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Abstract
Background—Vitamin D status has been hypothesized to play a role in musculoskeletal function.
Using data from the InCHIANTI study, we examined the association between vitamin D status and
physical performance.

Methods—A representative sample of 976 persons aged 65 years or older at study baseline were
included. Physical performance was assessed using a short physical performance battery (SPPB) and
handgrip strength. Multiple linear regression was used to examine the association between vitamin
D (serum 25OHD), parathyroid hormone (PTH), and physical performance adjusting for
sociodemographic variables, behavioral characteristics, body mass index, season, cognition, health
conditions, creatinine, hemoglobin, and albumin.

Results—Approximately 28.8% of women and 13.6% of men had vitamin D levels indicative of
deficiency (serum 25OHD < 25.0 nmol/L) and 74.9% of women and 51.0% of men had vitamin D
levels indicative of vitamin D insufficiency (serum 25OHD < 50.0 nmol/L). Vitamin D levels were
significantly associated with SPPB score in men (β coefficient [standard error (SE)]: 0.38 [0.18], p
= .04) and handgrip strength in men (2.44 [0.84], p = .004) and women (1.33 [0.53], p =.01). Men
and women with serum 25OHD < 25.0 nmol/L had significantly lower SPPB scores whereas those
with serum 25OHD < 50 nmol/L had significantly lower handgrip strength than those with serum
25OHD ≥25 and ≥50 nmol/L, respectively (p < .05). PTH was significantly associated with handgrip
strength only (p = .01).

Conclusions—Vitamin D status was inversely associated with poor physical performance. Given
the high prevalence of vitamin D deficiency in older populations, additional studies examining the
association between vitamin D status and physical function are needed.

With a growing older population, there is an increasing need to identify potentially modifiable
risk factors for the onset of disability. In the past two decades, it has become evident that the
role of vitamin D extends beyond calcium homeostasis and includes modulation of skeletal
and cardiac muscle function, immune cell function, and anticancer activity (1). Within the
muscle cell, vitamin D plays an important role in the regulation of calcium transport and protein
synthesis (2,3). In older adults, low serum vitamin D (serum 25OHD) levels have been
associated with muscle weakness, poor physical performance, balance problems, and falls,
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although findings from different studies are somewhat inconsistent (4–11). Thus, vitamin D
deficiency may not only affect the onset of chronic conditions, which are frequent causes of
disability, but may also directly affect functional status through vitamin D’s role in muscle
function.

Consensus to define a cut-point for vitamin D insufficiency based on serum 25OHD levels is
lacking. Various cut-points have been proposed based on population-based reference limits or
biological indices, such as parathyroid hormone (PTH), calcium absorption, or bone mineral
density, with cut-points for serum 25OHD insufficiency ranging from 50 to 80 nmol/L (12–
14). Regardless, low levels of serum 25OHD are common in older populations with wide
variability in prevalence depending on geographic location, season, and the cut-points used to
define insufficiency and/or deficiency (15–19). Older adults are at risk for low serum 25OHD
because of reduced exposure to ultraviolet B (UVB) radiation and reduced efficiency of
previtamin D synthesis in the skin (20). Dietary intake of vitamin D is also often inadequate,
as there are few natural food sources of vitamin D (16).

Low serum 25OHD may also indirectly affect muscle function via hyperparathyroidism
secondary to vitamin D deficiency (17). Primary hyperparathyroidism is characterized by
muscle weakness that is improved by treatment (21,22). It has been demonstrated that
administration of PTH negatively affects skeletal muscle function in animal models (2,3,17).
PTH has also been shown to induce the production of serum interleukin-6 (IL-6) (23).
Observational studies have shown that elevated IL-6 levels are associated with lower muscle
strength and poor physical performance (24,25). However, few studies have examined the joint
effect of vitamin D and PTH on physical performance (9,10).

The objective of this study was to examine the associations between vitamin D status and
physical performance using data from the InCHIANTI study. Comparisons between different
serum 25OHD cut-points and physical performance were examined. Additionally, the
association between PTH and physical performance and the role of PTH as a potential mediator
in the association between serum 25OHD and physical performance was examined.

Methods
Study Population

Data for this analysis are from the InCHIANTI study, a prospective population-based study of
the factors contributing to the decline of mobility in late life. The study population included
1155 participants aged 65–102 years who were randomly selected using a multistage stratified
sampling method from two towns in the Chianti geographic area of Italy (Greve in Chianti and
Bagno a Ripoli, Tuscany, Italy). Data were collected from September 1998 through March
2000. The sampling procedures and data collection methods have been described elsewhere
(26). The Italian National Research Council of Aging Ethical Committee approved the study
protocol, and participants provided written informed consent.

Physical Performance Measures
A short physical performance battery (SPPB) based on the lower-extremity performance tests
used in the Established Populations for the Epidemiologic Studies of the Elderly (EPESE)
(27) was used to summarize physical performance. The SPPB consisted of walking speed,
ability to stand from a chair, and ability to maintain balance in progressively more challenging
positions. Walking speed was defined as the best performance (time in seconds) of two 4 m
walks at usual pace along a corridor. Participants were allowed to use canes or walkers. To test
the ability to stand from a chair, participants were asked to stand up and sit down as quickly
as possible in a chair five times with their hands folded across their chest; time (in seconds) to
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complete the test was recorded. For the standing balance test, participants were asked to stand
in three progressively more difficult positions for 10 seconds each: a side-by-side position, a
semitandem position, and a full-tandem position. Each physical performance measure was
categorized into a five-level score, with 0 representing inability to do the test and 4 representing
the highest level of performance. The three measures were then added to create a summary
physical performance measure ranging from 0 (worst) to 12 (best).

Handgrip strength was measured using a handheld dynamometer (hydraulic hand
“BASELINE”; Smith & Nephew, Agrate Brianza, Milan, Italy). Participants were asked to
perform the task twice with each hand. The average of the best result obtained with each hand
was used for these analyses.

Serum Vitamin D and PTH
Fasting blood samples were collected in the morning after a 12-hour fast, centrifuged, and
stored at −80°C. Serum levels of vitamin D (25OHD) were measured by radioimmunoassay
(RIA kit; DiaSorin, Stillwater, MN). The intraassay and interassay coefficients of variation for
vitamin D were 8.1% and 10.2%, respectively. Serum intact PTH levels were measured with
a two-site immunoradiometric assay kit (N-tact PTHSP; DiaSorin). The intraassay and
interassay coefficients of variation for PTH were < 3.0% and 5.5%, respectively.

Covariates
Covariates included sociodemographic variables (age, study site, education [years]), smoking
status (never/former vs current), body mass index (BMI; computed as weight in kg/height in
meters squared), physical activity (physically active defined as moderate-intensity to high-
intensity exercise performed for at least 1–2 hours per week or light intensity exercise
performed for more than 4 hours per week), total energy intake (EPIC questionnaire; kcal/d),
and cognition (Mini-Mental State Examination score). Season of the year (November–
February vs March–October) was included to account for seasonal effects on vitamin D and
PTH levels. Adjudicated disease diagnoses were based on self-reported history, clinical
documentation, and medication use and included the following conditions: coronary heart
disease, congestive heart failure, cerebrovascular disease, peripheral artery disease,
hypertension, diabetes, chronic obstructive pulmonary disease, and osteoarthritis.

Biological parameters were also examined in the modeling of vitamin D status and physical
performance. Serum creatinine (a marker of kidney function) was measured by a standard
creatinine Jaffe method (Roche Diagnostics, Mannheim, Germany). Hemoglobin was
measured using the hematology automated Autoanalyzer DASIT SE 9000 (Sysmex
Corporation, Kobe, Japan). Albumin was measured using an agarose electrophoretic technique
[Hydragel Protein(E) 15/30; Sebia, Issy-les-Moulineaux, France].

Exclusions
Participants who did not undergo blood tests (n = 100), who were missing values for serum
25OHD (n = 50), or who lacked both of the physical performance measures of interest (the
SPPB and handgrip strength; n = 29) were excluded, resulting in an analysis sample of 976
participants. An additional 16 participants were missing the SPPB and 149 were missing
handgrip strength; these participants were excluded only from analyses specific to that physical
performance measure.

Statistical Analyses
Cross-sectional analyses of baseline data were conducted using SAS statistical software
(version 8.2; SAS Institute, Cary, NC). Vitamin D and PTH were examined both as a continuous
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(normalized by transformation using the natural logarithm) and categorical variable. Vitamin
D status was categorized as follows: serum 25OHD < 25 nmol/L, 25 to < 50 nmol/L, and ≥50
nmol/L (reference group) based on established deficiency (< 25 nmol/L) and insufficiency (<
50 nmol/L) cut-points (12). PTH was categorized into tertiles (≤17.70 ng/L [reference group],
17.80–28.00 ng/L, and ≥28.10 ng/L). Differences in the frequencies and means of covariates
by categories of vitamin D status were examined using age-adjusted analysis of variance
(ANOVA). Multiple linear regression models were used to examine the effect of vitamin D
and PTH status on physical performance measures after adjustment for potential confounding
variables (those covariates known to be associated with vitamin D and physical performance
or that showed a significant association (p ≤ .10) with vitamin D status in age-adjusted models),
and least-squares means were reported. There was a significant Gender × Vitamin D interaction
for handgrip strength (p < 0.05), thus, all analyses were stratified by gender.

Results
The mean age of the study population was 74.8 years. Participants who were excluded from
the analysis were older (78.9 vs 74.8 years, p < .001) and were more likely to be women (63.7%
vs 55.4%, p =.04). The mean serum 25OHD level was 57.92 (standard deviation [SD] 35.35)
nmol/L in men and 43.30 (SD 34.91) nmol/L in women. Approximately one quarter of the
women and half of the men had vitamin D levels in the sufficient range (serum 25OHD ≥50
nmol/L). However, 28.8% of women and 13.6% of men had vitamin D levels indicative of
deficiency (serum 25OHD < 25 nmol/L). Tables 1 and 2 show the age-adjusted participant
characteristics for key covariates by categories of vitamin D status in men and women,
respectively. Vitamin D levels were lower in older age and in participants who had been
evaluated in the winter compared to in the spring, summer, or fall but higher in those who
reported higher physical activity. Vitamin D and PTH levels were inversely correlated (Pearson
r = −0.45, p < .0001).

Vitamin D levels were significantly and positively associated with SPPB score [β coefficient
(standard error [SE]) per unit of the natural logarithm of serum 25OHD: 0.38 (0.18), p = .04]
in men and handgrip strength in men (2.44 [0.84], p = .004) and women (1.33 [0.53], p = .01)
after adjustment for sociodemographic variables, physical activity, BMI, energy intake, season,
cognition, health conditions, and levels of creatinine, hemoglobin, and albumin. Tables 3 and
4 show the mean physical performance measures by categories of vitamin D status in men and
women, respectively. SPPB scores were significantly lower among men and women with serum
25OHD < 25.0 nmol/L compared to those with serum 25OHD ≥25.0 nmol/L (p < .05). Men
and women with serum 25OHD < 50.0 nmol/L had significantly lower handgrip strength
compared to those with serum 25OHD ≥50 nmol/L (p < .05). Additional analyses examined
the association between vitamin D status and handgrip strength using a proposed higher cut-
point of serum 25OHD ≥ 75 nmol/L (23% of men and 12% of women met this definition)
(14). Men, but not women, with serum 25OHD ≥ 75 nmol/L had significantly higher handgrip
strength compared to those with serum 25OHD < 75 nmol/L (p < .05).

Vitamin D may play a role in physical performance through its actions on PTH. Further
adjustment for PTH levels attenuated the associations between vitamin D status and physical
performance measures; however, associations remained between vitamin D status and SPPB
score (β coefficient [SE]: 0.36 [0.19], p = .06) in men and handgrip strength in men (1.90 [0.90],
p = .03) and women (1.02 [0.55], p = .06).

The associations between PTH levels and physical performance measures were also examined.
Significant associations between PTH levels and physical performance measures were found
for handgrip strength only (β coefficient [SE] per unit of the natural logarithm of serum PTH:
−2.50 [0.98] and −1.70 [0.67], in men and women, respectively; p = .01). When the associations
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between physical performance and PTH were examined using PTH tertiles (Table 5), men in
the highest PTH tertile (≥28.10 ng/L) had significantly lower handgrip strength than did those
in the lower two tertiles (p = .0003). Although there was a trend towards lower handgrip strength
among women across PTH tertiles (p=.08; Table 6), there were no significant differences in
handgrip strength. SPPB scores were not significantly associated with PTH levels (continuous
or by tertiles).

In additional analyses, we examined the association between physical performance and
combined categories of vitamin D status and PTH levels. Men and women with insufficient
vitamin D status (serum 25OHD < 50 nmol/L) and high PTH levels (≥28.10 ng/L) had handgrip
strengths that were ≥10% lower than those who had sufficient vitamin D (serum 25OHD≥50.0
nmol/L) and low PTH (≤17.70 ng/L; p < .05). This difference was greater than that observed
in comparing handgrip strength by vitamin D status or PTH levels alone.

Discussion
The results from this cross-sectional study suggest that vitamin D status is associated with
physical performance among older men and women. Serum 25OHD levels < 25.0 nmol/L were
significantly associated with lower SPPB scores, whereas serum 25OHD levels < 50.0 nmol/
L were significantly associated with handgrip strength after adjusting for sociodemographic
variables, behavioral characteristics, and season. These associations remained after adjusting
for cognition, health conditions, renal function, and serum markers of health status.

Cross-sectional associations between vitamin D and muscle strength and physical performance
have been inconsistent (4–8,11). Among older adults in the National Health and Nutrition
Examination Survey (NHANES) III study, serum 25OHD levels < 40 nmol/L were associated
with poor physical performance on an 8-foot walk test and sit-to-stand test compared to serum
25OHD levels ≥ 40 nmol/L (7). To our knowledge, only two prospective studies have examined
the association between vitamin D and muscle strength and physical performance (9,10).
Elderly men and women with low serum 25OHD in the Longitudinal Study of Aging
Amsterdam were significantly more likely to lose handgrip strength and appendicular skeletal
muscle mass over 3 years of follow-up (10). In contrast, there was no association between
serum 25OHD and subsequent loss in muscle strength or physical performance over 3 years
of follow-up in the Women’s Health and Aging Study (WHAS) (9). However, the assay used
in WHAS has been shown to be less reliable than more recent methods and insensitive to the
vitamin D2 form, which may have resulted in misclassification of vitamin D status (28–30). In
addition, participants in WHAS already had moderate to severe disability leading the authors
to speculate that it was possible that most of the women were already below a baseline threshold
of strength where vitamin D deficiency may not have had any additional impact.

Randomized controlled trials have shown that vitamin D supplementation can significantly
improve muscle function and physical performance among older adults at high risk for vitamin
D deficiency, institutionalized elderly women (31) and patients attending a falls clinic (32).
Others have also shown that supplemental vitamin D may improve balance and reduce the
incidence of falls (31,33–36). However, other vitamin D supplementation studies have found
no effect on physical function or falls (37,38). The discrepancies among these studies may be
the result of the study population characteristics, inadequate dose of vitamin D, low calcium
intake or lack of a calcium supplement in combination with vitamin D supplementation, and
baseline vitamin D status.

Vitamin D plays an important role in muscle function through its regulation of calcium
transport, uptake of inorganic phosphate for the production of energy-rich phosphate
compounds, and protein synthesis in the muscle (2,3). In addition, the association between
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vitamin D and physical performance may be mediated by PTH. Vitamin D deficiency is a
recognized cause of secondary hyperparathyroidism. In animal models, administration of PTH
has been shown to increase protein catabolism and decrease the number of type 2 muscle fibers,
intracellular energy-rich phosphate compounds, and mitochondrial oxygen uptake (2,3,17).
PTH also induces the production of IL-6 (23). Previous studies have linked elevated IL-6 levels
with lower muscle strength (24) and poor physical performance (25). In the current study, PTH
was associated with handgrip strength but not SPPB scores. When examining the joint effect
of vitamin D and PTH, the associations between vitamin D and physical performance were
attenuated slightly after adjusting for PTH, suggesting that the association between low vitamin
D and poor physical performance may be independent of PTH.

The cross-sectional design of our study does not allow us to evaluate a causal association
between vitamin D status and physical performance. Although it is biologically plausible that
low vitamin D levels may result in low muscle strength and poor physical performance, it is
also possible that participants with poor physical performance had less exposure to UVB rays,
resulting in low vitamin D levels. Results from both cross-sectional and prospective studies
examining the role of vitamin D status on physical performance measures have been
inconsistent. Substantial variation in the measurement of serum 25OHD, because of different
assay methodology, laboratory experience, and differences between assays to recognize the
vitamin D3 and D2 form equally (28–30), may confound the ability to detect an association
between vitamin D status and physical function in some studies. These discrepancies between
the assays used to measure serum 25OHD also make it difficult to make comparisons across
studies. Randomized controlled trials of vitamin D supplementation, however, have shown
improvement in muscle function and physical performance (31,32). Further investigation
aimed at assessing the predictive value of vitamin D status on physical performance is needed.

Conclusion
Low vitamin D status was associated with poor physical performance among elderly men and
women in a cross-sectional population study. There is a growing awareness that the prevalence
of low vitamin D levels is common among the elderly population. In this population of
community-dwelling older adults residing in Italy, there was a high prevalence of vitamin D
deficiency (serum 25OHD < 25 nmol/L) and vitamin D insufficiency (serum 25OHD < 50
nmol/L), particularly among women. Recent findings showing the importance of vitamin D
status on multiple health outcomes (1,18) underscore the need for more research on the effects
of low vitamin D status in elderly populations.
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Table 1
Selected Participant Characteristics by Vitamin D Status in Men: The InCHIANTI Study

Serum 25OHD (nmol/L)

Characteristics < 25 25 to <50 ≥50 p for Trend

N (%) 59 (13.6) 163 (37.5) 213 (49.0)

Age, y 79.8 (0.8) 74.5 (0.5) 72.2 (0.4) <.0001

Education, y 6.0 (0.5) 6.0 (0.3) 6.3 (0.2) .37

Current smoker, % 15.7 21.7 21.8 .56

Physically active, %* 38.3 51.4 56.2 .05

BMI, kg/m2 27.1 (0.5) 27.1 (0.2) 27.0 (0.2) .81

Total energy intake, kcal/d 1995.9 (71.3) 2174.6 (40.9) 2218.2 (36.5) .04

Season (Nov–Feb), % 69.4 54.5 33.9 <.0001

Cognition, MMSE score 23.6 (0.5) 25.6 (0.3) 25.2 (0.3) .37

Chronic conditions

 Coronary heart disease, % 11.6 11.4 10.6 .77

 Congestive heart failure, % 12.6 6.0 4.1 .06

 Cerebrovascular disease, % 12.6 7.8 5.1 .08

 Peripheral artery disease, % 9.8 8.4 7.7 .66

 Hypertension, % 39.2 24.0 29.0 .83

 Diabetes, % 21.2 11.2 11.8 .34

 COPD, % 25.5 18.3 13.2 .04

 Osteoarthritis, % 3.9 7.2 4.7 .60

Parathyroid hormone, ng/L 40.5 (3.2) 27.7 (1.8) 20.6 (1.6) <.0001

Creatinine, mg/dL 1.03 (0.03) 1.03 (0.02) 1.01 (0.01) .30

Hemoglobin, g/dL 14.4 (0.2) 14.4 (0.1) 14.4 (0.1) .90

Albumin, g/dL 4.23 (0.04) 4.22 (0.02) 4.23 (0.02) .72

Notes: Means (standard error [SE]) or frequencies with age-adjusted analysis of variance (ANOVA) were used to evaluate the distribution.

*
Physically active: participants who reported moderate- to high-intensity exercise performed for at least 1–2 hours per week or light intensity exercise

performed for more than 4 hours per week.

BMI = body mass index; COPD = chronic obstructive pulmonary disease; MMSE = Mini-Mental State Examination.
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Table 2
Selected Participant Characteristics by Vitamin D Status in Women: The InCHIANTI Study

Serum 25OHD (nmol/L)

Characteristics < 25 25 to < 50 ≥50 p for Trend

N (%) 156 (28.8) 249 (46.0) 136 (25.1)

Age, y 78.3 (0.6) 75.1 (0.4) 72.5 (0.6) <.0001

Education, y 4.8 (0.2) 4.4 (0.2) 5.3 (0.2) .04

Current smoker, % 9.9 5.9 8.8 .99

Physically active, %* 21.7 24.1 30.6 .06

BMI, kg/m2 27.6 (0.4) 28.2 (0.3) 27.0 (0.4) .09

Total energy intake, kcal/d 1726.4 (37.8) 1704.1 (29.4) 1724.7 (40.5) .93

Season (Nov–Feb), % 55.9 38.3 22.4 <.0001

Cognition, MMSE score 23.9 (0.3) 24.0 (0.2) 25.0 (0.3) .01

Chronic conditions

 Coronary heart disease, % 8.1 4.0 4.6 .33

 Congestive heart failure, % 8.0 6.1 1.0 .007

 Cerebrovascular disease, % 5.5 3.2 1.0 .05

 Peripheral artery disease, % 3.9 3.3 6.3 .24

 Hypertension, % 40.4 38.8 43.7 .48

 Diabetes, % 11.3 9.7 9.7 .73

 COPD, % 3.0 0.5 2.3 .95

 Arthritis, % 15.1 15.4 17.9 .49

Parathyroid hormone, ng/L 34.5 (1.3) 26.7 (1.0) 21.3 (1.4) <.0001

Creatinine, mg/dL 0.85 (0.02) 0.87 (0.01) 0.84 (0.02) .56

Hemoglobin, g/dL 13.2 (0.1) 13.2 (0.1) 13.0 (0.1) .08

Albumin, g/dL 4.14 (0.02) 4.15 (0.02) 4.20 (0.02) .10

Notes: Means (standard error [SE]) or frequencies with age-adjusted analysis of variance (ANOVA) were used to evaluate the distribution.

*
Physically active: participants who reported moderate-intensity to high-intensity exercise performed for at least 1–2 hours per week or light intensity

exercise performed for more than 4 hours per week.

BMI = body mass index; COPD = chronic obstructive pulmonary disease; MMSE = Mini-Mental State Examination.
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