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ABSTRACT  

There are many studies investigating nutritional factors that affect both sarcopenia and muscle 

formation. According to extensive research, protein has an essential role in muscle formation. 

More recently, vitamin D has emerged as an important factor that regulates muscle 

metabolism. However, studies and research of association between 25-Hydroxyvitamin D 

(25(OH)D) status and components of homeostasis model assessment of insulin resistance 

(HOMA-IR) in older are limited. Nineteen studies were found through a search of electronic 

databases and were subjected to a meta-analysis to investigate the differences in serum levels 

of 25(OH)D and HOMA-IR between patients with controls and sarcopenia. The random-

effects standardized mean difference (SD) and 95% confidence interval (CI) were calculated 

as the effect size. Nineteen studies with 19,528 participants (5,081 with sarcopenia and 

14,447 without) were analyzed. Sarcopenic participants had significantly lower serum levels 

of 25(OH)D (SD =1.163; 95% CI 0.514, 1.812; p<0.001; I2=99.652%) and HOMA-IR  (SD=-

2.040; 95% CI -3.376, -0.705; p<0.005; I2=99.837%)  than controls. It has been reiterated that 

sarcopenia may be related serum levels of 25(OH)D and HOMA-IR. This relationship is 

needed to clarify by future longitudinal studies. 
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INTRODUCTION 

The age-related changes in body composition, including the development of sarcopenia, carry 

a risk factor for frailty and disability.1 A recent study by Lexell and other researchers show a 

13-4% incidence of sarcopenia in the 65 to 70-year-old population, whereas in the 80-year-old 

population, the sarcopenia incidence is more than 50%.2 Skeletal muscle strength, mass, and 

quality are key factors in the maintainence of functional independence in older adults. It is 

possible that decreased muscle mass consequently lead to secondary muscular disuse atrophy 

and the cause of the age-related neurological changes, the hormonal and metabolic milieu, 

pro-inflammatory cytokines, and perhaps fat infiltration-ipotoxicity loss of strength with 

aging.3 Treatments of age-related sarcopenia includes resistance training, protein, amino acid 

supplementation and energy intake, and these are key components of the prevention and 

management of sarcopenia. 

So far, there are various studies focusing on protein as a nutritional supplement strategy for 

the prevention and treatment of sarcopenia.4 Recently, numerous studies have reported 

extremely low vitamin D levels in older persons due to loss its ability to generate vitamin D3 
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from ultraviolet(UV) radiation5 and low dietary intake of vitamin D in the elderly can result in 

low muscle strength and occur metabolic disease.6 In 2014, Lee et al found that the proportion 

of vitamin D deficiency among people over 65 years in the United States, Germany, and 

South Korea was 48.4%, 64.4%, and 75.3%, respectively, even though these countries have 

different vitamin D deficiency standards (US<25.0 ng/mL Germany<20.0 ng/mL and Korea 

<20.0 ng/mL and there were no significant gender differences.7 The United States had the 

highest standards and the lowest deficiency rate. The effects of serum 25-Hydroxyvitamin D 

(25(OH)D) levels on muscle have been explored in numerous studies and different 

populations.8  

In this case, the reduction in muscle mass is accompanied by an increase in the amount of 

fat, which is called muscle-reducing obesity.9 This indicates that muscle reduction has 

simultaneous insulin resistance,10 and in return, it leads to more chronic diseases.11 Vitamin D 

supplementation may be a simple, safe, and cost-effective solution that can alleviate the 

adverse effects of aging on the human body.12,13 Supplementation of vitamin D is common in 

the elderly14 and is associated with sarcopenia15 and obesity16,17 and as well as metabolic 

disturbances such as insulin resistance.18  

The aging problem is getting fiercer around the whole world, especially in the developed 

countries, for instance, Japan, South Korea, Germany, etc. There is a paucity of data that 

measure the effects of vitamin D and homeostasis model assessment of insulin resistance 

(HOMA-IR) status on risk factors of sarcopenia, and those data that do exist were often with 

conflicting results.19,20 In this background, the objectives of this study was to investigate the 

relationship between serum 25(OH)D and HOMA-IR status and muscle in the elderly 

population. The findings of this study will provide medical workers with a deeper and better 

understanding of the prevention and treatment of sarcopenia.  

 

MATERIALS AND METHODS 

Search strategy 

This study conducted an electronic literature search for articles published between 1989 and 

January, 2019. A thorough search was conducted using three electronic databases: PubMed, 

Science Direct, and Cochrane Library. In PubMed, the following keywords were utilized: 

((((((Sarcopenia[Title/Abstract]) AND Vitamin D[Title/Abstract]) OR Receptors, 

Calcitriol[Title/Abstract]) AND Insulin Resistance[Title/Abstract]) OR Resistance, 

Insulin[Title/Abstract]) OR Insulin Sensitivity[Title/Abstract]) OR Sensitivity, 
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Insulin[Title/Abstract] and the other two electronics (Science Direct and Cochrane Library) 

utilized a similar search methodology.  

 

Study selection 

Selected studies: 1) human studies, 2) the mean and standard deviation of the study data, 3) 

separated the data by gender and age group. Studies were excluded if 1) repeated, 2) lack of 

data information and the inability to obtain the full text of the data, 3) subjects were under 60 

years, 4) animal models were applied. 

 

Data extraction 

The data extracted in this study include the first author information, publication year, country, 

sample size, gender, age, basic values of 25(OH)D in each sample (ng/mL, unit uniform) and 

HOMA-IR. Finally, researchers summarized the selected data into a Microsoft excel 

spreadsheet. 

 

Statistical analysis 

The meta-analysis was applied in this study by using comprehensive meta-analysis V2.0 

(CMA) for Windows (https://www.meta-analysis.com/). When synthesizing these studies, the 

random-effects model was used to account for study heterogeneity (Q statistic，Z statistic 

and I2 statistic) with standard mean difference (SD) and 95% confidence interval (CI). The Q 

statistic (p<0.05 indicating significant heterogeneity) and the I2 statistic (I2 >75.0%, 50.0-

75.0%, and <50.0% indicating substantial, moderate, and low heterogeneity, respectively) 

were utilized to evaluate statistical heterogeneity.21 Publication bias was assessed using a 

visual inspection of funnel plots and the Egger bias test.22 

 

RESULTS 

The original literature search identified 30,418 papers that might be eligible, among these, 

there are 1,129 papers were identified to be repeated. Later, 29,289 papers were screened with 

titles and abstracts, and a total of 59 papers were obtained. In addition, papers which are 

unable to view the original article or some other reasons were excluded. Finally, a total of 19 

studies were included in the meta-analysis, which can be seen in Figure 1.23-41 
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Studies and patients  

Study and patient characteristics are summarized and it was shown in Table 1. The 19 meta-

analyzed studies included 19,528 participants (5,081 with sarcopenia and 14,447 without). 

The majority of the studies were conducted in Asia. All of studies were published after 2010. 

The average age of the subjects was 60–64 years old in 9 publications, 65 and older in 10 

publications. Among the 19 studies for the meta-analysis, the number of adjusted variables of 

25(OH)D levels was 26 and HOMA-IR was 12 because there were differences between male 

and female participants in the groups. 

 

Effect sizes 

This study found that serum levels of 25(OH)D and HOMA-IR have a significant effect on 

sarcopenia (see Figure 2). Overall effect sizes (ESs) under random-effects assumptions 

indicated that 25(OH)D levels (SD=1.163; 95% CI 0.514, 1.812; p<0.001) had a significant 

overall effect on sarcopenia. Large heterogeneity existed between studies with I2=99.506%. 

Similarly，people with sarcopenia had immense difference in levels of HOMA-IR compared 

to those without sarcopenia (SD=-2.040; 95% CI -3.376, -0.705; p<0.005; I2=99.837%). 

 

Publication bias  

The exmination of the impact of publication bias were further conducted. As shown in Figure 

3, the funnel plot is asymmetrical left and right at the bottom, and there may be a publication 

bias. Egger linear regression was used to detect the degree of publication bias.42 However, no 

new research has been incorporated, from asymmetry to symmetry. Therefore, the funnel plot 

has not changed and this study cannot ensure that the included studies have no publication 

bias and no evidence of the validity of the results. 

 

DISCUSSION 

The purpose of this review was to explore the effect of vitamin D and HOMA-IR on change 

in body composition, sarcopenia in older adults. In this meta-analysis which included 5,081 

people with sarcopenia and 14,447 without, the results demonstrated that high serum 

25(OH)D levels significantly improved muscle mass in older adults, while high HOMA-IR 

had a negative effect (Figure 2). Sarcopenia, a common age-related disease in the elderly, is 

characterized by low muscle mass and high fat mass, which increases the risk of fragility 

fractures and various chronic diseases.  
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Since the discovery of sarcopenia, an increasing number of reports and studies43-45 have 

mentioned the role of vitamin D in muscle reduction.46 Moreover, the lack of vitamin D can 

lead to many diseases.47,48 For instance, the reduction in muscle mass is associated with low 

circulating vitamin D levels and can cause frailty, falls and metabolic syndrome in the 

elderly.43-45,49 This is in agreement with the fact that patients with higher 25(OH)D levels 

have better muscle performance in the lower extremities than patients with lower levels.50,51 

The findings of study conducted by Girgis suggested that vitamin D was an effective 

nutritional intervention for preservation of muscle mass in healthy older adults.52 Vitamin D 

supplementation also positively impacted on muscle atrophy in several pathological 

conditions, including HIV, hypocalcaemia, and osteoporosis.53-55 Older adults, especially 

those with pathological conditions, were the main subjects of study and performed limited 

physical activities, which can accelerate muscle loss.  

The effects of vitamin D levels on muscle have been explored by a great number of studies 

and among different populations.56 As a result of comparison between domestic and foreign 

studies, vitamin D and muscle mass were found to be significantly related.57-59 Despite this, 

very high doses of vitamin D increase the risk of falling (24,000 IU/month) and have no 

benefit for lower limb muscle function, which is beyond everyone's expectations.59 Vitamin D 

plays a role not only in maintaining muscle tissue function, preserving muscle strength, 

increasing calcium absorption, but also acting as a hormone.60 In muscle cells, vitamin D 

induces de novo synthesis of proteins that regulate cell proliferation and differentiation and 

also increases the calcium pool essential for muscle contraction. Therefore, vitamin D is 

intimately involved in maintaining muscle mass and function.61,62 Aging induces human skin 

to lose its ability to generate vitamin D3 from UV radiation and low dietary intake of vitamin 

D in the elderly can result in vitamin D insufficiency.62,63 It could increase fracture risk due to 

muscle loss and muscle weakness in the aged people. Furthermore, sarcopenia is also known 

to cause low muscle mass, due to less mechanical stimulation and the pro-inflammatory 

cytokines underlying sarcopenia. Several recent epidemiological studies have examined the 

interaction between sarcopenia, and vitamin D insufficiency. Our study has confirmed the 

higher prevalence of sarcopenia in subjects with vitamin D insufficiency, which consistent 

with the findings of the Rancho Bernardo and other studies.36-38  

Vitamin D deficiency is associated with the development of type 2 diabetes and with 

increased insulin resistance and impaired insulin secretion in human and animal studies.64-68 

Cross-sectional and prospective studies have revealed that vitamin D deficiency is involved in 

the derangement of insulin resistance and insulin secretion which is commonly involved in 
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the etiology of type 2 diabetes mellitus.69-72 A systematic review and meta-analysis of 

prospective studies suggested that maintaining adequate levels of vitamin D may be a useful 

preventive measure for metabolic diseases including type 2 diabetes.69 A few studies have 

evaluated the alteration of glucose metabolism in type 2 diabetic rats, but the mechanisms 

were not studied.73,74 Vitamin D consumption (10 IU/kg body weight) for 60 days decreased 

fasting plasma glucose levels, HbA1c and insulin resistance index in male Wistar rats 

intraperitoneally injected with a single low dose of streptozotocin (35 mg/kg body weight).74 

Furthermore, it also demonstrated that HOMA-IR, an insulin resistance index, was higher, 

and whole-body glucose infusion rates at euglycemic and hyperglycemic states were lower in 

vitamin D-low than vitamin D-normal rats. In addition, Non Government Organisations at 

hyperinsulinemic states were higher in vitamin D low than vitamin D-normal. This indicated 

that vitamin D deficiency exacerbated both whole-body and hepatic insulin resistance during 

euglycemia and hyperglycemia. However, the beneficial effects of vitamin D on insulin 

sensitivity were attenuated in the vitamin D-high group in comparison to the sufficient state of 

vitamin D, as shown by the increased triglyceride storage in the liver and skeletal muscles as 

with vitamin D deficiency. These effects on insulin sensitivity may be related to the increase 

in visceral fat mass in vitamin D-high.  

In conclusion, vitamin D plays an important role in muscle and insulin metabolism, and its 

deficiency is closely associated with sarcopenia which can also lead to metabolic disease.54 In 

additions, in the research of Ceglia (2009), vitamin D receptor-deficient mice indicated more 

muscle damage than normal mice.75 While the study by Sanders et al. demonstrated that no 

significant correlation exists between vitamin D treatment and muscle decline in elderly 

people (n=354) aged 70 years and older.76 However, this trial level of vitamin D is low (400 

IU/d). Supplementing with 500,000 IU of vitamin D in the fall or winter may increase serum 

25(OH)D levels in older women, leading to a decreasing risk of sarcopenia.45,77-79 Therefore, 

further research is necessary to investigate the optimal amount of vitamin D supplement. 

Finally, it is proved that vitamin D’s nutrition for sarcopenia is probably not the deficiency of 

vitamin D caused by body aging, but the lack of vitamin D intake. 

To the best of our knowledge, this study is the first one to utilize meta-analysis to explore 

the linkage among sarcopenia, serum vitamin D and HOMA-IR status. Though the study is 

finished, the interpretation of this study is still needed to be in the light of some limitations. 

First, a small number of studies were covered and the sample sizes were relatively limited. 

Additionally, the diagnosis of sarcopenia patients was performed without certain diagnostic 

criteria. Finally, variation in the diagnostic criteria of sarcopenia among studies could have 
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influenced the overall results. Uniform measurements of sarcopenia are needed for a stronger 

meta-analysis. 

 

Conclusion 

To sum up, as reflected in this meta-analysis, serum 25(OH)D levels are linkaged with 

sarcopenia and are associated with chronic disease risk factors (HOMA-IR). Longitudinal 

research are needed to further validate the findings of this study.  

 

AUTHOR DISCLOSURE 

This research was supported by Kyungsung University in 2019, Busan, Korea. 

 

REFERENCES 
1. Lombardi G, Sanchis-Gomar F, Perego S, Sansoni V, Banfi, G. Implications of exercise-induced 

adipo-myokines in bone metabolism. Endocrine. 2016;54:284-305. 

2. Du Y, No JK. Sarcopenia: nutrition and related diseases. CSHR. 2017;23:66-78. 

3. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV et al. The loss of 

skeletal muscle strength, mass, and quality in older adults: the health, aging and body composition 

study. J Gerontol. 2006;61:1059-64. 

4. Leenders M, van Loon LJ. Leucine as a pharmaconutrient to prevent and treat sarcopenia and type 2 

diabetes. Nutrition reviews. 2011;69:675-89. 

5. Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the immune system by UV radiation: more than 

just the effects of vitamin D? Nat Rev Immunol. 2011;11:584. 

6. Mithal A, Bonjour JP, Boonen S, Burckhardt P, Degens H, Fuleihan GEH et al. Impact of nutrition on 

muscle mass, strength, and performance in older adults. Osteoporos Int. 2013;24:1555-66. 

7. Yu A, Kim J, Kwon O, Oh SY, Kim J, Yang YJ. Associations between serum 25-hydroxyvitamin D 

and consumption frequencies of vitamin D rich foods in Korean adults and older adults. KJCN. 2014; 

19:122-32. 

8. Park S, Ham, JO, Lee, BK. A positive association of vitamin D deficiency and sarcopenia in 50 year 

old women, but not men. Clin Nutr. 2014;33:900-5. 

9. Baumgartner RN. Body composition in healthy aging. Ann NY Acad Sci. 2000;904:437-48.  

10. Cleasby ME, Jamieson, PM, Atherton PJ. Insulin resistance and sarcopenia: Mechanistic links between 

common co-morbidities. J Endocrinol. 2016;229:67-81.  

11. Lee SH, Tao S, Kim HS. The prevalence of metabolic syndrome and its related risk complications 

among Koreans. Nutrients. 2019;11:1755. 

12. Baumgartner RN, Wayne SJ, Waters DL, Janssen I, Gallagher D, Morley JE. Sarcopenic obesity 

predicts instrumental activities of daily living disability in the elderly. Obes Res. 2004;12:1995-2004. 



9 

13. Du Y, Oh C, No J. Associations between sarcopenia and metabolic risk factors: A systematic review 

and meta-analysis. JOMES. 2018;27:175. 

14. Cashman, KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M, Valtuena J, De Henauw S, Moreno L, 

et al. Vitamin D deficiency in Europe: Pandemic? Am J Clin Nutr. 2016;103:1033-44. 

15. Bischoff-Ferrari H. Relevance of vitamin D in bone and mUscle health of cancer patients. Anticancer 

Agents Med Chem. 2013;13:58-64.  

16. Oliai Araghi S, van Dijk SC, Ham AC, Brouwer-Brolsma EM, Enneman AW, Sohl E, Swart KM et al. 

BMI and body fat mass is inversely associated with Vitamin D levels in older individuals. J Nutr 

Health Aging. 2015;19:980-5. 

17. Shantavasinkul PC, Phanachet P, Puchaiwattananon O, Chailurkit LO, Lepananon T, Chanprasertyotin 

S, Ongphiphadhanakul B et al. Vitamin D status is a determinant of skeletal muscle mass in obesity 

according to body fat percentage. Nutrition. 2015;31:801-6.  

18. Tosunbayraktar G, Bas M, Kut A, Buyukkaragoz AH. Low serum 25(OH)D levels are associated to 

higher BMI and metabolic syndrome parameters in adult subjects in Turkey. Afr Health Sci. 2015;15: 

1161-9. 

19. Chung JY, Kang HT, Lee DC, Lee HR, Lee YJ. Body composition and its association with 

cardiometabolic risk factors in the elderly: a focus on sarcopenic obesity. Arch Gerontol Geriatr. 

2013;56:270-8. 

20. Park S, Ham JO, Lee BK. A positive association of vitamin D deficiency and sarcopenia in 50 year old 

women, but not men. Clin Nutr. 2014;33:900-5. 

21. Higgins JP. Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002;21:1539-58. 

22. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for 

publication bias in meta-analysis. Biometrics. 2000;56:455-63. 

23. de Souza Genaro P, de Medeiros Pinheiro M, Szejnfeld, VL, Martini LA. Secondary 

hyperparathyroidism and its relationship with sarcopenia in elderly women. Arch Gerontol Geriatr. 

2015;60:349-53. 

24. Lai S, Muscaritoli M, Andreozzi P, Sgreccia A, De Leo S, Mazzaferro S, Amabile MI. Sarcopenia and 

cardiovascular risk indices in patients with chronic kidney disease on conservative and replacement 

therapy. Nutrition. 2019;62:108-14. 

25. Suriyaarachchi P, Gomez F, Curcio CL, Boersma D, Murthy L, Grill V, Duque G. High parathyroid 

hormone levels are associated with osteosarcopenia in older individuals with a history of falling. 

Maturitas. 2018;113:21-5. 

26. Son J, Yu Q, Seo JS. Sarcopenic obesity can be negatively associated with active physical activity and 

adequate intake of some nutrients in Korean elderly: Findings from the Korea National Health and 

Nutrition Examination Survey (2008–2011). NRP. 2019;13:47-57. 

27. Chung JY, Kang HT, Lee DC, Lee HR, Lee YJ. Body composition and its association with 

cardiometabolic risk factors in the elderly: a focus on sarcopenic obesity. Arch Gerontol Geriatr. 2013; 

56:270-8. 



10 

28. Huo YR, Suriyaarachchi P, Gomez F, Curcio CL, Boersma D, Gunawardene P, Duque G. Phenotype of 

sarcopenic obesity in older individuals with a history of falling. Arch Gerontol Geriatr. 2016;65:255-9. 

29. Kim JE, Lee YH, Huh JH, Kang DR, Rhee Y, Lim SK. Early-stage chronic kidney disease, insulin 

resistance, and osteoporosis as risk factors of sarcopenia in aged population: the fourth Korea National 

Health and Nutrition Examination Survey (KNHANES IV), 2008–2009. Osteoporos Int. 2014;25: 

2189-98. 

30. Lee SG, Lee YH, Kim KJ, Lee W, Kwon OH, Kim JH. Additive association of vitamin D insufficiency 

and sarcopenia with low femoral bone mineral density in noninstitutionalized elderly population: the 

Korea National Health and Nutrition Examination Surveys 2009–2010. Osteoporos Int. 2013;24: 2789-

99. 

31. Bo Y, Liu C, Ji Z, Yang R, An Q, Zhang X, Cui H. A high whey protein, vitamin D and E supplement 

preserves muscle mass, strength, and quality of life in sarcopenic older adults: A double-blind 

randomized controlled trial. Clin Nutr. 2019;38:159-64. 

32. Oh C, Jho S, No JK, Kim HS. Body composition changes were related to nutrient intakes in elderly 

men but elderly women had a higher prevalence of sarcopenic obesity in a population of Korean adults. 

Nutr Res. 2015;35:1-6. 

33. Oh C, Jeon BH, Storm SNR, Jho S, No JK. The most effective factors to offset sarcopenia and obesity 

in the older Korean: physical activity, vitamin D, and protein intake. Nutrition. 2017;33:169-73. 

34. Verlaan S, Aspray TJ, Bauer JM, Cederholm T, Hemsworth J, Hill TR, Ter Borg S. Nutritional status, 

body composition, and quality of life in community-dwelling sarcopenic and non-sarcopenic older 

adults: A case-control study. Clin Nutr. 2017;36:267-74. 

35. Tay L, Ding YY, Leung BP, Ismail NH, Yeo A, Yew S et al. Sex-specific differences in risk factors for 

sarcopenia amongst community-dwelling older adults. Age. 2015;37:121. 

36. Hwang B, Lim JY, Lee J, Choi NK, Ahn YO, Park, BJ. Prevalence rate and associated factors of 

sarcopenic obesity in Korean elderly population. JKMS. 2012;27:748-55. 

37. Tajar A, Lee DM, Pye SR, O'connell MD, Ravindrarajah R, Gielen E et al. The association of frailty 

with serum 25-hydroxyvitamin D and parathyroid hormone levels in older European men. Age Ageing. 

2012;42:352-9. 

38. Seo MH, Kim MK, Park SE, Rhee EJ, Park CY, Lee WY et al. The association between daily calcium 

intake and sarcopenia in older, non-obese Korean adults: the fourth Korea national health and nutrition 

examination survey (KNHANES IV) 2009. Endocrine. 2013;60:679-86. 

39. ter Borg S, de Groot LC, Mijnarends DM, de Vries JH, Verlaan S, Meijboom S et al. Differences in 

nutrient intake and biochemical nutrient status between sarcopenic and nonsarcopenic older adults-

results from the Maastricht Sarcopenia Study. J Am Med Dir Assoc. 2016;17:393-401. 

40. Lyu YS. The prevalence of sarcopenic obesity and risk factors in Korean postmenopausal women. 

Master’ thesis, Chosun University. Gwangju, Republic of Korea. 



11 

41. Jung Y. Prevalence of sarcopenic obesity and associated factors in Korean older adults with diabetes: 

The 2009-2010 Korean National Health and Nutrition Examination Survey. Doctoral dissertation’ 

thesis, Chosun University. Gwangju, Republic of Korea 

42. Cooper H. Research synthesis and meta-analysis: A step-by-step approach. Sage publications. 2015. 

43. Cummings SR, Kiel DP, Black DM. Vitamin D supplementation and increased risk of falling: A 

cautionary tale of vitamin supplements retold. JAMA Intern Med. 2016;176:171-2. 

44. Lee SH, Tao S, Kim HS. The prevalence of metabolic syndrome and its related risk complications 

among Koreans. Nutrients. 2019;11:1755. 

45. Kim MK, Baek KH, Song KH, II Kang M, Park CY, Lee WY et al. Vitamin D deficiency is associated 

with sarcopenia in older Koreans, regardless of obesity: the Fourth Korea National Health and 

Nutrition Examination Surveys (KNHANES IV) 2009.  J Clin Endocrinol Metab. 2011;96:3250-6. 

46. Wintermeyer E, Ihle C, Ehnert S, Stöckle U, Ochs G, de Zwart P et al. Crucial role of vitamin D in the 

musculoskeletal system. Nutrients. 2016;8:319. 

47. Berridge MJ. Vitamin D cell signalling in health and disease. Biochem Biophys Res Commun. 

2015;460:53-71. 

48. Ju SY, Jeong HS, Kim DH. Blood vitamin D status and metabolic syndrome in the general adult 

population: a dose-response meta-analysis. J Clin Endocrinol Metab . 2014;99:1053-63. 

49. Snijder MB, van Schoor NM, Pluijm SM, van Dam RM, Visser M, Lips P. Vitamin D status in relation 

to one-year risk of recurrent falling in older men and women.  J Clin Endocrinol Metab. 2006;91:2980-

5. 

50. Ceglia L. Vitamin D and its role in skeletal muscle. Curr Nutr Metab Care. 2009;12:628. 

51. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck AE, Theiler R et al. Fall 

prevention with supplemental and active forms of vitamin D: a meta-analysis of randomised controlled 

trials. BMJ. 2009;339:3692. 

52. Girgis CM, Clifton‐Bligh RJ, Turner N, Lau SL, Gunton JE. Effects of vitamin D in skeletal muscle: 

falls, strength, athletic performance and insulin sensitivity. Clin Endocrinol. 2014;80:169-81. 

53. Scimeca M, Centofanti F, Celi M, Gasbarra E, Novelli G, Botta A et al. Vitamin D receptor in muscle 

atrophy of elderly patients: a key element of osteoporosis-sarcopenia connection. Aging Dis. 

2018;9:952. 

54. Knutsen KV, Brekke M, Gjelstad S, Lagerlov P. Vitamin D status in patients with musculoskeletal pain, 

fatigue and headache: a cross-sectional descriptive study in a multi-ethnic general practice in Norway. 

Scand J Prim Health Care. 2010;28:166-71. 

55. Perez VE, Gaviria AZ, Vicente RV, Molina GC, Robles AR, Larrad MTMet at al. Vitamin D and 

sarcopenia in HIV-infected patients. In 15th ECE. 2013;32. 

56. Park S, Ham JO, Lee BK. A positive association of vitamin D deficiency and sarcopenia in 50 year old 

women, but not men. Clin Nutr. 2014;33:900-5. 

57. Cummings SR, Kiel DP, Black DM. Vitamin D supplementation and increased risk of falling: A 

cautionary tale of vitamin supplements retold. JAMA Intern. 2016;176:171-2. 



12 

58. Campbell WW, Johnson CA, McCabe GP, Carnell NS. Dietary protein requirements of younger and 

older adults. Am J Clin Nutr. 2008;88:1322-9. 

59. Marantes I, Achenbach SJ, Atkinson EJ, Khosla S, Melton III LJ, Amin S. Is vitamin D a determinant 

of muscle mass and strength?. J Bone Miner Res. 2011;26:2860-71. 

60. Choi HS, Oh HJ, Choi H, Choi WH, Kim JG, Kim KM et al. Vitamin D insufficiency in Korea—a 

greater threat to younger generation: the Korea National Health and Nutrition Examination Survey 

(KNHANES) 2008. J Clin Endocrinol Metab. 2011;96:643-51. 

61. MacLaughlin J, Holick MF. Aging decreases the capacity of human skin to produce vitamin D3.  J Clin 

Invest. 1985;76:1536-8. 

62. He JB, Chen MH, Lin DK. New insights into the tonifying kidney-yin herbs and formulas for the 

treatment of osteoporosis. Arch Osteoporos. 2017;12:14. 

63. Du Y, Oh C, No J. Advantage of dairy for improving aging muscle.  J Obes Metab Syndr . 2019;28: 

167. 

64. Liu E, Meigs JB, Pittas AG, McKeown NM, Economos CD, Booth SL et al. Plasma 25-

hydroxyvitamin D is associated with markers of the insulin resistant phenotype in nondiabetic adults. J 

Nutr. 2009;139:329-34.  

65. Brouwer-Brolsma EM, Feskens EJ, Steegenga WT, de Groot LC. Associations of 25-hydroxyvitamin 

D with fasting glucose, fasting insulin, dementia and depression in European elderly: The SENECA 

study. Eur J Nutr. 2013;52:917-25.  

66. Song BM, Kim HC, Choi DP, Oh SM, Suh I. Association between serum 25-hydroxyvitamin D level 

and insulin resistance in a rural population. Yonsei Med J. 2014;55:1036-41. 

67. Yetley EA. Assessing the vitamin D status of the US population. Am J Clin Nutr. 2008;88:558-64. 

68. Hypponen E, Power C. Hypovitaminosis D in British adults at age 45 year: Nationwide cohort study of 

dietary and lifestyle predictors. Am J Clin Nutr. 2008;85:860-8.  

69. Shantavasinkul PC, Phanachet P, Puchaiwattananon O, Chailurkit LO, Lepananon T, Chanprasertyotin 

S et al. Vitamin D status is a determinant of skeletal muscle mass in obesity according to body fat 

percentage. Nutrition. 2015;31:801-6.  

70. Shi H, Norman AW, Okamura WH, Sen A, Zemel MB. 1α, 25-Dihydroxyvitamin D3 modulates 

human adipocyte metabolism via nongenomic action. FASEB J. 2015;15:2751-3.  

71. Mitri J, Dawson-Hughes B, Hu FB, Pittas AG. Effects of vitamin D and calcium s upplementation on 

pancreatic beta cell function, insulin sensitivity, and glycemia in adults at high risk of diabetes: The 

Calcium and Vitamin D for Diabetes Mellitus (CaDDM) randomized controlled trial. Am J Clin Nutr. 

2011;94:486-94.  

72. Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The effects of calcium and vitamin D 

supplementation on blood glucose and markers of inflammation in nondiabetic adults. Diabetes Care. 

2007;30:980-6. 



13 

73. Brouwer-Brolsma EM, Feskens EJ, Steegenga WT, de Groot LC. Associations of 25-hydroxyvitamin 

D with fasting glucose, fasting insulin, dementia and depression in European elderly: The SENECA 

study. Eur J Nutr. 2013;52:917-25.  

74. Harris SS, Dawson-Hughes B. Reduced sun exposure does not explain the inverse association of 25-

hydroxyvitamin D with percent body fat in older adults. J Clin Endocrinol Metab. 2007;92:3155-7. 

75. Ceglia L, Harris SS. Vitamin D and its role in skeletal muscle. Calcif Tissue Int. 2013;92:151-62. 

76. Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA, Young D et al. Annual high-dose 

oral vitamin D and falls and fractures in older women: a randomized controlled trial. JAMA. 2010;303: 

1815-22. 

77. Landi F, Liperoti R, Russo A, Giovannini S, Tosato M, Capoluongo E et al. Sarcopenia as a risk factor 

for falls in elderly individuals: results from the ilSIRENTE study. Clin Nutr. 2012;31:652-8. 

78. Landi F, Cruz-Jentoft AJ, Liperoti R, Russo A, Giovannini S, Tosato M et al. Sarcopenia and mortality 

risk in frail older persons aged 80 years and older: results from ilSIRENTE study. Age Ageing. 2013; 

42:203-9. 

79. McGreevy C, Williams D. New insights about vitamin D and cardiovascular disease: A narrative 

review. Ann Intern Med. 2011;155:820-6 

  



14 

Table 1. The characteristics of included studies 
 

 
†M: male; F: female; 25(OH)D: 25-Hydroxyvitamin D; HOMA-IR: homeostasis model assessment of insulin resistance; * unit is 
different. 

First author,  
Year 

Country Sample size 
sarcopenia/ 
without 

Mean age 
(years) 

25(OH)D Means 
(ng/mL) 

HOMA-IR 
Means 

Chung et al.  
(2013) 

South Korea 2943 
1248/1695 

60 M: 22.8 
F: 19.8 

M: 2.4 
F: 2.8 

Huo et al. 
(2016) 

Australia 268 
152/116 

79 NO NO 

Kim et al. 
(2014) 

South Korea 2264 
540/1724 

65 NO NO 
 

Lee et al. 
(2013) 

South Korea 1535 
510/1025 

60 NO NO 

Bo et al. 
(2018) 

China 496 
30/30 

60 NO NO 
 

Oh et al. 
(2015) 

South Korea 923 
325/598 

60 NO NO 

Oh et al. 
(2017) 

South Korea 2923 
746/2177 

60 
 

NO NO 
 

Verlaan et al. 
(2017) 

UK 132 
66/66 

71 NO 
 

NO 

Tay et al. 
(2015) 

Singapore 200 
50/150 

65 NO NO 

Hwang et al. 
(2012) 

South Korea 1463 
137/1326 

60 NO NO 

Tajar et al. 
(2013) 
 

UK 
 
 

952 
76/876 
 

60 
 
 

M/F: 62.9 
(nmol/L)* 
 

NO 
 
 

Seo et al. 
(2013) 
 

South Korea 
 

1339 
59/1280 
 

60 
 

 

NO 
 

NO 
 

 
Genaro et al. 
(2015) 
 

Brazil 
 

105 
35/70 
 

70 
 

 

F: 19.7 
 

NO 
 

 
Lyu et al. 
(2018) 
 

South 
Korea 
 

1373 
295/1078 
 

60 
 

 

NO 
 

NO 
 

 
Jung et al. 
(2017) 
 

South 
Korea 
 

435 
138/297 
 

70 
 

 

M/F: 19.46 
 
 

NO 
 
 

Borg MSc et al. 
(2016) 
 

US 
 

227 
53/174 
 

74 
 

 

M/F:66.8 
(nmol/L)* 
 

NO 
 
 

Son et al. 
(2019) 

South Korea 2120 
508/1612 

65 
 

NO 
 

NO 
 

Suriyaarachchi et al. (2018) 
 

Australia 
 

 

189 
75/114 
 

79 
 
 

NO 
 
 

NO 
 
 

Lai et al. 
(2019) 

Italy 77 
38/39 

69.6 M/F: 19.25 M/F: 4.15 
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Figure 1. Flow of study analysis through different phases of the meta-analysis (from January 1, 1989 to Jan 8, 2019) 
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Figure 2. Forest plots of (A) 25(OH)D, (B) Homa-IR in subjects with sarcopenia vs. without sarcopenia. Std diff, standard 
difference; CI, confidence interval; M, male; F, female 
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Figure 3. Forest plots of (A) 25(OH)D, (B)HOMA-IR in subjects with without sarcopenia vs. sarcopenia  


