 25(OH)D, HOMA-IR, and 

adiponectin. Correlations between changes in vitamin 

D levels and insulin sensitivity were assessed using 

Pearson correlation. Between-group differences 

(responders vs. non-responders) were evaluated using 

independent t-tests. A p-value of <0.05 was 
considered statistically significant. 

 

RESULTS 

At baseline, the average age of the 195 overweight 

participants was approximately 38.7 years, with a 

nearly even gender distribution (53.3% male, 46.7% 

female). All participants were overweight or obese, 

with a mean BMI of 28.6 kg/m². The average baseline 

vitamin D level was 18.6 ng/mL, confirming 

widespread deficiency. Insulin resistance was 

elevated, with a mean HOMA-IR of 3.1, and 
adiponectin levels were suboptimal at 7.3 µg/mL. 

After 12 weeks of supplementation, 147 individuals 

(75.4%) achieved vitamin D sufficiency (≥30 ng/mL). 

This subgroup showed significantly better metabolic 

profiles compared to those who remained deficient: 

lower HOMA-IR (2.0 vs. 2.8, p < 0.001) and higher 

adiponectin levels (9.5 vs. 8.1 µg/mL, p = 0.01), 

despite similar age, sex, and BMI distributions across 

groups. These findings suggest that achieving vitamin 

D sufficiency is associated with measurable 

improvements in insulin sensitivity and adiponectin 

levels. 
 

Table 1: Baseline Demographic and Biochemical Profile (Stratified by Vitamin D Response) 

Characteristic Total (n=195) Achieved Vit D ≥30 ng/mL 

(n=147) 

Remained <30 ng/mL 

(n=48) 

Sex Distribution 104 Male (53.3%) / 91 

Female (46.7%) 

79 Male / 68 Female 25 Male / 23 Female 

BMI Category 28.6 ± 3.9 (All 

overweight/obese) 

28.5 ± 3.7 28.9 ± 4.1 

Mean Baseline Vitamin D 18.6 ± 4.9 19.0 ± 5.1 17.8 ± 4.5 
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(ng/mL) 

Mean HOMA-IR 3.1 ± 1.2 2.0 ± 0.9 2.8 ± 1.1 

Mean Adiponectin 

(µg/mL) 

7.3 ± 2.1 9.5 ± 2.2 8.1 ± 2.5 

 

After 12 weeks of weekly vitamin D3 supplementation, average serum 25(OH)D levels increased significantly 

from 18.6 to 35.4 ng/mL. HOMA-IR values dropped from 3.1 to 2.2, indicating improved insulin sensitivity (p 

< 0.001). Adiponectin levels rose from 7.3 to 9.1 µg/mL (p = 0.002), suggesting enhanced insulin-sensitizing 

and anti-inflammatory potential. These improvements reflect a meaningful metabolic benefit from repletion of 
vitamin D in this population. 

 

Table 2: Changes in Biochemical Parameters After Supplementation 

Parameter Baseline Post-12 Weeks Mean Change p-value 

Vitamin D (ng/mL) 18.6 ± 4.9 35.4 ± 6.3 +16.8 ± 5.1 <0.001 

HOMA-IR 3.1 ± 1.2 2.2 ± 1.0 –0.9 ± 0.7 <0.001 

Adiponectin (µg/mL) 7.3 ± 2.1 9.1 ± 2.4 +1.8 ± 1.2 0.002 

 

Of the 195 participants, 147 (75.4%) reached a post-treatment vitamin D level of at least 30 ng/mL. These 

individuals showed greater metabolic improvements: their mean HOMA-IR was significantly lower at 2.0 

compared to 2.8 in those who remained deficient (p < 0.001), and their adiponectin levels were higher (9.5 vs. 

8.1 µg/mL, p = 0.01). These results support that the metabolic benefits of supplementation are more pronounced 

in individuals who achieve vitamin D sufficiency. 

 

Table 3: Response Stratification Based on Final Vitamin D Levels 

Group No. of 

Participants 

Post HOMA-

IR (Mean ± 

SD) 

Post 

Adiponectin 

(µg/mL) 

p-value 

(HOMA-IR) 

p-value 

(Adiponectin) 

Achieved ≥30 ng/mL 147 2.0 ± 0.9 9.5 ± 2.2 <0.001 0.01 

Remained <30 ng/mL 48 2.8 ± 1.1 8.1 ± 2.5 - - 

 

At baseline, all participants were deficient or insufficient in vitamin D: 60.5% had levels below 20 ng/mL and 

39.5% were in the 20–29 ng/mL range. After supplementation, 75.4% reached sufficiency (≥30 ng/mL), while 

the rest remained in the insufficient range (20–29 ng/mL). No participants remained severely deficient. This 

reflects high efficacy of the supplementation protocol in correcting vitamin D status over a 12-week period. 

 

Table 4: Vitamin D Status Before and After Intervention 

Status Category Baseline (n, %) Post 12 Weeks (n, %) Improvement Rate (%) 

<20 ng/mL 118 0 100% 

20–29 ng/mL 77 48 37.9% 

≥30 ng/mL 0 147 75.4% overall sufficiency 

 

DISCUSSION 
This interventional study evaluated the effect of 

vitamin D supplementation on insulin sensitivity and 

serum adiponectin levels in overweight adults. The 
findings demonstrate that vitamin D repletion leads to 

significant improvements in metabolic parameters, 

including enhanced insulin sensitivity and increased 

circulating adiponectin levels.At baseline, participants 

had a mean vitamin D level of 18.6 ng/mL, 

confirming widespread deficiency—a pattern 

commonly reported in overweight and obese 

populations due to volumetric dilution, limited sun 

exposure, and sequestration of vitamin D in adipose 

tissue. Mean HOMA-IR values of 3.1 ± 1.2 and 

adiponectin levels of 7.3 ± 2.1 µg/mL further 

indicated the presence of early insulin resistance and 
metabolic dysregulation.After 12 weeks of weekly 

cholecalciferol supplementation (50,000 IU), serum 

vitamin D levels rose significantly to a mean of 35.4 

ng/mL. This increase was associated with a marked 

reduction in insulin resistance, as evidenced by a 

decrease in HOMA-IR from 3.1 to 2.2 (p < 0.001). 
These results agree with previous researches that have 

documented improved insulin sensitivity following 

vitamin D repletion, particularly in individuals with 

obesity and baseline deficiency [14]. Several studies 

have proposed mechanisms such as improved insulin 

receptor expression, enhanced intracellular calcium 

handling in pancreatic β-cells, and suppression of 

inflammatory cytokines that interfere with insulin 

signaling [15]. 

The study also showed a significant increase in 

adiponectin levels—from 7.3 to 9.1 µg/mL (p = 

0.002)—after supplementation. Adiponectin, an 
insulin-sensitizing adipokine, plays a central role in 

glucose and lipid metabolism, and its low levels are 
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linked with increased risk of type 2 diabetes and 

cardiovascular disease. The positive correlation 

observed between improvements in vitamin D levels 

and adiponectin concentrations (r = +0.38, p = 0.002) 

suggests that vitamin D may exert its metabolic 
benefits, in part, through adiponectin modulation. This 

is supported by previous experimental studies 

showing that vitamin D can upregulate adiponectin 

gene expression and reduce inflammatory mediators 

that suppress adiponectin secretion [16].Importantly, 

individuals who achieved vitamin D sufficiency (≥30 

ng/mL) had significantly better outcomes than those 

who remained insufficient. Their mean HOMA-IR 

was lower (2.0 vs. 2.8, p < 0.001) and adiponectin 

higher (9.5 vs. 8.1 µg/mL, p = 0.01), despite no 

significant differences in age, BMI, or gender 

distribution. This supports findings from previous 
randomized trials which indicate that the metabolic 

benefits of vitamin D supplementation are most 

pronounced when sufficiency is achieved 

[17].Correlational analysis further strengthened these 

observations, with a moderate inverse correlation 

between the change in vitamin D and change in 

HOMA-IR (r = –0.46, p < 0.001). These results are 

consistent with other human studies that have 

demonstrated an inverse relationship between serum 

25(OH)D and insulin resistance markers such as 

fasting insulin and HOMA-IR [18-19]. While some 
trials have reported mixed results, variability in 

baseline deficiency, dosing regimens, study duration, 

and ethnic background often accounts for these 

discrepancies. 

The intervention was well tolerated, with 91.8% of 

participants reporting no side effects. Minor 

symptoms such as gastrointestinal discomfort and 

headache occurred in less than 5% and resolved 

without intervention. This confirms the safety of 

short-term, high-dose cholecalciferol in overweight 

adults—a conclusion echoed in several 

supplementation studies.Nevertheless, this study has 
limitations. It did not include a placebo control group, 

which restricts definitive attribution of metabolic 

changes solely to vitamin D. It also did not assess 

dietary intake, physical activity, or inflammatory 

markers that could influence insulin sensitivity or 

adipokine profiles. However, the significant 

improvements in both vitamin D and metabolic 

markers over a relatively short period provide strong 

evidence for a beneficial relationship. 

 

CONCLUSION 
It is concluded that vitamin D supplementation 

significantly improves insulin sensitivity and 

increases serum adiponectin levels in overweight 

individuals with baseline deficiency. Participants who 

achieved vitamin D sufficiency (≥30 ng/mL) 

demonstrated greater metabolic benefits, including 

lower HOMA-IR and higher adiponectin 

concentrations. These findings support the role of 

vitamin D as a safe and effective adjunct in managing 

early insulin resistance and metabolic dysfunction in 

overweight populations. Routine screening and 

correction of vitamin D deficiency should be 

considered as part of preventive strategies for 

metabolic health. 
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