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Abstract

Hypovitaminosis D is associated with frailty, but if vitamin D supplementation may prevent the 

onset of frailty is poorly known. Therefore, we aimed to investigate whether vitamin D 

supplementation is associated with a lower risk of frailty. In this longitudinal study, 4,421 

individuals at high risk or having knee osteoarthritis free from frailty at baseline (mean age: 61.3, 

females=58.0%) were followed for 8 years. Details regarding vitamin D supplementation were 
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captured by asking whether the participant took vitamin D during the previous year, at least once 

per month. Frailty was defined using the Study of Osteoporotic Fracture (SOF) index as the 

presence of at least two of the following criteria: (i) weight loss ≥5% between baseline and any 

subsequent follow-up visit; (ii) inability to do five chair stands; (iii) low energy level according to 

the SOF definition. Multivariable Cox’s regression analyses, calculating hazard ratios (HRs) with 

95% confidence intervals (CIs), were undertaken. At baseline 69.7% took vitamin D supplements 

in the previous year, with a mean dose of 384±157 IU per day. During the 8-year follow-up, no 

difference in the incidence of frailty was evident by vitamin D supplementation status at baseline, 

even after adjusting for 13 baseline confounders (HR=0.95; 95%CI: 0.72–1.25). Similar results 

were obtained using the propensity score (HR=0.95; 95%CI: 0.71–1.25) or age- and sex-matched 

controls (HR=1.00; 95%CI: 0.75–1.33). In conclusion, vitamin D supplementation was not 

associated with any decreased risk of frailty during eight years of follow-up in a large cohort of 

North American people. Future large-scale trials with high doses of oral vitamin D and longer 

follow-up are needed to confirm/refute our findings.
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INTRODUCTION

Frailty is a measurable clinical syndrome that identifies persons at increased vulnerability to 

stress and who may have treatable conditions1. It has been associated with an increased risk 

of several deleterious outcomes, including disability, falls, hospitalization, 

institutionalization, and death2. It is assumed that early interventions for frailty might 

improve quality of life, reduce adverse outcomes, and associated costs of care3.

The pathophysiology of frailty is complex and multi-factorial. However, nutrition is an 

important factor in its onset and a specific target for treatment4,5. The discovery that a 

variety of tissues can express vitamin D receptors has opened new venues for research 

related to the biological effects of vitamin D, also in terms of its effect on frailty. The 

connection between vitamin D and frailty may be explained by the effect of vitamin D on 

bone health and muscle strength6 or through the association between vitamin D and 

comorbidities7 strongly associated with frailty, such as depression8 and dementia9.

Vitamin D deficiency is generally associated with poor physical performance and some 

literature suggests that it could be predictive of incident mobility disability10. The 

association between low vitamin D status (defined as low serum 25-hydroxyvitamin D 

[25(OH)D]) and frailty has been evaluated in several studies. In a large cross-sectional study 

including 5,000 elderly Americans, Wilhelm-Leen et al. found a significant association 

between low vitamin D status and frailty11. Similarly, many other cross-sectional studies 

reported that low vitamin D is associated with frailty12–14. However, there is less 

longitudinal data suggesting that poor vitamin D status is associated with an increased risk 

of developing frailty and the data are equivocal. For example, in a prospective study 

including elderly women, subjects with lower serum vitamin D levels at baseline had a 
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higher risk of becoming frail during 4.5 years of follow-up15. Similar findings were also 

reported in elderly men14. Conversely, Schöttker et al. found no association in another 

longitudinal study, suggesting that low serum 25(OH)D levels are probably more likely to be 

an useful biomarker of poor health in the elderly than a cause16. Finally, a recent systematic 

review with meta-analysis found that people having low serum 25(OH)D levels had an 

increased odds of frailty17. Interventional studies have investigated the effect of vitamin D 

supplementation on muscle function, finding, again, controversial results. Some of them 

reported a benefit of vitamin D supplementation on muscular strength and performance18–20, 

while others did not report such an effect21,22. However, to the best of our knowledge, no 

previous study has investigated the potential relationship between vitamin D 

supplementation and frailty development.

Given this background, the aim of the present study was to investigate the association 

between vitamin D oral supplementation at baseline and the onset of frailty in a large cohort 

of North American people, over a follow-up of 8 years. Since previous literature has 

reported that vitamin D supplementation is effective in improving muscle strength and 

performance, we hypothesized that subjects who take oral supplementation will be at lower 

risk of frailty development over time.

METHODS

Data source and subjects

Data were obtained from the Osteoarthritis Initiative (OAI) database, available for public 

access at http://www.oai.ucsf.edu/. The specific datasets utilized were registered during the 

baseline and screening evaluations (V00) and each database reporting data on frailty until 96 

months from baseline (V10). Patients at high risk of knee OA were recruited at four clinical 

centers in the USA (Baltimore, MD; Pittsburgh, PA; Pawtucket, RI; and Columbus, OH) 

between February 2004 and May 2006. For this study, the specific exclusion criteria were: 

presence of rheumatoid arthritis, bilateral total knee joint replacement or plans to in the next 

3 years, unable to undergo a magnetic resonance investigation, positive pregnancy test, 

unable to provide a blood sample for any reason, use of ambulatory aids for walking, co-

morbid conditions that can interfere with the study’s outcomes, unlikely to reside in the 

clinic area for at least 3 years, unwilling to sign an informed consent. All the participants 

provided written informed consent. The OAI study protocol was approved by the 

institutional review board of the OAI Coordinating Center, University of California at San 

Francisco.

Baseline vitamin D supplementation (exposure)

A specific questionnaire investigating the name of the prescription medicine or nutritional 

supplementation, duration of use, formulation code in the 30 days before the interview was 

used. A trained interviewer asked whether the participant had taken any vitamins or minerals 

regularly, at least once per month, during the previous year. A similar question was used 

during the follow-up controls, i.e. at visits 3, 5, 6, 8, and 10 and included in the analysis as 

time dependent variable. Vitamin D supplementation was also categorized in terms of daily 

consumption (<200 international units (IU), 200–400 IU, and 400–600 IU per day).
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Incident frailty (outcome)

The study’s outcome of interest was incident frailty. Frailty was assessed as outcome at 

wave 1, 3, 5, 6, 8 and 10. In accordance with the Study of Osteoporotic Fracture (SOF) 

index23–25, frailty was defined as the presence of at least 2 of the following 3 criteria: (i) 

weight loss ≥5% taking place between baseline and any follow-up examination (since no 

information regarding weight changes were available at baseline, we considered those with a 

body mass index (BMI) <20 Kg/m2 to fulfill this criteria only for baseline); (ii) the inability 

to rise from a chair five times without arm support (hereafter referred to as inability to carry 

out chair stands); and (iii) poor energy based on the SF12 questionnaire. Specifically, a 

response of “little at a time” or “none at a time” to the question “in the past 4 weeks, did you 

feel full of energy?”

Covariates

Other than the number frailty criteria at baseline (categorized as one vs. none), we identified 

several potential confounders at baseline in the association between vitamin D 

supplementation and frailty including BMI (measured by a trained nurse); physical activity 

evaluated using the Physical Activity Scale for the Elderly (PASE)26; depressive symptoms 

evaluated through the Center for Epidemiologic Studies Depression Scale27; race (Caucasian 

vs. others); smoking habits (actual/previous vs. never smokers); educational level (college 

degree vs. below) and yearly income (< or ≥ $50,000 or missing data). Validated general 

health measures of self-reported comorbidities (heart attack, heart failure, peripheral artery 

disease, stroke, asthma, chronic obstructive pulmonary disease, peptic ulcer, diabetes, poor 

kidney function, polymyalgia rheumatica, cirrhosis, cancer) were assessed using the 

modified Charlson comorbidity score.28 Since nutritional parameters could also be of 

importance to assess the association between vitamin D supplementation and incident 

frailty29, we also included as covariates the daily calorie and vitamin D intake from foods.

Statistical analyses

Normal distributions of continuous variables were tested using the Kolmogorov-Smirnov 

test. Data are shown as means±standard deviations (SD) for quantitative measures, and 

percentages for all discrete variables. The difference in baseline characteristics between 

those with and without vitamin D supplementation was tested by the independent T-test for 

continuous variables and Chi-square test for categorical ones.

Cox’s regression analysis was used to assess the strength of the association between vitamin 

D supplementation at baseline and the onset of frailty during follow-up. Factors significantly 

different between those consuming vitamin D or not (considering a p-value<0.10) or 

significantly associated with incident frailty at univariate analysis (p-value<0.05) were 

included. Multi-collinearity among covariates was assessed using the variance inflation 

factor (VIF), with a score of 2 leading to the exclusion of a variable, but no parameter was 

excluded for this reason. The compliance between baseline and follow-up visits (3, 5, 6, 8, 

and 10) was also ascertained through the same questionnaire of the baseline.

The basic model was adjusted for age and sex. In the fully-adjusted model the variables used 

were: age (as continuous); sex; race (Caucasian vs. others); BMI (as continuous); education 
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(college degree vs. below); smoking habits (current and previous smokers vs. others); yearly 

income (categorized as ≥ or < 50,000$ and missing data); Physical Activity Scale for Elderly 

score (as continuous); Charlson co-morbidity index (as continuous); Center for 

Epidemiologic Studies Depression Scale (as continuous); number of frailty indexes at 

baseline (one vs. none); total energy intake (in Kcal/day); vitamin D intake from foods (in 

international units/day). The proportional hazard assumption was verified considering 

Schoenfeld’s residuals of the covariates30. Cox’s regression analysis estimates were reported 

as hazard ratios (HRs) with 95% confidence intervals (CIs). A similar analysis was run using 

vitamin D supplementation categorized as <200, 200–400, >400 IU/day with those not 

taking any vitamin D supplements as the reference. Finally, we also assessed the relationship 

between total daily vitamin D intake (supplementation and diet) and the onset of frailty 

during follow-up. The interaction between vitamin D supplementation at baseline and 

selected baseline factors in the association with frailty was also investigated. These factors 

included age (<65 vs. ≥65 years), BMI [overweight/obese (BMI≥25kg/m2) vs. normal 

weight (BMI 18.5–24.9kg/m2)], yearly income, gender, race, education, smoking habits, 

yearly income, number of frailty index (one vs. none), and presence vs. people at high risk 

of knee osteoarthritis.

Finally, in order to assess the robustness of our findings, we conducted further analyses 

using the propensity score31 which was estimated by using a logistic regression model 

regressing baseline vitamin D supplementation use on the above-mentioned baseline 

covariates. We also conducted a case-control investigation where 1,300 participants taking 

vitamin D supplements were compared with 1,300 sex- and age-matched controls not taking 

vitamin D supplements. The covariate balance for the treated and matched control groups 

was tested by Student’s independent t-tests and Chi-squared tests for continuous and 

categorical variables, respectively. Multivariable Cox regression analysis adjusting for the 

propensity score using the overall sample, and an analysis (adjusted for all the covariates 

included in the fully-adjusted model) using the matched controls were conducted to assess 

the association between vitamin D supplementation and incident frailty.

All the analyses were performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, 

Illinois). All statistical tests were two-tailed and statistical significance was assumed for a p-

value <0.05.

RESULTS

Sample selection

The OAI dataset initially included a total of 4,796 North American participants. Twenty-two 

participants were excluded since they were already frail at baseline. Another 353 were 

excluded since they did not provide data regarding incident frailty. Thus, 4,421 participants 

constituted the final sample.

Descriptive characteristics

Of the 4,421 participants, 1,857 were males and 2,564 females. The mean age across the 

entire sample was 61.3 years (±9.2 years; range: 45–79). As shown in Table 1, more than 
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two thirds of the participants (69.7%) took vitamin D supplements in the previous year, with 

a mean dose of 384±157 IU per day (range: 57–600 IU/day). The mean total daily vitamin D 

consumption (supplementation and diet) was 143±108 IU (range: 3–1286 IU).

Table 1 shows the participants’ characteristics by vitamin D supplementation status. The 

3,083 participants taking vitamin D supplements were significantly more likely to be older, 

females, and Caucasian (p<0.0001 for all comparisons). Those taking vitamin D 

supplements were significantly leaner (p<0.0001) with less depressive symptoms 

(p<0.0001), whilst they did not differ in terms of presence of co-morbidities (p=0.69). 

Regarding nutritional items, people taking vitamin D supplements had a significant lower 

total energy intake (p<0.0001), but a higher intake of vitamin D from foods (p=0.003) (Table 

1). Regarding frailty items at baseline, we observed that people taking vitamin D 

supplements had a marginally significant higher prevalence of poor physical performance 

(2.5 vs. 1.6%, p=0.05), but no differences emerged in terms of poor chair stands time 

(p=0.09) or weight loss (p=0.34) (Table 1).

Vitamin D supplementation and incident frailty

During the 8-year follow-up, 362 subjects (8.2% of the baseline population) developed 

frailty corresponding to a global incidence rate of 12 (95%CI: 10–13)/1,000 persons-year. 

Among the singular criteria, the most frequent was poor chair stands time (n=780, 17.6%), 

followed by poor physical performance (n=503, 11.4%) and weight loss (n=19, 0.4%). The 

incidence of new cases of frailty was similar between people taking vitamin D 

supplementation at baseline (cumulative: 254/3,083=8.2%; incidence rate: 11/1,000 persons-

year; 95%CI: 10–13) and those not (cumulative: 108/1,338=8.1%; incidence rate: 12/1,000 

persons-year; 95%CI: 10–14) (p=0.84).

Table 2 shows the association between vitamin D supplementation at baseline and incident 

frailty at follow-up. Taking no vitamin D supplementation at baseline as the reference, and 

after adjusting for 13 potential baseline confounders, the supplementation of vitamin D was 

not associated with any reduced risk of incident frailty during follow-up (HR=0.95; 95%CI: 

0.72–1.25; p=0.70). No interaction was observed between vitamin D supplementation and 

any of the selected confounders considered. We further divided the amount of vitamin D 

consumption via supplements into three categories to assess whether higher doses are 

protective of frailty. However, taking people without vitamin D supplementation as the 

reference, no significant associations were observed with increasing doses of vitamin D 

[fully-adjusted HR for those consuming <200 IU/daily (669 participants; 1.08; 95%CI: 

0.78–1.51; p=0.64); 200–400 IU (1571 participants; 0.97; 95%CI: 0.74–1.27; p=0.83); >400 

IU (843 participants; 1.20; 95%CI: 0.88–1.64; p=0.26)] (data reported only in text). Finally, 

we assessed whether total vitamin D intake (supplementation and diet) could predict the 

onset of frailty during follow-up. Each increase in 200 IU in total vitamin D intake was, 

however, not associated with any reduced risk of frailty (HR=1.03; 95%CI: 0.66–1.60; 

p=0.91) also in terms of the comparison between the highest vs. the lowest groups 

(HR=1.01; 95%CI: 0.68–1.74; p=0.42) (data shown only in text). Finally, comparing the 696 

participants taking 600 IU/day vs. the other participants did not significantly change our 

results (HR=1.36; 95%CI: 0.95–1.80; p=0.28).
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In Table 2, we also report other secondary analyses to further assess potential confounding 

in the relationship between vitamin D supplementation at baseline and incident frailty. Using 

a cohort of 1,300 people taking vitamin D supplements matched for age and sex with 1,300 

controls, the fully-adjusted HR was 1.00 (95%CI: 0.75–1.33; p=0.99). Similar results were 

evident using the propensity score (HR=0.95; 95%CI: 0.71–1.25; p=0.69) (Table 2).

DISCUSSION

In the present study involving a large number of persons living in North America, we found 

that vitamin D oral supplementation is not associated with a reduction of incident frailty 

over eight years of follow-up. This non-significant finding remained unaltered after 

adjustment for potential confounders, the use of a matched control, or propensity score 

adjustment.

At baseline, people taking vitamin D oral supplements were significantly older and more 

frequently women than those not taking vitamin D. Moreover, people taking vitamin D 

presented a lower BMI and calorie intake. All these factors might, however, increase (and 

not decrease) the risk of frailty. These findings were expected, as vitamin D supplementation 

is known to be more common in older women than men or younger subjects32–34, primarily 

for a high prevalence of low vitamin D status35 and clinical conditions such as osteopenia or 

osteoporosis in the postmenopausal period36. The finding that persons with higher BMI had 

a lower percentage of vitamin D oral supplementation is probably also related to their higher 

bone mineral density values. The protective effects of higher BMI may result from increased 

chronic strain on the bones and an increased production of estrogens from larger stores of 

adipose tissue37, with consequent higher bone mass index38. Persons taking vitamin D 

supplements also had poorer physical performance at baseline. Known low vitamin D status, 

a possible marker of poor health in general7, may have prompted these individuals to take 

vitamin D supplements. We addressed potential confounding by these factors using several 

methods including the use of age- and sex- matching and the propensity score39, but the 

association between vitamin D supplementation and frailty remained non-significant.

To the best of our knowledge, this is the first study on the association between vitamin D 

supplementation and frailty development. Our findings were somewhat unexpected 

considered the findings from previous studies on vitamin D supplementation and physical 

performance. For example, Zhu et al. reported a positive association between low vitamin D 

status or vitamin D supplementation for one year and muscle strength in older women19. 

However, in this study, the subjects received a large amount of vitamin D (1000 IU/day). 

Moreover, the benefits were limited to those women who were the weakest and slowest at 

baseline19. Similarly, an Asian study in elderly women demonstrated a positive effect of 

weekly vitamin D supplementation on quadriceps strength during 3 to 6 months of follow-

up. In this study, however, only old women with low vitamin D status (25(OH)D <30 ng/ml) 

were enrolled18. Even in a group of elderly institutionalized elderly patients, an oral 

supplementation of 3600 IU/day of vitamin D for 6-month improved muscle strength in 

lower limbs40. Moreover, a daily supplementation of 1000 IU/d of vitamin D for 9 months 

has been shown to be a protective factor against the occurrence of sarcopenia, with an 

important increase in muscle strength and control of the progressive loss of lean mass in a 
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group of Brazilian postmenopausal women41. Finally, one meta-analysis including only 

RCTs on vitamin D supplementation found that vitamin D supplementation significantly 

increases upper and lower limb strength in younger people compared to placebo42, whilst a 

more recent work found no improvement in muscle strength after the administration of 

vitamin D with or without calcium supplements in older participants43.

We can argue that, even if these trials advanced our knowledge regarding the impact of 

vitamin D oral supplementation and physical performance, the short follow-up (less than one 

year) could influence the results of these interventional studies. An explanation for our 

discrepant findings could be related to the higher dose of vitamin supplementation used in 

these trials and the fact that the majority of the subjects enrolled had a defined low vitamin 

D status44 or were already frail at baseline. In fact, other studies on vitamin D 

supplementation and muscular function agree with our results. Kenny et al. found no 

improvement in physical performance, muscle strength or health perception in a group of old 

healthy man taking a daily supplementation of 1000 IU of cholecalciferol22. Likewise, in a 

Dutch study in old women, a dose of oral vitamin D supplementation similar to our study 

(400 UI/day), did not significantly improve strength or mobility. The authors concluded that 

maybe this amount of supplementation was not enough to achieve the targets.45

The present findings should be considered within the limitations of the study. First, we had 

no data about vitamin D status evaluated through serum 25(OH)D levels. Thus, it was not 

possible to elucidate a possible effect on frailty development when restricted to people with 

insufficient serum levels of 25OH vitamin D at baseline. Second, in the group of subjects 

taking oral vitamin D supplementation, the mean amount of vitamin D taken was only 384 

IU/d, which was probably not enough to achieve the target, considering that previously 

reported interventional studies administered supplementations of 1000 IU/d or above. 

However, in contrast to RCT settings, our study represents the findings of a real-world 

population. Finally, we used a slightly different definition of frailty at baseline with respect 

to the one used at the follow-up as far as weight loss was concerned. Using that definition, 

only 20 participants were considered frail at baseline. Unfortunately, no data regarding 

weight changes were available in the OAI at baseline and it is possible that some frail 

individuals at baseline were included in our analysis.

In conclusion, the oral supplementation of vitamin D was not associated with decreased risk 

of frailty during eight years of follow-up in a large cohort of North American people. 

Despite our results, future studies taking incident frailty as outcome are warranted to assess 

whether vitamin D supplementation could be associated with a lower incidence of frailty 

over time.

Acknowledgments

Founding source: The OAI is a public-private partnership comprised of five contracts (N01-AR-2-2258; N01-
AR-2-2259; N01-AR-2-2260; N01-AR-2-2261; N01-AR-2-2262) funded by the National Institutes of Health, a 
branch of the Department of Health and Human Services, and conducted by the OAI Study Investigators. Private 
funding partners include Merck Research Laboratories; Novartis Pharmaceuticals Corporation, GlaxoSmithKline; 
and Pfizer, Inc. Private sector funding for the OAI is managed by the Foundation for the National Institutes of 
Health. This manuscript was prepared using an OAI public use data set and does not necessarily reflect the opinions 
or views of the OAI investigators, the NIH, or the private funding partners.

Bolzetta et al. Page 8

Exp Gerontol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sponsor’s role: the sponsors had no role in designing the study, in patient recruitment, data collection/analysis or in 
drafting the manuscript.

References

1. Morley JE. Frailty and Sarcopenia: The New Geriatric Giants. Revista de investigacion clinica; 
organo del Hospital de Enfermedades de la Nutricion. 2016; 68(2):59–67. [PubMed: 27103041] 

2. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet (London, 
England). 2013; 381(9868):752–762.

3. Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: a call to action. Journal of the American 
Medical Directors Association. 2013; 14(6):392–397. [PubMed: 23764209] 

4. Artaza-Artabe I, Saez-Lopez P, Sanchez-Hernandez N, Fernandez-Gutierrez N, Malafarina V. The 
relationship between nutrition and frailty: Effects of protein intake, nutritional supplementation, 
vitamin D and exercise on muscle metabolism in the elderly. A systematic review. Maturitas. 2016; 
93:89–99. [PubMed: 27125943] 

5. Sacha J, Sacha M, Sobon J, Borysiuk Z, Feusette P. Is It Time to Begin a Public Campaign 
Concerning Frailty and Pre-frailty? A Review Article. Frontiers in physiology. 2017; 8:484. 
[PubMed: 28744225] 

6. Bonnefoy M, Berrut G, Lesourd B, et al. Frailty and nutrition: searching for evidence. The journal of 
nutrition, health & aging. 2015; 19(3):250–257.

7. Theodoratou E, Tzoulaki I, Zgaga L, Ioannidis JPA. Vitamin D and multiple health outcomes: 
umbrella review of systematic reviews and meta-analyses of observational studies and randomised 
trials. BMJ : British Medical Journal. 2014; 348

8. Soysal P, Veronese N, Thompson T, et al. Relationship between depression and frailty in older 
adults: A systematic review and meta-analysis. Ageing research reviews. 2017; 36:78–87. [PubMed: 
28366616] 

9. Brigola AG, Rossetti ES, dos Santos BR, et al. Relationship between cognition and frailty in elderly. 
Dementia & Neuropsychologia. 2015; 9(2):110–119. [PubMed: 29213952] 

10. Houston DK, Neiberg RH, Tooze JA, et al. Low 25-hydroxyvitamin D predicts the onset of 
mobility limitation and disability in community-dwelling older adults: the Health ABC Study. The 
journals of gerontology Series A, Biological sciences and medical sciences. 2013; 68(2):181–187.

11. Wilhelm-Leen ER, Hall YN, Deboer IH, Chertow GM. Vitamin D deficiency and frailty in older 
Americans. Journal of internal medicine. 2010; 268(2):171–180. [PubMed: 20528970] 

12. Hirani V, Naganathan V, Cumming RG, et al. Associations between frailty and serum 25-
hydroxyvitamin D and 1,25-dihydroxyvitamin D concentrations in older Australian men: the 
Concord Health and Ageing in Men Project. The journals of gerontology Series A, Biological 
sciences and medical sciences. 2013; 68(9):1112–1121.

13. Smit E, Crespo CJ, Michael Y, et al. The effect of vitamin D and frailty on mortality among non-
institutionalized US older adults. European journal of clinical nutrition. 2012; 66(9):1024–1028. 
[PubMed: 22692022] 

14. Wong YY, McCaul KA, Yeap BB, Hankey GJ, Flicker L. Low vitamin D status is an independent 
predictor of increased frailty and all-cause mortality in older men: the Health in Men Study. The 
Journal of clinical endocrinology and metabolism. 2013; 98(9):3821–3828. [PubMed: 23788685] 

15. Ensrud KE, Ewing SK, Fredman L, et al. Circulating 25-hydroxyvitamin D levels and frailty status 
in older women. The Journal of clinical endocrinology and metabolism. 2010; 95(12):5266–5273. 
[PubMed: 21131545] 

16. Schottker B, Saum KU, Perna L, Ordonez-Mena JM, Holleczek B, Brenner H. Is vitamin D 
deficiency a cause of increased morbidity and mortality at older age or simply an indicator of poor 
health? European journal of epidemiology. 2014; 29(3):199–210. [PubMed: 24682834] 

17. Zhou J, Huang P, Liu P, et al. Association of vitamin D deficiency and frailty: A systematic review 
and meta-analysis. Maturitas. 2016; 94:70–76. [PubMed: 27823748] 

18. Songpatanasilp T, Chailurkit LO, Nichachotsalid A, Chantarasorn M. Combination of alfacalcidol 
with calcium can improve quadriceps muscle strength in elderly ambulatory Thai women who 

Bolzetta et al. Page 9

Exp Gerontol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have hypovitaminosis D: a randomized controlled trial. Journal of the Medical Association of 
Thailand = Chotmaihet thangphaet. 2009; 92(Suppl5):S30–41.

19. Zhu K, Austin N, Devine A, Bruce D, Prince RL. A randomized controlled trial of the effects of 
vitamin D on muscle strength and mobility in older women with vitamin D insufficiency. Journal 
of the American Geriatrics Society. 2010; 58(11):2063–2068. [PubMed: 21054285] 

20. Gupta R, Sharma U, Gupta N, et al. Effect of cholecalciferol and calcium supplementation on 
muscle strength and energy metabolism in vitamin D-deficient Asian Indians: a randomized, 
controlled trial. Clinical endocrinology. 2010; 73(4):445–451. [PubMed: 20455886] 

21. Lips P, Binkley N, Pfeifer M, et al. Once-weekly dose of 8400 IU vitamin D(3) compared with 
placebo: effects on neuromuscular function and tolerability in older adults with vitamin D 
insufficiency. The American journal of clinical nutrition. 2010; 91(4):985–991. [PubMed: 
20130093] 

22. Kenny AM, Biskup B, Robbins B, Marcella G, Burleson JA. Effects of vitamin D supplementation 
on strength, physical function, and health perception in older, community-dwelling men. Journal 
of the American Geriatrics Society. 2003; 51(12):1762–1767. [PubMed: 14687355] 

23. Ensrud KE, Ewing SK, Taylor BC, et al. Frailty and risk of falls, fracture, and mortality in older 
women: the study of osteoporotic fractures. The journals of gerontology Series A, Biological 
sciences and medical sciences. 2007; 62(7):744–751.

24. Misra D, Felson DT, Silliman RA, et al. Knee osteoarthritis and frailty: findings from the 
Multicenter Osteoarthritis Study and Osteoarthritis Initiative. The journals of gerontology Series 
A, Biological sciences and medical sciences. 2015; 70(3):339–344.

25. Veronese N, Stubbs B, Noale M, et al. Polypharmacy Is Associated With Higher Frailty Risk in 
Older People: An 8-Year Longitudinal Cohort Study. Journal of the American Medical Directors 
Association. 2017

26. Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The physical activity scale for the 
elderly (PASE): evidence for validity. Journal of clinical epidemiology. 1999; 52(7):643–651. 
[PubMed: 10391658] 

27. Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the General 
Population. Applied Psychological Measurement. 1977; 1(3):385–401.

28. Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by 
questionnaire rather than medical record review? Medical care. 1996; 34(1):73–84. [PubMed: 
8551813] 

29. Artaza-Artabe I, Sáez-López P, Sánchez-Hernández N, Fernández-Gutierrez N, Malafarina V. The 
relationship between nutrition and frailty: Effects of protein intake, nutritional supplementation, 
vitamin D and exercise on muscle metabolism in the elderly. A systematic review. Maturitas. 2016

30. Grambsch PM, Therneau TM. Proportional hazards tests and diagnostics based on weighted 
residuals. Biometrika. 1994; 81(3):515–526.

31. Haukoos JS, Lewis RJ. The Propensity Score. Jama. 2015; 314(15):1637–1638. [PubMed: 
26501539] 

32. Orwoll E, Nielson CM, Marshall LM, et al. Vitamin D deficiency in older men. The Journal of 
clinical endocrinology and metabolism. 2009; 94(4):1214–1222. [PubMed: 19174492] 

33. Bassuk SS, Manson JE, Lee IM, et al. Baseline characteristics of participants in the VITamin D and 
OmegA-3 TriaL (VITAL). Contemporary clinical trials. 2016; 47:235–243. [PubMed: 26767629] 

34. Shakur YA, Tarasuk V, Corey P, O'Connor DL. A comparison of micronutrient inadequacy and risk 
of high micronutrient intakes among vitamin and mineral supplement users and nonusers in 
Canada. J Nutr. 2012; 142(3):534–540. [PubMed: 22298574] 

35. Gill TK, Hill CL, Shanahan EM, et al. Vitamin D levels in an Australian population. BMC Public 
Health. 2014; 14:1001. [PubMed: 25256413] 

36. Wright NC, Looker AC, Saag KG, et al. The recent prevalence of osteoporosis and low bone mass 
in the United States based on bone mineral density at the femoral neck or lumbar spine. Journal of 
bone and mineral research : the official journal of the American Society for Bone and Mineral 
Research. 2014; 29(11):2520–2526.

Bolzetta et al. Page 10

Exp Gerontol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Armstrong ME, Spencer EA, Cairns BJ, et al. Body mass index and physical activity in relation to 
the incidence of hip fracture in postmenopausal women. Journal of bone and mineral research : the 
official journal of the American Society for Bone and Mineral Research. 2011; 26(6):1330–1338.

38. El Maghraoui A, Sadni S, El Maataoui A, et al. Influence of obesity on vertebral fracture 
prevalence and vitamin D status in postmenopausal women. Nutrition & metabolism. 2015; 12:44. 
[PubMed: 26583038] 

39. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding 
in Observational Studies. Multivariate Behavioral Research. 2011; 46(3):399–424. [PubMed: 
21818162] 

40. Moreira-Pfrimer LD, Pedrosa MA, Teixeira L, Lazaretti-Castro M. Treatment of vitamin D 
deficiency increases lower limb muscle strength in institutionalized older people independently of 
regular physical activity: a randomized double-blind controlled trial. Annals of nutrition & 
metabolism. 2009; 54(4):291–300. [PubMed: 19729890] 

41. Cangussu LM, Nahas-Neto J, Orsatti CL, Bueloni-Dias FN, Nahas EA. Effect of vitamin D 
supplementation alone on muscle function in postmenopausal women: a randomized, double-blind, 
placebo-controlled clinical trial. Osteoporosis international : a journal established as result of 
cooperation between the European Foundation for Osteoporosis and the National Osteoporosis 
Foundation of the USA. 2015; 26(10):2413–2421.

42. Tomlinson PB, Joseph C, Angioi M. Effects of vitamin D supplementation on upper and lower 
body muscle strength levels in healthy individuals. A systematic review with meta-analysis. 
Journal of science and medicine in sport. 2015; 18(5):575–580. [PubMed: 25156880] 

43. Rosendahl-Riise H, Spielau U, Ranhoff AH, Gudbrandsen OA, Dierkes J. Vitamin D 
supplementation and its influence on muscle strength and mobility in community-dwelling older 
persons: a systematic review and meta-analysis. Journal of human nutrition and dietetics : the 
official journal of the British Dietetic Association. 2017; 30(1):3–15. [PubMed: 27460044] 

44. Stockton KA, Mengersen K, Paratz JD, Kandiah D, Bennell KL. Effect of vitamin D 
supplementation on muscle strength: a systematic review and meta-analysis. Osteoporosis 
international : a journal established as result of cooperation between the European Foundation for 
Osteoporosis and the National Osteoporosis Foundation of the USA. 2011; 22(3):859–871.

45. Janssen HCJP, Samson MM, Verhaar HJJ. Muscle strength and mobility in vitamin D-insufficient 
female geriatric patients: a randomized controlled trial on vitamin D and calcium supplementation. 
Aging Clinical and Experimental Research. 2010; 22(1):78–84. [PubMed: 20305368] 

Bolzetta et al. Page 11

Exp Gerontol. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



• Vitamin D seems to be beneficial for muscular performance in older people.

• The data regarding frailty are still limited.

• In our study, vitamin D supplementation did not reduce the risk of frailty.

• Future RCTs with this aim are needed.
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Table 1

Characteristics of the participants according to baseline vitamin D supplementation status.

Vitamin D
supplementation

(n=3083)

No vitamin D
supplementation

(n=1338)

p-valuea

General characteristics

Age (years) 62.1 (9.1) 59.5 (9.2) <0.0001

Females (n, %) 1970 (63.9) 594 (44.4) <0.0001

PASE (points) 159.9 (82.0) 163.4 (83.0) 0.20

Caucasian race (n, %) 2592 (84.1) 961 (71.9) <0.0001

Smoking (previous/current) (n, %) 1420 (46.3) 657 (49.3) 0.07

College degree (n, %) 962 (31.2) 384 (28.8) 0.11

Yearly income (≥ $50,000) 1842 (59.7) 775 (57.9) 0.26

Medical conditions

BMI (Kg/m2) 28.3 (4.7) 29.4 (4.9) <0.0001

CES-D (points) 6.2 (6.4) 7.3 (7.8) <0.0001

Charlson co-morbidity index (points) 0.4 (0.8) 0.4 (0.9) 0.69

Nutritional items

Total energy intake (Kcal/day) 1391 (544) 1466 (617) <0.0001

Vitamin D (from supplementation) (IU/day) 384 (157) - -

Vitamin D (from foods) (IU/day) 145 (110) 134 (104) 0.003

Frailty items

Poor physical performance (n, %) 78 (2.5) 21 (1.6) 0.05

Poor chair stands time (n, %) 325 (10.5) 165 (12.3) 0.09

Weight loss (n, %) 25 (0.8) 7 (0.5) 0.34

Notes: The data are presented as means (with standard deviations) for continuous variables and number (with percentage).

a
P values were calculated using the independent T-test for continuous variables and Chi-square test for categorical ones.

Abbreviations: CES-D: Center for Epidemiologic Studies Depression Scale; PASE: Physical Activity Scale for the Elderly; BMI: body mass 
index; IU: international units.

Exp Gerontol. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bolzetta et al. Page 14

Table 2

Multivariable proportional hazard regression models on the effect of vitamin D supplementation at baseline on 

incident frailty.

HR 95% CI p - value

Without matching

No vitamin D supplementation 1

Vitamin D supplementation (basic model) 0.85 0.67–1.07 0.17

Vitamin D supplementation (fully-adjusted model) 0.95 0.72–1.25 0.70

Age and sex matched controls

No vitamin D supplementation 1

Vitamin D supplementation (basic model) - - -

Vitamin D supplementation (fully-adjusted model) 1.00 0.75–1.33 0.99

With propensity score matching

No vitamin D supplementation 1

Vitamin D supplementation (basic model) -

Vitamin D supplementation (fully-adjusted model) 0.95 0.71–1.25 0.69

Abbreviations: HR: hazard ratio; CI: confidence interval.

Basic model includes age (as continuous) and sex.

Fully adjusted model included as covariates: age (as continuous); sex; race (caucasian vs. others); body mass index (as continuous); education 
(college degree vs. others); smoking habits (current and previous smokers vs. others); yearly income (categorized as ≥ or < 50,000$ and missing 
data); Physical Activity Scale for Elderly score (as continuous); Charlson co-morbidity index; Center for Epidemiologic Studies Depression Scale 
(as continuous); number of frailty indexes at baseline (one vs. none); total energy intake (in Kcal/day); vitamin D intake from foods (in 
international units/day).
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