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Purpose: Maintaining skeletal muscle function throughout life is a crucial component of

successful ageing. Adequate vitamin D status may be important in preserving muscle function.

We aimed to determine the association between impaired muscle function and serum vitamin D

status in community-dwelling older adults. Falls were explored as a secondary aim.

Methods: Data were analyzed from adults aged ≥60 years, from Wave 6 of the English

Longitudinal Study of Aging (ELSA). Handgrip strength (HGS) and the short physical

performance battery (SPPB) were employed as measures of muscle strength and physical

function, respectively. Serum 25-hydroxyvitamin D [25(OH)D] was assessed with concen-

tration <30 nmol/L classed as vitamin D deficient.

Results: The study comprised 4157 community-dwelling adults with a mean age of 69.8

(SD 6.9). Overall, 30.6% had low HGS and 12.7% had low SPPB (≤6). Participants with the

lowest serum 25(OH)D (<30 nmol/L) had the highest prevalence of impaired muscle strength

and performance (40.4% and 25.2%) compared with participants with levels ≥50 nmol/L (21.6%

and 7.9%). Consistent with this, vitamin D deficiency (<30 nmol/L) was a significant determi-

nant of lowHGS (OR 1.44 [1.22, 1.71], p<0.001) and poor physical performance (OR 1.65 [1.31,

2.09], p<0.001) in the logistic regression models. Older adults partaking in regular moderate

physical activity had significantly lower odds of impaired muscle strength (OR 0.65 [0.58, 0.79])

and physical function (OR 0.30 [0.24, 0.38]), p <0.001, respectively. Single or multiple falls

(15.8% and 10.5% in past year) were not associated with vitamin D status.

Conclusion: Vitamin D deficiency was associated with impaired muscle strength and

performance in a large study of community-dwelling older people. It is generally accepted

that vitamin D deficiency at the <30 nmol/L cut-off should be reversed to prevent bone

disease, a strategy that may also protect skeletal muscle function in ageing.

Keywords: vitamin D, 25-hydroxyvitamin D, ageing, muscle function, short physical

performance battery

Introduction
Maintaining muscle mass and function throughout life is a crucial component of

successful ageing. The progressive loss of skeletal muscle mass accompanied by a

loss of muscle strength or performance, in ageing, are features of primary

sarcopenia.1,2 This functional decline negatively impacts on mobility, falls risk,

independence, quality of life and healthcare costs.2–5 The condition is a major
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public health issue, estimated to effect between 6% and

22% of older adult populations6 and up to half of adults

over 80 years. Resistance exercise is well evidenced in

maintaining muscle function6 while nutritional factors

such as adequate dietary protein,6–9 and potentially ade-

quate vitamin D status,8–10 have shown benefit. Globally,

vitamin D deficiency is widespread11 particularly in older

populations12,13 and optimizing vitamin D status may be a

practical and cost-effective approach that supports skeletal

muscle function.

Findings from animal models and laboratory studies

show that vitamin D can improve muscle quality and

strength and reduce intramuscular fat and inflammation.14

Epidemiological15–17 and intervention studies8,10 further

support associations between circulating 25-hydroxyvita-

min D [25(OH)D] or vitamin D3 supplementation and

muscle function in older adults, though more recent find-

ings suggest no benefit.18–20 For falls outcomes, vitamin D

supplementation appears beneficial for older people living

in care homes21 or with low vitamin D status,22 but the

findings are inconsistent for the wider population of com-

munity-dwelling older adults.22 Some studies, conversely,

have found an increase in falls rate with large bolus

vitamin D supplementation.23

Several methodological differences are apparent across

the studies that have investigated vitamin D and muscu-

loskeletal outcomes in community-dwelling older adults;

these include the population age, health and lifestyle char-

acteristics, vitamin D status and the outcome measures

employed for skeletal muscle. A key aspect is the degree

to which study samples capture participants with estab-

lished vitamin D deficiency or at-risk of deficiency. Such

risk factors include advanced age, lower socioeconomic

status, poorer health status, non-vitamin D supplement

users, non-white ethnicity12,24 or mobility impairment.10

An important consideration is if older adults with

vitamin D deficiency have impaired muscle function and,

if so, would raising 25(OH)D status or reversing defi-

ciency improve or preserve function. Skeletal muscle mea-

sures employed in studies are typically brief assessment of

muscle strength or function including handgrip strength

(HGS), gait speed or sit to stand tests.9 More comprehen-

sive assessments, such as the short physical performance

battery (SPPB)25 or imaging techniques, that assess lower

limb muscle function or muscle quality2,10,16 are important

to add value to vitamin D research in this field.

The present study aimed to estimate the prevalence of

impaired muscle function (HGS and SPPB) and determine

the association between these variables and serum vitamin

D status in community-dwelling older adults from the

English Longitudinal Study of Aging (ELSA). As a sec-

ondary aim, we explored the association between vitamin

D status and falls.

Materials And Methods
Study Design And Population
The study was based on data from community-living older

people who participated in ELSA26 Wave 6 (2012–2013)

as this represented the first analysis of 25(OH)D. The

ELSA study was conducted in line with the Declaration

of Helsinki and was approved by the London Multicentre

Research Ethics Committee (MREC 01/2/91). Written

informed consent was obtained from all participants

(https://www.elsa-project.ac.uk/).

For the present study, the inclusion criteria were as

follows: measured serum 25(OH)D, adults aged ≥60
years and participation in assessments of skeletal muscle

function, namely HGS and components of the SPPB.

Lower limb measures, such as gait speed, were assessed

only in adults aged 60 years or over in ELSA. Overall,

7731 participants completed the nurse health visits, allow-

ing the collection of biological data such as blood samples.

The most common reasons for missing or unavailable

blood samples were for participants who did not wish to

consent to, or were considered ineligible for, blood sam-

pling (e.g. bleeding disorders or anticoagulant use). After

applying the inclusion criteria, the final analytical study

sample comprised of 4157 subjects (Figure 1).

Serum 25(OH)D Measurement And

Deficiency
Serum 25(OH)Dwas assessed from fasting blood sample and

analyzed using Diasorin Liaison 25-hydroxyvitamin D

immunoassay. All assays were performed in duplicate, the

CV values ranged from 8.7% to 9.4%. The laboratory

responsible for analysis of vitamin D for ELSA (Royal

Victoria Infirmary, Newcastle upon Tyne, UK) participated

in the Vitamin D External Quality Assessment Schemes

(DEQAS). All blood sampling occurred from January 2012

to July 2013. Vitamin D status was classified according to the

Institute of Medicine (IOM) guidelines,27 with deficiency

compatible with bone health risk defined as 25(OH)D <30

nmol/L, and insufficiency as <50 nmol/L.27 Season was

categorized using the extended vitamin D calendar for sum-

mer (April–Sept) and winter (Oct–March).28
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Measures Of Muscle Strength And Physical Function

Handgrip strength was recorded as the mean grip strength of

three readings using the participant’s dominant hand. Gender

and BMI-specific cut-offs were applied to categorize muscle

weakness.1 Physical performance was measured using the

short physical performance battery (SBBP). The SPPB25 is a

composite battery of three physical tasks: an 8 foot (2.44 m)

gait speed test, a repeated chair rise task and a static balance

test and is supported by EWGSOP1 as a measure of physical

performance for research. Individual tests scores were com-

bined to give a composite SPPB score, where 0–6 represented

poor physical performance, 7–9 “at-risk” and >10 represented

high performers.25 We applied the cut-off of 0–6 to indicate

poor or impaired lower extremity performance. Falls rate was

reported as one fall ormultiple falls in past 12months; medical

attention sought in relation to the fall was also noted.

Potential Confounders And Related

Variables
Background socio-demographic, health status, lifestyle vita-

min D and muscle function related data were recorded. This

included: gender, educational attainment [minimum of O-level

(secondary school) education achieved] and employment sta-

tus (employed/retired). Health-related factors; self-reported

health (compared to others of the same age); excellent, very

good, good, fair and poor. Self-reported long-standing illness

(Yes/No), whether the self-reported longstanding illness was

limiting (Yes/No) and medication use (polypharmacy defined

as taking 5 or more medications daily). BMI and waist

circumference were recorded. Lifestyle factors included phy-

sical activity categorized as mild, moderate and vigorous

activity more than once per week. Alcohol intakes, high

alcohol frequency (drinks alcohol most days), and current

smoking status (Yes/No). Health behaviors which may influ-

ence serum 25(OH)D status in the ELSA dataset were season

of blood sampling, sun holiday within the past 12 months

(Yes/No) and vitamin D-containing supplement use, available

as prescribed vitamin D and calcium for the treatment of

osteoporosis. Vitamin D intake from non-prescribed vitamin

D supplements or from diet was not available.

Data Analysis And Statistics
Descriptive statistics are presented as means and SD or

counts and proportions for demographic and lifestyle char-

acteristics. Normality was assessed visually using histogram

matrix plots and ladder tables to identify appropriate

transformations,29 and Monte Carlo simulations to identify

outliers.30 Multiple logistic regression analysis was used to

explore the determinants of poor physical performance and

poor muscle strength and presented as odds ratios (OR) and

95% confidence intervals (CI). We applied multivariate ana-

lysis of variance (MANOVA) to all explanatory variables to

test the assumptions of the model, before including them in a

stepwise regression. Only variables that reached statistical

significance in the initial analysis were considered for the

models and after testing for collinearity by scatter plots and

Variance Inflation Factors Tests for linear relationships. Tests

were performed by the inclusion of continuous predictor

variables to the model and were reported as OR for a single

unit change with 95% CI. In adjusted models, covariates

were selected based on previous research findings and fol-

lowing stepwise regression to test the contribution of each

predictor (excluded Pr. >0.25). The contribution of covari-

ates to muscle function was examined by including each set

of covariates in the following order; model 1; poor physical

performance defined as a score of 0–6 in the SPPB, socio-

demographic factors, health-related behaviors, physical fac-

tors and health conditions. In model 2, low HGS strength

defined by gender and BMI-specific cut-offs. Corresponding

unadjusted results are also reported. All analyses were per-

formed in STATA 14.0 (Stata Corp LP).

Results
Characteristics Of Study Population
The present study comprised 4157 community-dwelling adults

with a mean age of 69.8 (SD 6.9) years. Demographic,

Figure 1 Participant enrolment in the study and reasons for exclusion.
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lifestyle and health characteristics are presented in Table 1.

The prevalence of polypharmacy was 29.1% and longstanding

limiting disease was 54.3%, though most participants (76.3%)

rated their health as “good” or above. Overweight and obesity

were common (73%), while 41.8% of participants reported

partaking regularly in vigorous physical activity.

Mean serum 25(OH)D concentration was 49.7 (SD 23.5)

nmol/L (Table 1). Over half of participants (53.7%) had

serum 25(OH)D concentrations <50 nmol/L (insufficient)

of which 21.8% were vitamin D deficient (<30 nmol/L).

Vitamin D supplement use was low at 5.1%, though only

prescribed vitamin D for the treatment of osteoporosis was

available. Almost half (48.6%) of the study group reported

sun holiday travel within the previous 12 months.

Prevalence Of Impaired Muscle Strength,

Poor Physical Performance And Falls
In the present study, 30.6% of older adults had low HGS, as

classified by gender and BMI-specific cut-offs (Table 2). Poor

physical performance (SPPB ≤6)was identified in 12.7%,with

a further 19.3% classed as “at-risk” (SPPB 7–9); most parti-

cipants (67.9%) were considered high performers with scores

of 10–12. A single fall or multiple falls occurred in 15.8% and

10.5%, respectively, in the past 12 months. The prevalence of

impaired muscle strength, reduced performance and falls was

consistently higher in women than men (Table 2).

Muscle Strength And Physical

Performance According To Serum 25

(OH)D Concentration
Low HGS and SPPB according to 25(OH)D quintiles

are presented in Figures 2 and 3 and Table 3. The

lowest quintile (Q1, ≤28 nmol/L) was compatible with

vitamin D deficiency, while the highest quintiles, Q4

and Q5, were compatible with sufficiency at 25(OH)D

>50 nmol/L. In Q1, 40.4% of older adults had impaired

HGS compared with 25.2% and 26.8% in Q4 and Q5,

respectively. Consistent with this, the prevalence of poor

physical performance significantly decreased in line with

increasing 25(OH)D concentration (Figures 2 and 3).

Poor performance (SPPB) was almost three-fold higher

(21.6%) in Q1 (≤28 nmol/L) compared with levels ≥50

nmol/L (7.9–9.0%). In contrast, the rate of recurrently

falls did not significantly differ between vitamin D

deficiency (Q1) and sufficiency (Q5) at 11.6% and

9.9%, respectively (Table 3).

Factors Associated With Low SPPB In

Community-Dwelling Older Adults
After adjusting for pre-defined covariates, multivariate logis-

tic regression analysis (Table 4) supported the findings that

poor physical performance (SPPB score ≤6) was signifi-

cantly associated with vitamin D deficiency (<30 nmol/L)

[OR 1.65 (1.31, 2.09), p<0.001]. Regular moderate physical

activity [OR 0.30 (0.24, 0.38), p<0.001] was the only vari-

able significantly associatedwith lower odds of poor physical

performance. BMI, however, was not a statistically signifi-

cant correlate of poor physical performance, unadjusted OR

for obese BMI was 1.87 (1.46, 2.39, p<0.001), but this was

no longer statistically significant [OR 1.03 (0.71, 1.25),

p=0.84] on adjusted analysis. Other determinants of impaired

SPPB included advanced age (80+ years), female gender,

being retired, poor self-reported health, falls (>1) and

polypharmacy.

Factors Associated With Poor Muscle

Strength In Community-Dwelling Older

Adults
After adjusting for pre-defined covariates, multivariate

logistic regression analysis (Table 5) showed that vitamin

D deficiency (<30 nmol/L) was a significant determinant

of impaired HGS [OR 1.44 (1.22, 1.71) p<0.001].

Consistent with the SPPB findings, engaging in moderate

physical activity was the only positive correlate of muscle

strength identified [OR 0.65 (0.58, 0.79)]. The model

showed that aged 70+, female gender, retired, fair self-

reported health, falls >1, polypharmacy and overweight or

obesity were significantly associated with low muscle

strength.

Discussion
Vitamin D deficiency [25(OH)D <30 nmol/L] was sig-

nificantly associated with both reduced muscle strength

and physical performance in a large sample (n = 4157) of

community-dwelling adults aged 60 years and over, as

determined by handgrip strength and the Short Physical

Performance Battery, respectively. Given that vitamin D

deficiency is prevalent in older populations12,13 focusing

on correcting deficiency at the 30 nmol/L cut-off11 may

be important for protecting muscle function in ageing, in

addition to the established effects on preventing bone

disease.27 We identified impaired muscle strength and

physical performance in 30.6% and 12.7%, respectively,

of community-dwelling adults aged 60 and over. This is
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Table 1 Characteristics Of The Study Population Overall And By Gender (n=4157)

Overall (n=4157) Males (n=1874) Females (n=2283)

N (%) SD N (%) SD N (%) SD

Socio-demographic factors

Age, mean, SD, years 69.8 6.9 69.7 7.0 69.8 6.9

60–69 2268 (54.6) 1033 (55.1) 1235 (54.1)

70–79 1450 (34.9) 641 (34.2) 809 (35.4)

80+ 439 (10.6) 200 (10.7) 239 (10.5)

aEducation ≥ O level 3099 (74.9) 1483 (79.5) 1616 (71.1)

Employment – retired 3090 (74.3) 1362 (72.7) 1728 (75.7)***

Ethnicity (non-white) 87 (2.1) 46 (2.5) 41 (1.8)

Health and lifestyle factors

BMI kg/m2, mean, SD 28.0 4.8 27.9 4.1 28.1 5.3
bUnder (<18.5) 37 (0.9) 7 (0.4) 30 (1.3)***

Normal (≥18.5 to <25) 1085 (26.1) 432 (23.1) 653 (28.6)***

Overweight (≥25 to <30) 1823 (43.9) 940 (50.2) 883 (38.7)***

Obese (≥30) 1212 (29.1) 495 (26.4) 717 (31.4)***

Physical activity

Vigorous (>1/wk) 1739 (41.8) 923 (49.3) 816 (35.7)***

Moderate (>1/wk) 2703 (65.0) 1283 (68.5) 1420 (62.2)***

Mild (>1/wk) 3463 (83.3) 1450 (77.4) 2013 (88.2)***

Current smoker 391 (9.4) 174 (9.3) 217 (9.5)

Alcohol – 5–6 days/week 254 (6.1) 148 (7.9) 106 (4.6)***

SR health

Excellent 485 (11.7) 212 (11.3) 273 (11.9)

Very good 1323 (31.8) 607 (32.4) 716 (31.4)

Good 1365 (32.8) 617 (32.9) 748 (32.8)

Fair 770 (18.5) 346 (18.5) 424 (18.6)

Poor 213 (5.1) 92 (4.9) 121 (5.3)

Long standing illness 2258 (54.3) 1007 (53.7) 1251 (54.8)

cLimiting 1328 (58.8) 557 (55.3) 771 (61.7)**

Polypharmacy (≥5 meds) 1209 (29.1) 548 (29.2) 661 (28.9)

Poor QoL (CASP <36) 772 (18.6) 378 (20.2) 394 (17.3)*

Vitamin D related factors

25(OH)D nmol/L, mean, SD 49.7 23.5 50.5 23.1 49.1* 23.8

Low 25(OH)D status

<30nmol/L 908 (21.8) 359 (19.2) 549 (24.1)***

<50nmol/L 2234 (53.7) 977 (52.1) 1257 (55.1)
dVitD supp use, n (%) 212 (5.1) 24 (1.3) 188 (8.2)***
eSun holiday travel, n (%) 1904 (48.6) 858 (48.9) 1046 (48.4)

Notes: Results are presented as means and standard deviation (SD) or counts and proportions, n (%). aO-level, approximately equivalent to secondary school. bBMI

categories. cIf the long-standing illness is limiting. dVitamin D supplement use, with or without calcium, prescribed for osteoporosis. eTravel abroad within the previous 12

months, yes or no. *,**,***Denote statistically significant differences between groups: *P<0.05, ** P<0.01, ***P<0.001.

Abbreviations: kg/m2, kilograms per meter squared; SR, self-reported; CASP-19, Control, Autonomy, Self-realization and Pleasure, a four domain older-adult quality of life measure.
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broadly in line with the prevalence of sarcopenia, esti-

mated at 1–29%, in community-dwelling populations

aged 50 years and over.31 The prevalence and incidence

of sarcopenia is reported to increase further in hospita-

lized and long-term care for older adult populations.31,32

It should be noted, however, that the present study

focused on impaired muscle function only and not speci-

fically on sarcopenia (since muscle mass was not avail-

able in the dataset). Muscle function, however, is

considered a principal determinant of sarcopenia in

recently updated definitions.2

Based on the analysis by vitamin D quintiles, older

adults with the lowest serum 25(OH)D, had the highest

prevalence of impaired muscle strength and performance

(40.4% and 25.2%) compared with people with adequate

levels (21.6% and 7.9%). This finding was further sup-

ported by the regression analysis, which showed that vita-

min D deficiency (<30 nmol/L) was significantly associated

with both poor physical performance and low handgrip

strength. Of note, engagement in moderate physical activity

was associated with lower odds of impaired muscle strength

and low SPPB, which is in line with the evidence supporting

physical activity as a modifiable factor in preserving muscle

mass, strength and potentiating muscle protein synthesis.6,9

Other factors associated with low HGS and low SPPB

included advanced age, female gender and variables indi-

cative of poorer health status such as lower self-rated health,

polypharmacy and recurrent falls reflecting the complex

and multifaceted nature of age-related muscle impairment.

Our findings identify vitamin D deficiency as a potentially

modifiable lifestyle factors associated with poor muscle

function and further supports the established inverse asso-

ciation with physical activity.6,10

Falls were not significantly associated with 25(OH)D

concentrations in the present study, though this was a

Table 2 HGS, SPPB And Falls In Community-Dwelling Older

Adults (n = 4157)

Overall

(n=4157)

Males

(n= 1874)

Females

(n= 2283)

N (%) N (%) N (%)

aLow HGS % 1271 (30.6) 505 (26.9) 766 (33.6)***

SPPB poor (≤ 6) 527 (12.7) 192 (10.3) 335 (14.7)***

At-risk (7–9) 804 (19.3) 340 (18.1) 464 (20.3)***

Best (10–12) 2826 (67.9) 1342 (71.6) 1484 (65.0)

bFalls one fall 658 (15.8) 267 (14.3) 391 (17.1)**

Multiple falls (>1) 438 (10.5) 173 (9.2) 265 (11.6)**
cMedical attention 813 (74.2) 354 (80.5) 459 (69.9)***

Notes: aClassified by gender and BMI-specific cut-offs. bFall in the past 12 months.
cMedical attention was sought for fall. **, ***Denote statistically significant differ-

ences between groups: ** P<0.01, ***P<0.001.
Abbreviations: HGS, handgrip strength; SPPB, short physical performance battery.

Figure 2 Prevalence of poor physical performance (SPPB ≤ 6) across serum 25(OH)D quintiles, n= 527. There was a significantly higher proportion of older adults with low

SPPB in Q1 [25(OH)D ≤28nmol/L, vitamin D deficient] relative to Q 4 and 5 [vitamin sufficiency 25(OH)D >50nmol/L].

Aspell et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Interventions in Aging 2019:141756

http://www.dovepress.com
http://www.dovepress.com


secondary aim. The occurrence of single or multiple falls

was 15.8% and 10.5%, respectively, in the past year but

did not significantly differ by 25(OH)D status. A Cochrane

review,22 and similarly a recent large RCT,33 showed no

effect for vitamin D supplementation on falls in the com-

munity, however, supplementation in older adult sub-

groups with vitamin D deficiency might protect against

falls.22 Findings from a recent Cochrane review suggested

that vitamin D supplementation may reduce falls rate in

residential care facilities,21 which represent a more depen-

dent and vulnerable group compared with community-liv-

ing populations in the present study. While vitamin D21

and sarcopenia3 have been implicated in falls risk, it is

acknowledged that falls in ageing have a complex and

multifactorial etiology involving health, sensory, medica-

tion and living environmental risk factors.21,22

To date, intervention studies into the effects of vitamin D

supplementation on skeletal muscle in ageing have yielded

mixed findings8,10,18–20 though a trend towards improved

lower extremity muscle performance is emerging. Lower

limb function is commonly assessed by practical and clinical

measures such as gait speed or the Timed-Up-and-Go test

(TUG). The SPPB, applied in the present study, is a measure

of physical performance of the lower extremities, acting as a

comprehensive indicator of balance, gait, muscle strength

and endurance.1 We applied a restrictive score of <6 for the

SPPB for muscle impairment and vitamin D deficiency of

<30 nmol/L. A recent intervention study among older adults

Figure 3 Prevalence of poor muscle strength (low HGS) across serum 25(OH)D quintiles, n= 1271. There was a significantly higher prevalence of impaired muscle strength

in Q1 [25(OH)D ≤28nmol/L, vitamin D deficient] relative to quintiles 4 and 5 [vitamin D sufficiency 25(OH)D >50nmol/L].

Table 3 Low Handgrip Strength And Poor Muscle Performance According To Serum 25(OH)D Quintiles In Community-Dwelling

Older Adults

25(OH)D Quintiles nmol/L Q1 ≤28 Q2 29–41 Q3 42–54 Q4 55–69 Q5 ≥70

n, % 856 (20.6) 836 (20.1) 845 (20.3) 821 (19.8) 799 (19.2)

Low HGS % 346 (40.4)*** 268 (32.1) 236 (27.9) 207 (25.2)*** 214 (26.8)**

SPPB (0–12)

Poor (≤6) 185 (21.6)*** 115(13.8) 90(11.9) 65 (7.9)*** 72 (9.0)***

At risk (7–9) 200 (23.4)*** 171 (20.5) 149 (17.6) 146 (17.8) 138 (17.3)

High (≥10) 471 (55)*** 550 (65.8) 606 (71.7) 610 (74.3)*** 589 (73.7)***
aFalls (>1) 99 (11.6) 86 (10.3) 84 (9.9) 90 (10.9) 79 (9.9)

Notes: aFalls, reported to have had multiple (>1) falls in past 12 months. **, ***Denote statistically significant differences between groups: ** P<0.01, ***P<0.001.
Abbreviations: Q, quintiles; low HGS, low handgrip strength established by BMI and gender-specific cut-offs; SPPB, short physical performance battery.
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with impaired muscle function, defined as SPPB ≤9 and

vitamin D deficiency of 25(OH)D less than 50 nmol/L,

showed that a vitamin D and protein supplement reduced

intramuscular fat and improved muscle density compared

with placebo.10 Future intervention studies into the effects

of reversing vitamin D deficiency at 30 nmol/L level on

Table 4 Logistic Regression Analysis Showing Unadjusted And Adjusted Odds Ratios (95% CI) For Poor Physical Performance (SPPB

≤6) In Community-Dwelling Older Adults (n=4157)

Unadjusted Poor SPPB (≤6) Adjusted Poor SPPB (≤6)

OR (95% CI) P OR (95% CI) P

Female 1.50 (1.25, 1.82) <0.001 1.39 (1.11, 1.74) 0.004

Age 60–69 (reference) – – 1 – – 1

70–79 1.86 (1.49, 2.31) <0.001 1.29 (0.99, 1.69) 0.050

80–89 7.38 (5.76, 9.47) <0.001 3.78 (2.78, 5.15) <0.001

Employment-retired 4.78 (2.94, 7.69) <0.001 1.98 (1.18, 3.34) 0.010

Vitamin D deficiency (<30nmol/L) 2.43 (1.99, 2.95) <0.001 1.65 (1.31, 2.09) <0.001
aVitamin D supplement use 2.10 (1.56, 2.88) <0.001 1.37 (0.91, 2.05) 0.134

Self-reported health – poor 3.25 (2.67, 3.96) <0.001 1.55 (1.22, 1.97) <0.001

Physical activity-moderate 0.16 (0.13, 0.19) <0.001 0.30 (0.24, 0.38) <0.001
bFalls (>1) 3.78 (3.00, 4.75) <0.001 2.55 (1.94, 3.36) <0.001

Polypharmacy (≥ 5 medications/d) 4.90 (4.1, 5.9) <0.001 2.42 (1.93, 3.02) <0.001

Low HGS 5.10 (4.2, 6.1) <0.001 2.17 (1.73, 2.72) <0.001

Poor QoL (CASP-19 <36) 1.95 (1.58, 2.39) <0.001 1.25 (0.97, 1.61) 0.080

BMI – obese 1.87 (1.46, 2.39) <0.001 1.03 (0.71, 1.25) 0.84

Notes: aUse as prescribed treatment of osteoporosis. bFalls, reported as multiple (>1) falls in past 12 months. Reference category: male, age 60–69; employed, 25(OH)D

>30 nmol/L, no vitamin D supplement use, excellent self-reported health; low physical activity, no falls, no polypharmacy, i.e. medications <4/d, HGS in normal range by

gender and BMI classification, CASP >36, BMI in the underweight category. Adjusted analysis adjusted for age, gender, and physical activity. All models included the same

variables and categorizations/groupings, for visual presentation only significant variable categories are presented.

Abbreviations: OR, odds ratio; CI, confidence interval; HGS, handgrip strength; QoL, quality of life; CASP-19, Control, Autonomy, Self-realisation, Pleasure, which is a 4

domain QoL measure for older adults.

Table 5 Logistic Regression Analysis Showing Unadjusted And Adjusted Odds Ratios (95% CI) For Low Handgrip Strength In

Community-Dwelling Older Adults (n=4157)

Unadjusted Low HGS Adjusted Low HGS

OR (95% CI) P OR (95% CI) P

Female 1.37 (1.19, 1.57) <0.001 1.25 (1.08, 1.46) 0.003

70–79 2.32 (2.00, 2.69) <0.001 1.92 (1.62, 2.26) <0.001

80–89 7.49 (6.00, 9.35) <0.001 4.71 (3.69, 6.02) <0.001

Employment-retired 2.81 (2.19, 3.62) <0.001 1.49 (1.15, 1.96) 0.003

Vitamin D deficiency (<30) 1.79 (1.54, 2.09) <0.001 1.44 (1.21, 1.71) <0.001

Self-reported health – poor 2.20 (1.87, 2.59) <0.001 1.39 (1.15, 1.67) 0.001

Physical Activity – Moderate 0.41 (0.36, 0.48) <0.001 0.68 (0.58, 0.79) <0.001
aFalls (>1) 2.08 (1.69, 2.54) <0.001 1.47 (1.17, 1.86) 0.001

Polypharmacy (≥ 5 medications/d) 2.63 (2.29, 3.03) <0.001 1.51 (1.28, 1.78) <0.001

Poor SPPB (≤ 6 points) 5.07 (4.18, 6.15) <0.001 2.22 (1.77, 2.77) <0.001

Poor QoL (CASP-19, <36) 1.36 (1.16, 1.61) <0.001 0.97 (0.81, 1.17) 0.785

BMI overweight 1.29 (1.09, 1.55) 0.003 1.31 (1.08, 1.59) 0.006

Obese 2.42 (2.02, 2.91) <0.001 2.26 (1.84, 2.78) <0.001

Notes: aFalls, reported to have had multiple (>1) falls in past 12 months. Reference category: male, age 60–69; employed, 25(OH)D >30 nmol/L, no vitamin D supplement

use, excellent self-reported health; low physical activity, no falls, no polypharmacy, i.e. medications <4/d, SPPB >6, CASP >36, BMI in the underweight category. Adjusted

analysis adjusted for age, gender, and physical activity. All models included the same variables and categorizations/groupings, for visual presentation only significant variable

categories are presented.

Abbreviations: OR, odds ratio; CI, confidence interval; SPPB, short physical performance battery; QoL, quality of life; CASP-19, Control, Autonomy, Self-realization,

Pleasure, a four domain QoL measure for older adults.
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comprehensive muscle outcomes among vulnerable older

adults in the community would be of interest.

In the present study, we identified that older people in the

lowest quintile of vitamin D (compatible with deficiency), had

the poorest muscle strength and physical performance and

represent an important group to target for interventions to

reverse deficiency. The recent EWGSOP updated consensus

paper on sarcopenia emphasizes the public health and clinical

importance of maintaining muscle function in ageing.2 The

threshold of <30 nmol/L for vitamin D deficiency is estab-

lished for adverse effects on bone health27 and may also

accelerate age-related muscle decline. The recent Vitamin D

Assessment (ViDA) study showed beneficial effects of vita-

min D supplementation in aged 50+ adults for intermediate

outcomes such as bone mineral density, but not for falls, and

only in people with 25(OH)D <30 nmol/L.33 The low usage of

vitamin D supplements at 5.1%, which was prescribed for

bone health in the present study, is compatible with other

community-dwelling cohorts12 and was not significantly asso-

ciated with either impaired physical performance or muscle

strength. This suggests that eliminating vitamin D deficiency

in older populations may require other strategies such as food

fortification approaches.34,35 Focusing interventions on older

people most at risk of vitamin D deficiency (<30 nmol/L)12,13

seems sensible, even though such sub-groups may be “hard to

reach” in society and to engage in clinical trials. Theses sub-

groups may include, for example, the oldest old, those with

poorer health status, of non-white ethnicity, living alone or

living with socioeconomic disadvantage. The latter may be

particularly important, given that the evidence is currently

deemed inadequate to make practical recommendations for

vitamin D supplementation for the prevention of age-related

loss of muscle mass and function.6

The study had several strengths, for example, the findings

are derived from a large (n = 4157) well-defined population

of community-dwelling older people aged 60 years and over

with comprehensive assessments and measures. Moreover,

handgrip strength and a composite measure of muscle per-

formance (SPPB) were used, both supported by the

EWGSOP.1 A number of limitations need to be mentioned,

namely serum 25(OH)D in the ELSA cohort was assessed by

immunoassay (DiaSorin), while the gold standard is consid-

ered LC-MS/MS. Analysis, however, was conducted in a

laboratory which is a member of DEQAS, reported CVs

and QCs were in the expected range and consistent with

data from ELSA previously published.10,36,37 Furthermore,

in line with the study design, our findings cannot demonstrate

cause and effect, and future intervention studies conducted in

vitamin D deficient older populations would be required.

In conclusion, impaired muscle strength and physical

performance were identified in 30.6% and 12.7%, respec-

tively, of older adults, rising to 40.4% and 25.2% amongst

those with the lowest vitamin D concentrations. Consistent

with this, vitamin D deficiency [25(OH)D <30 nmol/L] was

associated with both impaired muscle strength and impaired

physical performance based on regression analysis models. It

is accepted, that at a minimum, we should seek to eliminate

vitamin D deficiency of ≤30 nmol/L, the cut-off for the

prevention of bone disease, this strategy that may also protect

skeletal muscle function in ageing populations.

Abbreviations
ELSA, English Longitudinal Study of Aging; HGS, hand-

grip strength; SPPB, short physical performance battery.
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