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ABSTRACT 

Background: Vitamin D may potentially have a significant influence in managing obesity-related risk 
factors. The current evidence suggests that observational studies have found a negative correlation 
between leptin levels and serum vitamin D, but heterogeneous intervention studies have not shown a 
significant effect.  
Objectives: This study aims to examine the effect of the combination of moderate-intensity continuous 
training (MICT) and vitamin D3 on leptin and anthropometry.  
Methods: A true experimental, randomized pre and post-test control group design were performed on 36 
subject (18 male and female each) for 12 weeks. A treatment group received MICT and vitamin D3, control 
group only received MICT and placebo. Both groups received moderate-intensity exercise (64-75% HR 
Max) with a frequency of 3x/week and a time of 60 minutes, carried out. In the treatment group, 5000 IU 
vitamin D3 was administered daily for 12 weeks, while the control group only received a placebo.  In this 
study, hypothesis testing was conducted to compare the means of two independent groups using an 
independent t-test or Mann-Whitney test. For comparisons between two related groups, a paired t-test or 
the Wilcoxon Signed Rank Test was used. 
Results: After conducting a test to compare two sample means from unrelated groups, statistically 
significant differences were observed between the treatment and control groups in this study. For the 
variables of BMI (p=0.025), waist circumference (p=0.042), body weight (p=0.008), leptin (p=0.015) and 
vitamin D3 (p<0.001).  
Conclusion: Combination of vitamin D3 supplementation and MICT significantly lowered leptin and 
anthropometry in obese individuals.  
 
 

INTRODUCTION 
The number of obesity is increasing all the time.1 Regional variations in the prevalence of 

overweight were observed, with the African and South-East Asian WHO areas having 31% and 
the Americas region having 67%.2 According to Riskesdas 2018, the obesity prevalence in 
Indonesia was 21.8%, up from 14.8% in 2013 and 10.5% in 2007. By 2023, it increased to 23.4%. 
In Bali, obesity rise from 23.3% to 23.9% in 2023, showing a significant rise in obesity over time.3 

Obesity is frequently linked to insufficient levels of vitamin D3 in the serum in both children 
and adults across many races and geographic regions.4 Vitamin D (D3 or cholecalciferol) is first 
converted in the liver to 25(OH)D. It is then converted in the kidneys to 1,25(OH)₂D₃, also known 
as calcitriol, the active form of vitamin D. There’s a correlation between serum concentrations of 
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hydroxyvitamin D or calcidiol/ 25(OH)D and insulin resistance and metabolic syndrome.5,6 In a 
study conducted on the American population, it was shown that vitamin D deficiency's occurrence 
was 3.09 times more in obese individuals compared to a control group. Similarly, in those who 
were physically inactive, the occurrence of vitamin D deficiency was 2 times higher than in the 
control group.7 In a population in Bali of 50 obese and normal subjects, it was found that 56% had 
vitamin D deficiency, 30% had insufficiency, and only 14% vitamin D sufficiency.8 In addition to 
low serum vitamin D levels, obesity also has an increase in leptin (called hyperleptinemia) caused 
by leptin resistance. This increase in leptin causes insulin resistance, dyslipidemia and 
atherosclerosis.9,10 Study on obese female subjects in Bali, Indonesia found that, in obese patients 
there was an increase in leptin, and could increase the risk of metabolic syndrome 256 times 
compared to those who had normal leptin levels.5 

Obesity treatment can be in the form of pharmacotherapy, behavior modification, diet, 
exercise and surgery.11,12 Exercise is one of the therapeutics for obesity management by lowering 
adipose tissue and improving cardiorespiratory function.13–15 One of the exercises that is safe for 
obesity is moderate intensity continuous training (MICT). MICT is usually recommended in obese 
patients who are going to lose weight.16 When compared to high intensity interval training (HIIT), 
MICT is a safer exercise to be done in the elderly, heart diseases, obesity, and metabolic 
syndrome.17  

Research suggest that vitamin D can also be utilized as an intervention therapy for obesity 
control. This is because vitamin D has the potential to decrease the risk factors associated with 
obesity, including cardiometabolic risk. Individuals with low serum 25(OH)D are more likely 
experience weight gain, an rise in body mass index (BMI), and waist circumference (WC).1 A rise 
of 25 nmol/L in serum vitamin D levels is linked to a 10% decrease in the likelihood of developing 
abdominal obesity, including conditions like diabetes and cardiovascular disease.18 A study 
conducted by Buscemi et al. revealed that obese individuals generally have decreased levels of 
vitamin D in their bloodstream, which subsequently increase following weight loss.19 The efficacy 
of vitamin D administration in reducing BMI and waist circumference was demonstrated in a 
meta-analysis, while it did not yield statistically significant results for weight loss.20 The efficacy 
of vitamin D on anthropometry is also not  consistent. The combination of endurance training and 
vitamin D 2000 IU/day did not significantly reduce waist circumference (WC).21 Meanwhile 

different systematic reviews and meta-analysis show that vitamin D supplementation has no 
significant effect on BMI and WC. However, after conducting a subgroup analysis, there was a 
decrease in BMI and WC in obese Asian female subjects after treatment for ≥ 6 months. 22 

Vitamin D can suppress the release of leptin in adipose tissue.23 In animal subjects, calcitriol 
(1,25(OH)2D3) enhanced leptin production in adipose tissue (in vivo and ex vivo).24 
Nevertheless, in systematic reviews and meta-analyses, no significant correlation observed 
between vitamin D and leptin.9 Levels of leptin were decreased in rats that were given 2400 IU of 
vitamin D.25 Similarly, administering daily dose 2000 IU vitamin D had no impact on leptin 
levels.26  

Several research demonstrate inconclusive findings regarding the effects of vitamin D on 
leptin levels and anthropometry. However, a study found that when resistance exercise and 
vitamin D (1000 IU/day) were combined (8 weeks), reduction in leptin levels in obese women 
were observed.13 In contrast, In contrast, Lithgow presented contradictory findings (4000 IU/day 
Vitamin D, 8 weeks, high intensity training).27  

MICT is widely recognized for its benefits in obesity management, yet the potential 
synergistic effect of combining this with vitamin D supplementation has not been fully explored. 
The purpose of this study was to determine whether the effects of MICT in conjunction with 
vitamin D supplementation through leptin levels, body weight, body mass index, and waist 
circumference. This research is expected to providing further insights into the potential 
therapeutic strategies for obesity management. 
 
 
 



JKKI 2025;16(2): 170-179                                                                Suputra, et al. Vitamin D supplementation and moderate… 

172 

 

METHODS 
Participants 

The subject of this study is obese people in Buleleng, Bali, Indonesia. In this research, the 
sample size calculation for the difference between two independent group means is based on 
Poccock's formula. According to research by Nikniaz et al. (σ=1.37, µ=6.31, µ2=4.98) 31 and also 
Najafi and Fatolahi (σ=4.5, µ1=18.8, µ2=11,2)13 , the sample size per group is 16.63. Considering 
a 10% drop out, the sample size is adjusted to 18 participants per group. A multi-stage random 
sampling and a single-blind design were used in this study.  

Inclusion criteria: (1) Obese patients with waist circumference (WC) (≥ 90 cm in male and 
≥ 80 in female) or BMI≥25 kg/m2, (2) Subjects aged 20-45 years, (3) For female who are not 
pregnant, (4) do not have ascites, (5) not allergic with vitamin D,  (6) not suffering from diabetes, 
heart disease, hypertension, kidney, autoimmune and lung diseases, (7) not doing routine aerobic 
exercise in the last 6 months, (8) not doing a weight loss program, (9) serum vitamin D levels≤30 
ng/ml. Exclusion criteria: (1) smoker, (2) routinely consume vitamin D in the last 6 months, (3) 
take drugs for obesity, (4) menopause. Drop out criteria: (1) Not participating in a complete 
exercise intervention (not attending>3 times), (2) The sample was injured or sick while 
undergoing exercise. (3) The sample resigned as the subject of the study. At the beginning of the 
study, 40 sample subjects were obtained, but 4 subjects were dropped out for not regularly 
participating in the intervention and resigned as research subjects. At the end, the number of 
subjects of this study are 36 people, consisting of 18 male and 18 female. 

 
Procedure 

The study was conducted for 12 weeks and consisted of two groups: the treatment group 
(MICT+vitamin D 5000 IU), and the control group (MICT+placebo). It is recommended to take it 
after breakfast and follow up through the whats app or phone to ensure sample compliance in 
consuming vitamin D. MICT is carried out at 64-75% HR Max, frequency 3x/week with a time of 
60 minutes for 12 weeks. It consists of 3 phases, the first is a warm-up (light intensity) with a 
time of 5-10 minutes (50-60% HR max), the second is the active phase (40 minutes, 64-75 HR 
Max), and the third is cooling down (50-60% HR Max) until a resting heart rate is reached. The 
exercise was carried out using the Ergocycle Technogym Excite 700 Upright Exercise Bike, 
Treadmill Technogym Run 700 Visioweb, Total TL 22 AC Treadmill.  
 
Measure 

In this study, serum levels of 25(OH)D and leptin were measured using ELISA (ng/mL) with 
the ichroma™ Vitamin D Neo kit and the DBC Human Leptin ELISA kit, respectively. Waist 
circumference was measured using the Onemed OD 235 measuring tape. Body weight and body 
fat composition were assessed using the Omron HBF-375 digital scale and body fat analyzer, 
while height was measured with the GEA HT721 stadiometer. 
 
Analysis:  

Descriptive statistics were used to summarize subject characteristics and study variables, 
expressed as means ± standard deviations or relative frequencies (for categorical data). 
Hypothesis testing for independent groups was conducted using the independent t-test 
(parametric) or Mann-Whitney U test (non-parametric). For paired data, the paired t-test or 
Wilcoxon Signed Rank Test was applied, depending on the data distribution. A p-value<0.05 was 
considered statistically significant. Effect sizes were calculated using Cohen’s d, with 
interpretation as follows: d = 0.2: small effect, d = 0.5: moderate effect, d = 0.8: large effect 
 
Ethical statement 

This study was approved by the Health Research Ethics Committee of STIKES Bina Usada 
Bali (Approval No: 075/EA/KEPK-BUB-2023). 
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RESULTS 
Baseline characteristics showed no significant differences between the treatment and 

control groups in terms of age, body weight, leptin levels, and waist circumference (p>0.05). 
However, significant differences were observed in serum 25(OH)D levels and sex distribution 
(p<0.05, Table 1). Within-group analysis revealed that the treatment group experienced a 
significant reduction in body weight, waist circumference, and BMI (p<0.05). In contrast, the 
control group showed a significant reduction only in BMI (p<0.05), with no significant changes in 
waist circumference or body weight (p>0.05). Leptin levels significantly decreased in the 
treatment group (p<0.05), while the control group exhibited a non-significant increase (p>0.05). 

Quantitatively, the treatment group showed reductions in weight (-2.76±2.78 kg), waist 
circumference (-5.58±5.76 cm), and BMI (-1.05±1.1 kg/m²). In comparison, the control group had 
smaller changes in weight (-0.63±2.33 kg), waist circumference (-2.61±5.27 cm), and BMI (-
0.47±0.75 kg/m²). Leptin decreased by -3.59±4.62 ng/mL in the treatment group, while the 
control group saw an increase of 0.36±4.63 ng/mL. Vitamin D levels increased by 14.57±8.98 
ng/mL in the treatment group and 2.31±8.18 ng/mL in the control group, with significant 
differences only found in the treatment group (p<0.05). Between-group comparisons showed 
statistically significant differences in body weight (p=0.008), waist circumference (p=0.042), BMI 
(p=0.025), leptin (p=0.015), and vitamin D levels (p<0.0001). Effect size analysis using Cohen's d 
revealed a moderate effect for waist circumference (d=0.70) and BMI (d=0.61), and a strong effect 
for body weight (d=0.83), vitamin D (d=0.93), and leptin (d=0.85, Table 2). 
 
Table 1. Subject Characteristics 

Characteristic Treatment  
(Mean±SD) 

Control  
(Mean±SD) 

p-value 

Age (Years) 39.94±8.24 33.50±8.36 0.605 
Body Weight (kg) 88.31±17.01 91.59±23.84 0.638 
Waist circumference (cm) 104.38±9.69 106.83±11.52 0.496 
25(OH)D (ng/ml) 16.11±3.68 20.21±5.38 0.012*a 
BMI (kg/m2) 32.66±4.90 34.37±8.91 0.481 
Leptin (ng/ml) 17.73±2.79 16.61±4.93 0.408 
Gender    

- Male (%) 6 (33%) 12 (67%) 0.046*b 

- Female (%) 12 (67%) 6 (33%)  
*p<0.05, aIndependent t-test, n=18, bChi square,  
 

DISCUSSION 
The effect of vitamin D on leptin involves the inhibition of tumor necrosis factor-alpha 

(TNF-α) and its effects on adipocytes.28 Calcitriol reduced nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) phosphorylation by 36% when combined with exercise.29 
This effect is likely attributable to enhanced lipolysis mediated by increased expression of the 
vitamin D receptor (VDR).30 

In this study, leptin levels were found exceed normal. This is consistent with a study 
conducted by Al-sultan & Al-e Elq, which concluded that serum leptin was significantly larger in 
obese subjects compared to normal subjects.32 In accordance with a study conducted by Sundari 
et al. using obese subjects, the average leptin level in the subject was 26.9 ng/ml.5 Study on 94 
subjects consisting of 55 obese subjects and 39 non-obese subjects, concluded that the increase 
in leptin in obesity was in line with an increase in BMI.33 This aligns with research conducted by 
Kumar et al., on 92 subjects with a BMI>25 kg/m2, concluding that more than 50% of obese 
subjects and 13.1% of non-obese subjects had leptin levels of more than 21.8 ng/ml. In this study 
it was also found that increased leptin levels were associated with insulin resistance.34  
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 Table 2. The results of the test for 2 samples related and unrelated groups for each variable 
Variable Treatment  

(Mean±SD) 

Control  

(Mean±SD) 

p-value Effect Size 

Body Weight (kg)     

- Pretest 88.31±17.01 91.59±23.84   

- Postest 85.55±17.89 90.95±23.78 

- Δ -2.76±2.78 -0.63±2.33   

p-value 0.003E* 0.296E   

sWaist circumference (cm)    

- Pretest 104.38±9.69 106.83±11.52   

- Posttest 98.8±11.44 104.61±13.15 

- Δ -5.58±5.76 -2.21±3.52   

p-value 0.001C* 0.262C   

BMI (kg/m2)     

- Pretest 32.66±4.90 34.37±8.91   

- Posttest 31.61±5.17 33.89±8.88 

- Δ -1.05±1.1 -0.47±0.75   

p-value 0.004E* 0.020E*   

Vit D (ng/ml)     

- Pretest 16.11±3.68 20.21±5.38   

- Posttest 30.68±9.35 22.52±6.95 

- Δ 14.57±8.98 2.31±8.18   

p-value 0.000C* 0.247C   

Leptin (ng/ml)     

- Pretest 17.73±2.79 16.61±4.93   

- Posttest 14.14±3.84 16.98±4.30 

- Δ -3.59±4.62 0.36±4.63   

p value 0.004C* 0.740C   
BIndependent t-test, CPaired t-test, DMann-whitney u test,  EWilcoxon sign rank test 

 
In obese patients, leptin resistance is characterized by an abnormal increase in serum leptin 

with a decrease in leptin function to decrease appetite, increased energy expenditure and 
decreased blood glucose.35 Leptin stimulates lipolysis and inhibits lipogenesis. However, obesity 
causes leptin resistance, resulting in an increase in leptin in the blood.36 An increase in leptin 
increases the oxidation of fatty acids and lowers blood sugar, but in obese subjects, leptin 
resistance occurs which causes an increase in appetite and weight.37 This increase in leptin causes 
insulin resistance, dyslipidemia and arterosclerosis.9,10 Leptin resistance occurs as a result of 
consuming an excessive amount of energy and having a sedentary lifestyle, leading to elevated 
levels of leptin in the bloodstream.38 Reduced expression of the leptin receptor, disruption of LEP-
R signaling, or the inability of leptin to reach target cells are the causes of leptin resistance. Leptin 
expression is modulated by eating habits and the circadian rhythm, which may be relevant. Leptin 
resistance can result from reduced leptin transport across the blood brain barrier (BBB), as 
evidenced by studies.39  Leptin resistance is primarily attributed to genetic abnormalities, 
specifically in the OB and DBU genes. These mutations lead to an abnormal increase in appetite, 
known as hyperphagia, which is a rather uncommon occurrence.40 

In this study, significant decreases and differences were found from anthropometric 
variables such as body weight, BMI and waist circumference. Significant differences were found 
in anthropometric variables compared to control after MICT intervention and vitamin D 
supplementation. In accordance with a study conducted by Alamdari et al. which examined the 
effects of aerobic exercise with a frequency of 3 times/week, duration of 30 minutes with an 
intensity of 60%-70% heart rate reserve (HRR) effective in weight loss, but not significantly 
reduce BMI.41 The administration of vitamin D 50.000 IU/week for 6 weeks resulted in a 

0.008D 0.83 

0.042B* 0.70 

0.025D* 0.61 

0.000B* 0.93 

0.015B* 0.85 
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significant decrease in weight, BMI and waist circumference.42 Another retrospective study in 
obese men aged 18-50 years who underwent a weight loss program, also found that vitamin D 
supplementation of 2000 IU/day and 4000 IU/day significantly reduced weight, BMI and waist 
circumference compared to no vitamin D administration.43  

Different results were found in study on children aged 6-14 years, vitamin D 
supplementation 1200 IU for 26 weeks, could not reduce BMI. In this study, the increase in 
vitamin D levels after intervention was only up to 24.99 ng/ml.44 However, other studies that 
combined resistance training and vitamin D 1000 IU did not find a significant decrease in weight 
and BMI.13 This is likely because resistance training increases muscle mass. High intensity 
interval training and vitamin D 4000 IU for 6 weeks did not significantly reduce weight, BMI, waist 
circumference and leptin, only increased aerobic capacity.27 It is likely due to the intervention 
being given in just 6 weeks, so it is not enough to improve the vitamin D status which can affect 
leptin and anthropometry. The decrease in leptin only occurs when the vitamin D status >30 
ng/ml.45 Circuit training combined with vitamin D supplementation 1200 IU per day for 12 weeks 
in type 2 diabetes patients, significantly reduces BMI and body weight.46 

According to the findings of this research, the treatment group had a considerable 
reduction in leptin levels when compared to the control group. In obesity, dysfunction of adipose 
tissue occurs which causes an increase in leptin.47 In vitro studies in humans stated that 
1,25(OH)2D and 25(OH)D3 inhibit the secretion of leptin in adipose tissue in both subcutaneous 
and omentum.29 In line with a study which examined the combination of resistance training and 
vitamin D supplementation of 1000 IU for 8 weeks, leptin levels decreased significantly in obese 
female subjects.13 A prospective ttudy on subjects with nonalcoholic steatohepatitis in Egypt, who 
were given vitamin D 4000 IU for 12 weeks, significantly reduced serum leptin.46 Also in line with 
study on diabetic subjects who were given 50.000 IU of vitamin D every week for 8 weeks, 
significantly reducing leptin by 13.29% (pre 22.42 ng/ml and post 19.44 ng/ml).48 Studies in mice 
also concluded that administration of vitamin D reduced leptin by reducing visceral adipose 
tissue.25,49 

Vitamin D supplementation decreases visceral adipose resulting in a decrease in leptin.25,49 
Leptin has the ability to activate c-Jun N-terminal kinase (JNK) and NF-kB which play an 
important role in regulating the transcription of pro-inflammatory cytokines such as TNF-α and 
IL-1β.50,51 1.25(OH)2D3 in adipose tissue decreases NF-kB phosphorylation by 36% and 
Extracellular signal-Regulated Kinase (ERK) 1/2 by 35%.29 In this study, the observed decrease 
in leptin levels following the combination of moderate-intensity continuous training (MICT) and 
vitamin D supplementation may be attributed to the ability of vitamin D to inhibit leptin secretion 
by reducing NF-κB phosphorylation. Additionally, the reduction in leptin is likely related to 
decreased visceral adipose tissue, as reflected by significant reductions in waist circumference 
and body weight.¹³,⁴⁹ Furthermore, the combined intervention may enhance vitamin D receptor 
(VDR) regulation in adipose tissue by promoting lipolysis.³⁰ Improving leptin sensitivity through 
multimodal strategies such as diet, exercise, and supplementation tends to be more effective in 
promoting weight loss than single interventions.³⁸ This effect may be more pronounced when 
accompanied by reductions in free fat mass. 

One limitation of this study is the absence of direct body fat measurement. In fact, changes 
in visceral adipose tissue are best reflected by changes in body fat percentage. An increase in body 
fat percentage has been associated with lower vitamin D levels and higher leptin levels.¹⁰ Another 
limitation is the study design, which only included two groups: a treatment group receiving both 
MICT and vitamin D, and a control group receiving MICT and a placebo. Future studies should 
consider including four distinct groups—MICT plus vitamin D, MICT only, vitamin D only, and a 
true control group—to better assess the independent and combined effects of these 
interventions. While this research contributes to the understanding of obesity management, it 
also holds potential for further exploration in the context of other chronic diseases such as 
diabetes, cardiovascular disease, and hypertension, which could be addressed in future 
investigations. 
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CONCLUSION 
This study demonstrated that a combination of moderate-intensity continuous training 

(MICT), performed for 180 minutes per week, and daily vitamin D supplementation of 5000 IU 
over a 12-week period significantly reduced leptin levels and improved anthropometric 
parameters in obese subjects. These findings suggest that MICT, when combined with high-dose 
vitamin D supplementation, plays a contributory role in reducing leptin concentrations and 
improving body composition in individuals with obesity. 

The proposed mechanisms include inhibition of the NF-κB pathway, suppression of leptin 
secretion, and reduction of visceral adipose tissue. This study suggests that combining moderate-
intensity continuous training (MICT) with vitamin D supplementation may enhance leptin 
sensitivity and potentially yield greater weight loss effects compared to single interventions. 
Further research is warranted to explore the combined effects of other exercise modalities and 
vitamin D on pro-inflammatory cytokines, adiponectin levels, body fat, and additional obesity-
related biomarkers. Studies with larger sample sizes are also necessary to determine the broader 
applicability of MICT and vitamin D combination therapy in the general population. 

 
CONFLICT OF INTEREST 

No conflict of interest. 
 
ACKNOWLEDGEMENT 

The author expresses gratitude to the Faculty of Medicine, Universitas Pendidikan Ganesha. 
 
DATA AVAILABILITY 
 The authors confirm that the data supporting the findings of this study are available within 
the article. 
 
SUPPLEMENTAL DATA 
 All relevant data has been presented in this manuscript, and there is no additional data 
provided separately. 
 
AUTHOR CONTRIBUTION 

PAS: ideas, design, literature search, data acquisition, data analysis, statistical analysis, 
manuscript preparation; NLKAA: ideas, design, literature search, manuscript preparation; IMKW: 
literature search, data acquisition, data analysis, manuscript preparation; NMSDL: literature 
search, data acquisition, data analysis, manuscript preparation; IMYP: ideas, design, manuscript 
review, manuscript editing. 
 
DECLARATION OF USING AI IN THE WRITING PROCESS 
 The authors declare the use of AI to assist in citation searching. 
 
LIST OF ABBREVIATIONS 

MICT: moderate-intensity continuous training; HR-max: heart rate maximum; BMI: body mass index; 
WHO: world health organization; NHANES: National Health and Nutrition National Survey; Riskesdas: Riset 
Kesehatan Dasar; HIIT: high-intensity interval training; WC: waist circumference; BW: body weight; LEP-
R: leptin receptor; BBB: blood brain barrier; HRR: heart rate reserve; JNK: Jun N-terminal kinase; NF-kB: 
nuclear factor kappa B; TNF-α: tumor necrosis factor alpha; IL-1β: interleukin 1 beta; ERK1/2: Extracellular 
signal-regulated protein kinase ; VDR: vitamin D receptor. 

 

REFERENCES 
1. Cembranel F, d’Orsi E, Wagner KJP, Giehl MWC, Moreno YMF, González-Chica DA. Obesity and 

25(OH)D serum concentration are more important than vitamin D intake for changes in 
nutritional status indicators: A population-based longitudinal study in a state capital city in 
Southern Brazil. Nutrients. 2019;11(10): 2366. DOI: 10.3390/nu11102366 



JKKI 2025;16(2): 170-179                                                                Suputra, et al. Vitamin D supplementation and moderate… 

177 

 

2. WHO. Obesity and overweight. 2024. Available at: https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight 

3. Munira LS, Puspasari D, Trihono, Thaha RA, Junadi P, Kusnanto H, et al. Survey kesehatan 
indonesia dalam angka. Jakarta; 2023.  

4. Walsh JS, Bowles S, Evans AL. Vitamin D in obesity. Curr Opin Endocrinol Diabetes Obes. 
2017;24(6):389–94. DOI: 10.1097/MED.0000000000000371 

5. Sundari LPR, Purnawati S, Tunas IK, Weta IW. Low 25 Hydroxyvitamin D and high leptin level 
as risk factors of metabolic syndrome in obese women. Current Research in Nutrition and 
Food Science. 2022;10(3):1161–8. DOI: 10.12944/CRNFSJ.10.3.29 

6. Mansouri M, Miri A, Varmaghani M, Abbasi R, Taha P, Ramezani S, et al. Vitamin D deficiency 
in relation to general and abdominal obesity among high educated adults. Eat Weight Disord. 
2019;24(1):83–90. DOI: 10.1007/s40519-018-0511-4 

7. Liu X, Baylin A, Levy PD. Vitamin D deficiency and insufficiency among US adults: Prevalence, 
predictors and clinical implications. Br J Nutr. 2018;119(8):928–36.   DOI: 
10.1017/S0007114518000491 

8. Suputra PA, Jawi IM, Purnawati S, Muliarta IM. Vitamin D status of the adult population in Bali 
and its relationship to anthropometry and body fat: A cross-sectional study. Univ J Public 
Health. 2023;11(6):845–51. DOI: 10.13189/ujph.2023.110608 

9. Dinca M, Serban MC, Sahebkar A, Mikhailidis DP, Toth PP, Martin SS, et al. Does vitamin D 
supplementation alter plasma adipokines concentrations? A systematic review and meta-
analysis of randomized controlled trials. Pharmacol Res. 2016;107:360–71. DOI: 
10.1016/j.phrs.2016.03.035 

10. Fatima SS, Farooq S, Tauni MA, Irfan O, Alam F. Effect of raised body fat on vitamin D, leptin 
and bone mass. J Pak Med Assoc. 2015;65(12):1315–19.  PMID: 26627514. 

11. Thani NSIA, Khairudin R, Ho JJ, Muhamad NA, Ismail H. Vitamin D supplementation for 
overweight or obese adults. Cochrane Database Syst Rev. 2019;2019(5):CD012405. 

12. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013 AHA/ACC/TOS 
guideline for the management of overweight and obesity in adults. Circulation. 2014;129(25 
Suppl 2):S102–38. DOI: 10.1161/01.cir.0000437739.71477 

13. Najafi M, Fatolahi H. The effect of resistance training and vitamin D on leptin and HDL-C in 
overweight women. Int J Sport Stud Health. 2020;3(1):e101199. DOI:  
10.5812/intjssh.104742 

14. Ram A, Marcos L, Jones MD, Morey R, Hakansson S, Clark T, et al. The effect of high-intensity 
interval training and moderate-intensity continuous training on aerobic fitness and body 
composition in males with overweight or obesity: A randomized trial. Obes Med. 
2020;17:100151. DOI: 10.1016/j.obmed.2020.100187 

15. Wang N, Liu Y, Ma Y, Wen D. High-intensity interval versus moderate-intensity continuous 
training: Superior metabolic benefits in diet-induced obesity mice. Life Sci. 2017;191:122–
31.  DOI: 10.1016/j.lfs.2017.08.023 

16. Dupuit M, Rance M, Morel C, Bouillon P, Pereira B, Bonnet A, et al. Moderate-intensity 
continuous training or high-intensity interval training with or without resistance training for 
altering body composition in postmenopausal women. Med Sci Sports Exerc. 
2020;52(3):736–45.  DOI: 10.1249/MSS.0000000000002162 

17. Coswig VS, Barbalho M, Raiol R, Del Vecchio FB, Ramirez-Campillo R, Gentil P. Effects of high 
vs moderate-intensity intermittent training on functionality, resting heart rate and blood 
pressure of elderly women. J Transl Med. 2020;18(1):241. DOI: 10.1186/s12967-020-02261-
8. 

18. Hajhashemy Z, Shahdadian F, Ziaei R, Saneei P. Serum vitamin D levels in relation to 
abdominal obesity: A systematic review and dose–response meta-analysis of epidemiologic 
studies. Obes Rev. 2021;22(6):e13124. DOI: 10.1111/obr.13134 

19. Buscemi S, Buscemi C, Corleo D, De Pergola G, Caldarella R, Meli F, et al. Obesity and circulating 
levels of vitamin D before and after weight loss induced by a very low-calorie ketogenic diet. 
Nutrients. 2021;13(6):1877.  DOI: 10.3390/nu13061829 

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1097/med.0000000000000371
http://dx.doi.org/10.12944/CRNFSJ.10.3.29
https://doi.org/10.1007/s40519-018-0511-4
https://doi.org/10.1017/s0007114518000491
https://doi.org/10.1016/j.phrs.2016.03.035
http://dx.doi.org/10.5812/intjssh.104742
https://doi.org/10.1016/j.obmed.2020.100187
https://doi.org/10.1016/j.lfs.2017.08.023
https://doi.org/10.1249/mss.0000000000002162
https://doi.org/10.1111/obr.13134
https://doi.org/10.3390/nu13061829


JKKI 2025;16(2): 170-179                                                                Suputra, et al. Vitamin D supplementation and moderate… 

178 

 

20. Perna S. Is vitamin D supplementation useful for weight loss programs? A systematic review 
and meta-analysis of randomized controlled trials. Medicina (Kaunas). 2019;55(7):368. DOI: 
10.3390/medicina55070368 

21. Farag HAM, Hosseinzadeh-Attar MJ, Muhammad BA, Esmaillzadeh A, El Bilbeisi AH. 
Comparative effects of vitamin D and vitamin C supplementations with and without 
endurance physical activity on metabolic syndrome patients: A randomized controlled trial. 
Diabetol Metab Syndr. 2018;10(1):20.  DOI: 10.1186/s13098-018-0384-8 

22. Duan L, Han L, Liu Q, Zhao Y, Wang L, Wang Y. Effects of vitamin D supplementation on general 
and central obesity: Results from 20 randomized controlled trials involving apparently 
healthy populations. Ann Nutr Metab. 2020;76(3):153–64. DOI: 10.1159/000507418 

23. Hajimohammadi M, Shab-Bidar S, Neyestani TR. Vitamin D and serum leptin: A systematic 
review and meta-analysis of observational studies and randomized controlled trials. Eur J Clin 
Nutr. 2017;71(10):1144–53. DOI: 10.1038/ejcn.2016.245 

24. Mousa A, Naderpoor N, Wilson K, Plebanski M, de Courten MPJ, Scragg R, et al. Vitamin D 
supplementation increases adipokine concentrations in overweight or obese adults. Eur J 
Nutr. 2020;59(1):195–204.  DOI: 10.1007/s00394-019-01899-5 

25. Sundari LPR, Bakta IM, Astawa INM, Adiatmika IPG, Arijana IGKN, Tunas IK. The effect of 
vitamin D administration on leptin, adiponectin and mRNA, MCP-1 levels in adipose tissue of 
obese female Wistar rats. Curr Res Nutr Food Sci. 2020;8(2):541–9. DOI: 
10.12944/CRNFSJ.8.2.20 

26. Duggan C, De Dieu Tapsoba J, Mason C, Imayama I, Korde L, Wang CY, et al. Effect of vitamin 
D3 supplementation in combination with weight loss on inflammatory biomarkers in 
postmenopausal women: A randomized controlled trial. Cancer Prevention Research. 
2015;8(7):628–35. DOI: 10.1158/1940-6207.CAPR-14-0449 

27. Lithgow HM. The combined effect of high-intensity intermittent training and vitamin D 
supplementation on insulin sensitivity in overweight and obese males and females [thesis]. 
Edinburgh (UK): Edinburgh Napier University; 2016. Available from: 
http://researchrepository.napier.ac.uk/Output/455631 

28. Ozorowski M, Wiciński M, Wróbel Ł, Fajkiel-Madajczyk A. Cholecalciferol supplementation 
lowers leptin and TMAO but increases NO and VEGF-A levels in obese vitamin D deficient 
patients: Is it one of the potential cardioprotective mechanisms of vitamin D? Nutr Metab 
(Lond). 2022;19(1):31. DOI: 10.1186/s12986-022-00666-4 

29. Nimitphong H, Guo W, Holick MF, Fried SK, Lee MJ. Vitamin D inhibits adipokine production 
and inflammatory signaling through the vitamin D receptor in human adipocytes. Obesity. 
2021;29(3):562–8. DOI: 10.1002/oby.23109 

30. Dzik KP, Grzywacz T, Łuszczyk M, Kujach S, Flis DJ, Kaczor JJ. Single bout of exercise triggers 
the increase of vitamin D blood concentration in adolescent trained boys: A pilot study. Sci 
Rep. 2022;12(1):1825. DOI: 10.1038/s41598-022-05783-x 

31. Nikniaz L, Ghojazadeh M, Nateghian H, Nikniaz Z, Farhangi MA, Pourmanaf H. The interaction 
effect of aerobic exercise and vitamin D supplementation on inflammatory factors, anti-
inflammatory proteins, and lung function in male smokers: A randomized controlled trial. 
BMC Sports Sci Med Rehabil. 2021;13(1):102. DOI: 10.1186/s13102-021-00333-w 

32. Al-Sultan AI, Al-Elq AH. Leptin levels in normal weight and obese Saudi adults. J Fam 
Community Med. 2006;13(3):97–102.  PMID: 23012127; PMCID: PMC3410062. 

33. Bhat H, Bhat JA, Bhat MH, Rashid M, Jan R, Afroze D. Leptin in obesity and hypertension. 
Arterial Hypertns. 2022;26(1):26–31. DOI: 10.5603/AH.a2022.000 

34. Kumar R, Mal K, Razaq MK, Magsi M, Memon MK, Memon S, et al. Association of Leptin with 
obesity and insulin resistance. Cureus. 2020;12(12):e12178. DOI: 10.7759/cureus.12178 

35. Peng J, Yin L, Wang X. Central and peripheral leptin resistance in obesity and improvements 
of exercise. Horm Behav. 2021;133:105006.  DOI: 10.1016/j.yhbeh.2021.105006 

36. Sivakumar J, Sampson U, Kumar J. Assessment of levels of vitamin D and Leptin in comparison 
of BMI among medical students. Int J Med Res Rev. 2020;8(1):51–6. 
DOI: 10.17511/ijmrr.2020.i01.08 

https://doi.org/10.3390/medicina55070368
https://doi.org/10.1186/s13098-018-0384-8
https://doi.org/10.1159/000507418
https://doi.org/10.1038/ejcn.2016.245
https://doi.org/10.1007/s00394-019-01899-5
http://dx.doi.org/10.12944/CRNFSJ.8.2.20
https://doi.org/10.1158/1940-6207.capr-14-0449
https://doi.org/10.1186/s12986-022-00666-4
https://doi.org/10.1002/oby.23109
https://doi.org/10.1186/s13102-021-00333-w
https://doi.org/10.7759/cureus.12178
https://doi.org/10.1016/j.yhbeh.2021.105006
https://doi.org/10.17511/ijmrr.2020.i01.08


JKKI 2025;16(2): 170-179                                                                Suputra, et al. Vitamin D supplementation and moderate… 

179 

 

37. Feghaly J, Johnson P, Kalhan A. Vitamin D and obesity in adults: A pathophysiological and 
clinical update. Br J Hosp Med (Lond). 2020;81(1):1–5. DOI: : 10.12968/hmed.2019.0291. 

38. Fedewa M V., Hathaway ED, Ward-Ritacco CL, Williams TD, Dobbs WC. The effect of chronic 
exercise training on Leptin: A systematic review and meta-analysis of randomized controlled 
trials. Sports Med. 2018;48(6):1437–50. DOI: 10.1007/s40279-018-0897-1. 

39. Obradovic M, Sudar-Milovanovic E, Soskic S, Essack M, Arya S, Stewart AJ, et al. Leptin and 
obesity: Role and clinical implication. Front Endocrinol (Lausanne). 2021;12:585887. DOI: 
10.3389/fendo.2021.585887 

40. Suputra PA. Exercise to reduce leptin on obesity: A review. Sci J Sport Perform. 
2023;2(3):289–99. DOI: 10.55860/KCHN3506 

41. Alamdari ME, Fathi M, Bije N, Pouryamehr E. Report of health care the effect of eight weeks of 
aerobic exercise on Interleukin-6, insulin resistance and blood glucose of overweight female. 
Available from: http://jrhc.miau.ac.ir  

42. Khosravi ZS, Kafeshani M, Tavasoli P, Zadeh AH, Entezari MH. Effect of vitamin D 
supplementation on weight loss, glycemic indices, and lipid profile in obese and overweight 
women: A clinical trial study. Int J Prev Med. 2018;9(1):63. DOI: 
: 10.4103/ijpvm.IJPVM_329_15 

43. Abboud M, Liu X, Fayet-Moore F, Brock KE, Papandreou D, Brennan-Speranza TC, et al. Effects 
of vitamin D status and supplements on anthropometric and biochemical indices in a clinical 
setting: A retrospective study. Nutrients. 2019;11(12):3032. PMCID: 
PMC6950220 PMID: 31842274 

44. Brzeziński M, Jankowska A, Słomińska-Frączek M, Metelska P, Wiśniewski P, Socha P, et al. 
Long-term effects of vitamin D supplementation in obese children during integrated weight–
loss programme—A double blind randomized placebo–controlled trial. Nutrients. 
2020;12(4):1093.  DOI: 10.3390/nu12041093 

45. Belenchia AM, Tosh AK, Hillman LS, Peterson CA. Correcting vitamin D insufficiency improves 
insulin sensitivity in obese adolescents: A randomized controlled trial. Am J Clin Nutr. 
2013;97(4):774–81. DOI: 10.3945/ajcn.112.050013 

46. Kim HJ, Kang CK, Park H, Lee MG. Effects of vitamin D supplementation and circuit training on 
indices of obesity and insulin resistance in T2D and vitamin D deficient elderly women. J Exerc 
Nutrition Biochem. 2014;18(3):249–57. DOI: 10.5717/jenb.2014.18.3.249 

47. Stokić E, Kupusinac A, Tomic-Naglic D, Smiljenic D, Kovacev-Zavisic B, Srdic-Galic B, et al. 
Vitamin D and dysfunctional adipose tissue in obesity. Angiology. 2015;66(7):613–8. DOI: 
10.1177/0003319714543512 

48. Gharekhani A, Najafipour F, Baradaran H, Tagharrobi P, Rezaee H. The effect of treating 
vitamin D deficiency or insufficiency on serum adiponectin, leptin and insulin resistance of 
type 2 diabetes mellitus patients: A pilot study. Iran J Pharm Res. 2020;19(3):86–94. DOI: 
10.22037/ijpr.2020.112067.13512 

49. Cordeiro MM, Biscaia PB, Brunoski J, Ribeiro RA, Franco GCN, Scomparin DX. Vitamin D 
supplementation decreases visceral adiposity and normalizes leptinemia and circulating 
TNF-α levels in western diet-fed obese rats. Life Sci. 2021;278:119550.  DOI: 
10.1016/j.lfs.2021.119550 

50. Limanan D, Prijanti AR. Hantaran sinyal leptin dan obesitas: Hubungannya dengan penyakit 
kardiovaskuler. eJKI. 2013;1(2):149-155. DOI: 10.23886/ejki.1.2063.144-155 

51. Yang R, Barouch LA. Leptin signaling and obesity: Cardiovascular consequences. Circ Res. 
2007;101(6):545–59. DOI: 10.1161/CIRCRESAHA.107.156596 

 

 

https://doi.org/10.3389/fendo.2021.585887
http://dx.doi.org/10.55860/KCHN3506
http://jrhc.miau.ac.ir/
https://doi.org/10.4103/ijpvm.ijpvm_329_15
https://pubmed.ncbi.nlm.nih.gov/31842274/
https://doi.org/10.3390/nu12041093
https://doi.org/10.3945/ajcn.112.050013
https://doi.org/10.5717/jenb.2014.18.3.249
https://doi.org/10.1177/0003319714543512
https://doi.org/10.22037/ijpr.2020.112067.13512
https://doi.org/10.1016/j.lfs.2021.119550
http://dx.doi.org/10.23886/ejki.1.2063.144-155
https://doi.org/10.1161/circresaha.107.156596

