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Higher 25-hydroxyvitamin D concentrations are associated with
better lower-extremity function in both active and inactive persons

aged =60 y'®

Heike A Bischoff-Ferrari, Thomas Dietrich, E John Orav, Frank B Hu, Yuging Zhang, Elisabeth W Karlson,

and Bess Dawson-Hughes

ABSTRACT

Background: Vitamin D may improve muscle strength through a
highly specific nuclear receptor in muscle tissue.

Objectives: We investigated whether there is an association be-
tween 25-hydroxyvitamin D [25(OH)D] concentrations and lower-
extremity function in ambulatory older persons, whether that asso-
ciation differs by activity level, and, if so, whether there is an
identifiable threshold in the association.

Design: The study wasapopul ation-based survey of theambulatory
US population aged 60 to =90 y (n = 4100). Lower-extremity
function according to serum 25(OH)D concentrations was assessed
by linear regression analyses and regression plots after control for
activity level (inactive or active) and severa other potential con-
founders. Separate analyseswere performed for thetimed 8-foot (ie,
2.4 m) walk test and a repeated sit-to-stand test.

Results: The 8-foot walk test compared subjects in the lowest and
highest quintiles of 25(OH)D; the latter group had an average de-
crease of 0.27 s[95% Cl: —0.44, —0.09 s (or 5.6%); P for trend <
0.001]. The sit-to-stand test compared subjects in the lowest and
highest quintiles of 25(OH)D; the latter group had an average de-
crease of 0.67 s[95% Cl: —1.11, —0.23 s (or 3.9%); P for trend =
0.017]. Inthe 25(OH)D reference range of 22.5-94 nmol/L, most of
theimprovement occurred in subjectswith 25(OH)D concentrations
between 22.5 and ~40 nmol/L , and further improvement wasseenin
therangeof 40—-94 nmol/L. Stratificationby activity level showedno
significant effect modification.

Conclusion: Inboth activeand inactive ambul atory personsaged =60
Yy, 25(0OH)D concentrations between 40 and 94 nmol/L are associated
with better musculoskeletal function in the lower extremities than are
concentrations < 40 nmol/L. Am J Clin Nutr 2004;80:752—8.

KEY WORDS 25-hydroxyvitamin D, lower-extremity func-
tion, elderly, community-dwelling adults

INTRODUCTION

Supplementation with vitamin D and cal cium has been found
to besuccessful in reducing fracturerisk in the elderly. Random-
ized controlled trials (RCTs) found that nonvertebral fractures
decreased by 58% in ambulatory elderly in the United States (1)
and by 32% ininstitutionalized elderly in France (2). A recent 5-y
RCT documented a33% reductionin first hip, wrist, or vertebral
fractureinambulatory elderly living in the United Kingdomwho
received supplementation with vitamin D only (3). Consistently,
inalargecohort study of USnurses, women consuming =500 U

vitamin D/d from food plus supplements had a37% lower risk of
hip fracture (relative risk = 0.63; 95% CI: 0.42%, 0.94%) than
did women consuming <500 U vitamin D/d (4).

The protective effect of vitamin D on fractures has been at-
tributed to the established moderate benefit of vitamin D for
calcium homeostasis and bone mineral density (1, 5-8). How-
ever, an alternative explanation might be that vitamin D affects
factorsdirectly related to muscle strength and function (9—-14), thus
reducing fracture risk through fal prevention, in addition to its
benefitson calciumhomeostasis. Specifically,inoneRCT that com-
pared vitamin D (800 1U/d) plus calcium (1200 mg/d) intakes in
ingtitutiondlized el derly womenwithintakesof calciumaone (1200
mg/d), muscul oskeletal functionimproved by 4—11%inthevitamin
D plus cacium group (P = 0.0094). In addition, the rate of falling
was 49% lower in the vitamin D plus calcium group than in the
cacium only group (95% Cl: 14%, 71%; P < 0.01; 11).

This effect may be mediated by de novo protein synthesis
(10,12), which affects muscle cell growth through a highly spe-
cific nuclear receptor expressed in muscletissue (15, 16). In one
study, treatment with 1-a-hydroxyvitamin D increased the rela
tive number and size of Type Il musclefibersin elderly women
within 3 mo of treatment (12).

In this study, we investigated whether there is an association
between 25(OH)D concentrations and lower-extremity function
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in ambulatory older adults living in the United States, whether
any such association differs by activity level, and whether there
is an identifiable threshold in this association.

SUBJECTS AND METHODS

Data source and subjects

Thethird National Health and Nutrition Examination Survey
(NHANES I11)) was conducted between 1988 and 1994 to study
the health and nutritional status of a nationally representative
sample of the noninstitutionalized US population. The survey
oversampled older persons, non-Hispanic black persons, and
Mexican Americans.

Interviews were conducted at respondents homes. Standard-
ized clinical examinations, including blood sampling and func-
tional measurements (8-foot-walk test and sit-to-stand test), in
respondents aged =60 y were conducted in mobile examination
centers and at the homes of participants (17). Of 8375 respon-
dents in that age group, 6866 (82%) consented to an interview
and 5740 (69%) were examined in the mobile examination cen-
ters. Physical performancetestswere performed in 5403 subjects
(65%). For this analysis, the final sample consisted of 4100
subjects (49%) aged =60 y for whom there were complete data
onthetimed 8-foot walk test, the repeated timed sit-to-stand test,
and serum 25(OH)D concentration. Of these 4100 subjects, 49%
were female, 58% were non-Hispanic white, 19% were non-
Hispanic black, and 20% were Mexican American. The study
protocol for thisanalysis was approved by the Human Research
Committee of the Brigham and Women's Hospital in Boston
(Protocol #2003-P-000637/1).

M easurement of lower-extremity function

Lower-extremity function was assessed by using an 8-foot
(2.4 m) walking-speed test (8-foot walk test; mean of 2trials) and
atimedtest of 5repetitionsof risingfromachair and sitting down
(sit-to-stand test). Both testswere previously described in detail
(18), weredesigned to assess| ower-extremity function, and were
found to accurately predict disability across white (18) and di-
verse (19) populations. Interrater reliability of 0.93 and test-
retest correlations of 0.89 were reported for the 8-foot walk test
(18). The previously published test-retest correlation for the sit-
to-stand test was 0.73 (20). Verbal instructions and encourage-
ment during the test were standardized (21, 22). Walking aids
were allowed for the 8-foot walk test but not for the sit-to-stand
test.

Serum concentration of 25(0OH)D

Venous blood samplesweretaken in astandardized fashionin
themobile examination centers. Serum 25(OH)D concentrations
were assayed with radioimmunoassay kits (DiaSorin, Stillwater
MN; 23). The reference range for the assay is 22.5-94 nmol/L
(9-37.6 ng/L).

NHANES I1I contains an inherent season and latitude struc-
tureto theextent that datawerecollected in the northern | atitudes
during the summer and in the southern | atitudes during the win-
ter. This structure was taken into consideration in analysis of
25(0OH)D concentrations because they have been shown to be
affected by seasonality and latitude (24).

Data on other covariates

Information on the number of medical comorbidities, self-
reported arthritis, activity level, and use of awalking devicewas
obtained in the household interview. For medical comorbidities,
a summed score was assessed from 9 comorbid medical condi-
tions: congestive heart disease, stroke, asthma, chronic obstruc-
tive pulmonary disease, emphysema, diabetes, hypertension,
myocardia infarction, and any cancer.

Respondentswere classified as“ active” if they walked 1 mile
without stopping, swam, jogged, rode a bicycle, danced, exer-
cised, or did garden work in the previous month and “ inactive” if
they did not perform any of these activities (25). Among active
subjects, physical activity intensity was assessed by the meta-
bolic equivalents (METS) on the basis of the physical activities
mentioned above. Becauseinactive subjectsdid not perform any
of these activities, they received 0 METsin this category.

Calcium intake (in mg/d) was calculated from a 24-h dietary
recall. The poverty-incomeratio (PIR) wascomputed astheratio
of family incometothe poverty threshold asestablished annually
by the Census Bureau after adjustment for changes caused by
inflation. Body massindex (BMI, in kg/m?) was measured inthe
mobile examination centers.

Statistical analysis

Linear regression models were used to model the association
between serum 25(0OH)D concentrations and |lower-extremity
function. Separate analyses were performed for the timed 8-foot
walk and the sit-to-stand tests. Serum 25(OH)D concentrations
were divided into quintiles. For descriptive statistics, means or
proportions were calculated for the different quintiles of
25(0OH)D. Crude comparisonsshownin Table 1 used t testsand
trend tests, and comparisons between races or ethnicities used
analysis of variance followed by Bonferroni’s correction. The
percentage differences in lower-extremity function from lowest
to highest quintile of 25(OH)D are based on | east-squared means
from the linear regression model.

Five covariates—sex, age (5-y categories and <80 y ver-
sus =80 y), race or ethnicity, calcium intake (<500 or =500
mg/d), and activity level (active or inactive)—were considered
aspotential effect modifiersin separate analyses. For both tests,
none of the 5 covariates significantly modified the association
between 25(0OH)D and lower-extremity function. Therefore, the
main results are presented without stratification.

The following potential confounderswere included in the linear
regression models: sex, age (5-y categories), raceor ethnicity, BMI,
PIR, daily calciumintake, number of medical comorbidities(0, 1, 2,
3, and =4), use of a walking device, sdf-reported arthritis, and
activity level plus METsin active subjects. In addition, the model
controlled for the month of assessment to adjust for seasonal
changesin vitamin D concentrations (24). The primary results re-
ported account for the NHANESI 11 stretification and clustering but
not for the sampling weights (26). This approach was sdlected be-
cause the sampling weights are primarily derived from design vari-
ables such as age, sex, race or ethnicity, and PIR. These variables
were included in the gtatistical model, and thus not using the sam-
pling weights offers a good compromise between efficiency and
bias. The point estimates are therefore population-based, but they
may not be generalizable to the entire noninstitutionalized civilian
US population aged >60'y at the time of NHANESIII.
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TABLE 1
Characteristics of the study population®
Overall
Variable Subjects value 25 (OH)D? 8-foot walk test># Sit-to-stand test®®°
n (%) nmol/L S s
Age(y) 714+ 7.9° 65.7 + 26.2 37+16 140+ 4.6
60-64 993 (24) 63.6 + 25.6 34+10 135+ 39
65-69 880 (22) 65.7 = 28.8 35+14 135+ 44
70-74 841 (21) 68.2 + 26.3 36+13 137+ 4.0
75-79 537 (13) 66.3 + 25.5 39+22 142+ 46
80-84 588 (14) 65.4 + 235 42+17 150+ 438
85-89 210 (5) 65.0 + 235 49+22 165+ 8.0
>90 51(1) 674+ 322 53+18 158+ 55
Sex
Male 2003 (49) 70.2 + 255 35+12 134+ 40
Female 2097 (51) 614 + 26.1 39+19 146+ 51
Activity level
Active 3055 (75) 68.4 + 26.2 35+13 134+ 42
Inactive 1045 (25) 57.9 + 24.6 44+22 158+ 54
Race or ethnicity
Non-Hispanic white 2399 (58) 712+ 254 3614 137+ 43
Non-Hispanic black 765 (19) 53.8 + 254 39+16 150+ 5.0
Mexican American 815 (20) 60.0 = 24.0 40+ 19 141+ 48
Other 121 (3) 64.9 + 25.8 41+20 147+ 53
BMI (kg/m?) 271+50
PIR 3649 (89) 22+19
25 (OH)D quintiles (nmol/L)
1 821 (20) 33.8+87 41+22 151+53
2 827 (20) 50.1 + 3.8 38+14 139+ 43
3 815 (20) 62.9 + 3.7 3714 141+51
4 817 (20) 772+ 47 36+16 136+ 4.3
5 820 (20) 104.8 + 19.7 35+11 134+ 38
Calcium intake (mg/d) 700 * 469
Walking device
Yes 110 (3.6) 60.4 + 26.9 6.9+ 43 195+ 7.7
No 3990 (97.3) 65.9 + 26.1 3614 139+ 44
Number of comorbidities
0 952 (23) 67.4+ 259 35+13 132+ 38
1 1305 (32) 65.4 + 25.0 36+15 138+ 45
2 1000 (24) 65.4 + 27.9 38+16 141+ 47
3 489 (12) 63.5 + 26.3 40+16 149+51
=4 354 (9) 66.4 + 25.8 42+24 157+ 6.0
Self-reported arthritis
Yes 1812 (44) 64.5+ 254 39+18 147+ 50
No 2288 (56) 66.7 + 26.7 3614 135+ 4.2

1 n = 4100. 25(0H)D, 25-hydroxyvitamin D; PIR, poverty-income ratio.

2 Significant differences were found between men and women (P < 0.0001), active and inactive subjects (P < 0.0001), the 3 main race or ethnic groups

(P < 0.0001), and subjects with and without walking devices (P = 0.031).

3 Significant associations were found with age (P for trend < 0.0001), number of comorbidities (P for trend < 0.0001), and quintiles of 25(OH)D (P for
trend < 0.0001); significant differences by sex, activity level, walking device use and nonuse, and self-reported arthritis (all: P < 0.0001).

4 Whites were significantly quicker than were blacks (P < 0.0001) and Mexican Americans (P < 0.0001).

5 Both whites (P < 0.0001) and Mexican Americans (P < 0.001) were significantly quicker than were blacks.

6% + SD (all such values).

To evaluate the dose-response relation more closely and to
assess possible thresholds, we conducted alocally weighted re-
gression plot (Lowess) of both the timed 8-foot walk test and the
repeated sit-to-stand test on serum 25(OH)D concentrationsafter
adjustment for the same covariates asthe linear regression mod-
els. The Lowess regression plot is robust and resistant to the
influence of outliers, and linearity of the association is not as-
sumed. Statistical analyses were performed with the use of
STATA software (version 7.0; Stata Corp, College Station, TX).

RESULTS

Characteristics

Characteristics of the total study population (n = 4100) and
crude descriptives for 25(0OH)D and lower-extremity function
(both 8-foot walk and repeated sit-to-stand tests) within sub-
groupsof the population areshownin Table 1. Mean (+ SD) age
of the total population was 71.4 + 7.9y, 49% of the population
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TABLE 2

Change in lower-extremity function according to quintiles of 25-hydroxyvitamin D [25(OH)D] concentrations!

Comorbidity- and activity-

Model and quintile 25(0OH)D range Crude? Demographics-adjusted® adjusted*®
nmol/L S S S
8-foot (2.4 m) walk test
1 8.743.4 0 (Reference) 0 (Reference) 0 (Reference)
2 43.7-56.7 —0.33°(—0.48, —0.19) —0.25" (—0.39, —0.11) —0.17 (-0.36, —0.02)
3 56.9-69.4 —0.445 (—0.59, —0.28) —0.31° (—0.46, —0.17) —0.228 (—0.39, —0.05)
4 69.6-85.9 —0.53° (—0.69, —0.38) —0.31°(—0.46, —0.17) —0.208 (—0.36, —0.05)
5 86.1-400.1 —0.67% (—0.83, —0.52) —0.36° (—0.51, —0.21) —0.277 (—0.44, —0.09)
Sit-to-stand test
1 8.743.4 0 (Reference) 0 (Reference) 0 (Reference)
2 43.7-56.7 —1.15°(—1.60, —0.71) —0.90° (—1.33, —0.47) —0.68" (—1.11, —0.24)
3 56.9-69.4 —0.99° (—1.43, —0.55) —0.61" (—1.04, —0.17) —0.37(—0.91, 0.16)
4 69.6-85.9 —1.48°(—1.92, —1.03) —0.89° (—1.34, —0.45) —0.578(—1.01, —0.13)
5 86.1-400.1 —1.745(—2.18, —1.30) —0.96° (—1.41, —0.51) —0.67" (—1.11, —0.23)

1 All values are x; 95% Cl in parentheses.
2P for trend < 0.0001 for both tests.

3 Adjusted for sex, age, BMI, race or ethnicity, and poverty-income ratio. P for trend < 0.0001 for both tests.
4 Adjusted for sex, age, BMI, race or ethnicity, poverty-income ratio, calcium intake, number of medical comorbidities, self-reported arthritis, use of a
walking device, month of assessment, activity level (inactive or active), and outdoor metabolic equivalentsin active elderly. P for trend = 0.001 (8-foot walk

test) and = 0.017 (sit-to-stand test).

5 Accounts for third National Health and Nutrition Examination Survey sampling stratification and clustering.
6 -8 Significantly different from reference value: °P < 0.001, 7 P < 0.01, 8 P < 0.05.

wasfemale, and 25% of the population wasclassified asinactive.
Mean 25(0OH)D concentrations were lower in inactive subjects
(57.9 = 24.6 nmol/L) than in active subjects (68.4 + 26.2
nmol/L; P < 0.0001) and lower inwomen (61.4 + 26.1 nmol/L)
than in men (70.2 £ 25.5 nmol/L; P < 0.0001).

The subject population was 58% non-Hispanic white, 19%
non-Hispanicblack, and 20% Mexican American. M ean unadj usted
25(0OH)D concentrationswerehighest inwhites(71.5 £ 25.4 nmol/
L), intermediatein Mexican Americans (60.0 + 25.4 nmol/L), and
lowest in blacks (53.8 & 24.0 nmol/L; between-race or between-
ethnicity comparisons were significant, P < 0.0001). Lower-
extremity function test performances decreased with increasing age
and with higher numbers of comorbid conditions.

Association between 25(0OH)D status and lower -extremity
function

The crude and adjusted mean differences for both the 8-foot
walk test and the sit-to-stand test by quintiles of 25(OH)D con-
centrations are shown in Table 2. We observed a significant
positive association (trend test) between the 8-foot walk test and
25(0OH)D concentrationsin the crude analysis (P < 0.0001) and
after control for demographic variablesincluding sex, age, BMI,
race or ethnicity, and PIR (P < 0.0001). This significant trend
was maintained after additional adjustment for number of med-
ical comorbidities, self-reported arthritis, use of a walking de-
vice, month of assessment, and activity level (inactive or active
and outdoor METs in active elderly) and after sampling stratifi-
cation and clustering were accounted for (P = 0.001). Compared
withthelowest quintileof 25(OH)D, the highest quintile showed an
averageimprovement of 0.27 s(5.6%). In additionto the significant
trend testsin the 3 different analyses, each quintile of 25(OH)D was
significantly different from the reference category.

Similarly, we observed a significant positive association
(trend test) between the sit-to-stand test and 25(OH)D concen-
trationsin the crude analysis (P < 0.0001) and after control for
demographic variables (P < 0.0001). The significant positive
trend was maintained after additional adjustment for number of
medical comorbidities, self-reported arthritis, use of a walking
device, month of assessment, activity level (inactive or active
and outdoor METsin active elderly) and after sampling strat-
ification and clustering were accounted for (P = 0.017). Com-
pared with the lowest quintile of 25(OH)D, the highest quin-
tile showed an average decrease of 0.67s (3.9%). In addition
to the significant trend tests in the 3 different analyses, most
quintiles of 25(OH)D were significantly different from the
reference category.

Intheadjusted analyses, active subjectswere 0.48 squicker in
the 8-foot walk test and 1.32 s quicker in the sit-to-stand test
(both: P < 0.0001) than were inactive subjects. However, effect
modification by activity level was not present, which suggests
that the sameimprovement in performance speed withincreasing
25(0OH)D concentrations was found in both active and inactive
subjects (vitamin D quintile X activity level interaction: 8-foot
walk test, P = 0.13; repeated sit-to-stand test, P = 0.29).

Regression plots for 25(0OH)D status and lower -extr emity
function

The association between 25(0OH)D concentration and lower-
extremity functionisillustrated in the regression plotsof Figure
1A and B. In both tests performance speed continued to increase
throughout the reference range of 25(0OH)D (22.5-94 nmol/L),
and most of the improvement occurred at 25(OH)D concentra-
tions from 22.5 to =40 nmol/L. Further improvement was seen
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FIGURE 1. Lowess regression plots of lower-extremity function on the 8-foot (ie, 2.4 m) walk test and the sit-to-stand test by 25-hydroxyvitamin D
[25(OH)D] concentrations. Plots are adjusted for sex, age, race or ethnicity, BMI, calcium intake, poverty-income ratio, number of medical comorbidities,
self-reported arthritis, use of awal king device, month of assessment, activity level (inactiveor active), and metabolic equivaentsinactiveelderly. Thereference
range for the 25(0OH)D assay of 22.5-94 nmol/L (9-37.6 ng/L) is marked as vertical linesin both panels.

in the range of 40-94 nmol/L, but the magnitude was much less
dramatic. Only for the sit-to-stand test did there appear to be a
decline in performance speed at the highest 25(OH)D concen-
trations (>120 nmol/L), but thisfinding is based on arelatively
small number of observations (3.3% of population).

Other factors predicting lower-extremity function in the
adjusted analyses

For the8-foot walk test, after control for quintilesof 25(OH)D,
other significant predictors of function were, in order of impor-
tance, the use of a walking device (an increase of 2.6 s), age
[increasesof 0.07,0.27,0.58,0.88, 1.41, and 1.45 sfor categories
of 65-69, 7074, 75-79, 80—84, 85-89, and >89y, respectively
(category of 60—64 vy is reference category)], Mexican American
ethnicity (increaseof 0.58s; reference category iswhiterace), black

race (increase of 0.39 s; reference category is white race), being
inactive (increase of 0.48 s), female sex (increase of 0.22 s), higher
PIR (increase of 0.10 s), self-reported arthritis (increase of 0.10 s),
presenceof comorbid condition (increaseof 0.08s), and higher BMI
(increase of 0.029).

For the repeated sit-to-stand test, after control for quintiles of
25(0OH)D, other significant predictors of function were, in order
of importance, theuse of awalking device (increaseof 4.1s), age
[increase of 0.39, 0.55, 1.39, and 2.70 sfor categories of 70—74,
75-79, 80—84, and 85-89y, respectively (category of 60—64y
isreference category)], being inactive (increase of 1.32 s), black
race (increase of 1.11 s; reference category iswhite race), being
female (increase of 0.67 s), self-reported arthritis (increase of
0.56 s), presence of comorbid condition (increase of 0.32 s), and
higher PIR (increase of 0.31 s).
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DISCUSSION

The 2 main targets for prevention of osteoporotic fracturesin
older personsare reduction in boneloss and reduction in the risk
of fals. Thus treatments that may act through both of these
targets are of high clinical value, especialy if a possible inter-
vention offers high compliance through a well-tolerated, inex-
pensive, and safe supplement, such as vitamin D.

In this population-based sample of US ambulatory adults
aged =60y, we found asignificant positive association between
25(0OH)D concentrations and lower-extremity function. This
was consistent for both performance tests and was present after
adjustment for age, sex, race or ethnicity, PIR, use of awalking
aid, BMI, number of comorbid conditions, self-reported arthritis,
month of assessment, and activity level. Lower-extremity func-
tion improved continuously with higher 25(0OH)D concentra-
tions throughout the reference range. However, most of the im-
provement occurred in 25(OH)D concentrations between the
lowest valuesand ~40 nmol/L . Further improvement wasseenin
the range of 40—-94 nmol/L, but the change was much less dra-
matic. Lower- extremity function improved between 3.9% (sit-
to-stand test) and 5.6% (8-foot walk test) from the lowest to the
highest quintile of 25(OH)D concentrations.

Guranik et a showed that both testsaccurately predict disability
acrosswhite (18) and diverse (19) populations. In other prospective
studies, walking speed wasasignificant fall-related predictor of hip
fracture[EPIDOS Study (27): relativerisk = 1.4for 1 SD decrease;
95% Cl: 1.1, 1.6], whereastheinability to risefrom achair doubled
therisk for ahip fracture [ SOF Study (28): relativerisk = 2.1; 95%
Cl: 1.3, 3.2]. Thusan association between these testsand 25(OH) D
concentrationsisclinicaly relevant.

A possible explanation for the association between vitamin D
and lower-extremity functionisthat 1,25-hydroxyvitamin D, the
active vitamin D metabolite, binds to a highly specific nuclear
receptor in muscletissue (16, 29), which leadsto de novo protein
synthesis and thus to muscle cell growth (10, 12). Glerup et a
(30) suggested that vitamin D—deficient subjects show severely
impaired muscle function before biochemical signs of bone dis-
ease appear.

Thereissome support intheliteraturefor our observation that
higher 25(OH)D concentrationsin the elderly may be preferable
tolower concentrationswith regard to muscul oskel etal function.
Low 25(OH)D concentrations have been documented in institu-
tionalized elderly in Australiawhowerepronetofalling (31), and
leg extension power was significantly decreased in ambulatory
elderly Swiss men and women with low 1,25-dihydroxyvitamin
D concentrations (32). In recently hospitalized older patients and
randomly selected ambulatory elderly in Norway, higher 25(OH)D
concentrations were correlated with better muscle strength, im-
proved musculoskeletal function, and fewer fals (33).

The positive associations between vitamin D and musculo-
skeletal function observed in these cross-sectional studies are
supported by 2 RCTs. Inambulatory elderly womenin Germany,
a study comparing a 2-mo treatment with vitamin D (800 1U/d)
plus calcium (1200 mg/d) with treatment with calcium aone
(1200 mg/d) found that body sway decreased significantly, by
9%. Inthevitamin D—treated group, mean 25(0OH)D concentrations
increased from 25.7 &+ 13.6t040.5 & 27.0 nmol/L (34). Iningtitu-
tionalized elderly women in Switzerland, supplementation with vi-
tamin D (800 1U/d) plus calcium (1200 mg/d) significantly reduced
therisk of falling by 49% (95% Cl: 14%, 71%) within3mo, bringing

mean 25(OH)D concentrations from 41.0 + 25.5 to 65.0 = 23.8
nmol/L (11). Inaddition, asignificantimprovementingrip sirength,
knee extensor and flexor strength, and the timed “up and go” test
(35) was observed in the group treated with vitamin D pluscalcium
(summed muscul oskel etal score; P = 0.0094; 4—-11%improvement
over time, depending on test).

Added to the above published reports, our results suggest that
a positive association between 25(0OH)D and muscul oskel etal
function does exist in ambulatory subjects aged =60y in the
United States, independent of activity level, sex, age, race or
ethnicity, and calcium intake.

This study confirms the high prevalence of low 25(OH)D
concentrationsinthegeneral older population and an even higher
prevalence in blacks (36, 37). The vitamin D intakes needed to
increase 25(0OH)D to desirabl e concentrati onsof 90—100 nmol/L
exceed the currently recommended intakes of 400 U/d for those
aged 51-70y and 600 1U/d for those aged >70y (38), but even
low-dose supplementation may increase the 25(0OH)D concen-
trationsin most of the older population to >40 nmol/L. Supple-
mentation of vitamin D with 700-1000 1U/d bring mean
25(0H)D concentrations to 90—100 nmol/L (1, 39—41). The
intake needed to bring most adultsto this25(OH)D rangehasnot,
however, been defined.

For the sit-to-stand test, there may be atrend toward impaired
function at the highest 25(OH)D concentrations, those >120
nmol/L. This could be due to the fact that those in the highest
25(0OH)D quintiles have been treated with vitamin D because of
osteoporosis and muscle weakness. Another potential explana-
tion is that higher 25(OH)D concentrations are toxic to lower-
extremity function in the elderly. However, the number of ob-
servations in persons with 25(OH)D concentrations >120
nmol/L was small, and we did not observe a decline in function
inthe 8-foot walk test at the highest concentrations of 25(0OH)D.

Among the main strengths of the study is its population-based
design. In addition, the consistency of the association between
25(0OH)D andlower-extremity function acrossboth testslendscred-
ibility to the main findings. Findly, the endpoint, lower extremity
function, isimportant throughitsstrong predictivevalueinregard to
disability, fals, and hip fracturesin older adults (18, 19, 27, 28).

The study also has limitations, one of which is the cross-
sectional design of the analyses, which cannot be used to estab-
lish a causal relation between vitamin D concentrations and
lower-extremity function. However, a causal relation between
vitamin D and muscul oskeletal function was shown in 2 RCTs
(11, 34), and biologic mechanisms that explain the relation be-
tween vitamin D and muscul oskel etal function seem plausiblein
thelight of the literature discussed (10, 12, 15, 16). The original
survey has apotential for response bias, which we attempted to
accommodate by using the NHANES |11 adjustments for sam-
pling stratification and clustering.

In conclusion, in both active and inactive ambulatory US men
and women aged =60y, higher concentrations of 25(OH)D are
associated with better muscul oskeletal function in the lower ex-
tremities. For optimal lower-extremity function, itisdesirableto
reach 25(OH)D concentrations of =40 nmol/L, and concentra-
tions as high as the upper end of the reference range (90—100
nmol/L) appear to beadvantageous. Giventhehigh prevalence of
low 25(0OH)D concentrations and inactivity in this national sur-
vey and the positive association between 25(OH)D and lower-
extremity function, vitamin D supplemention may offer away to
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improve lower-extremity function in both active and inactive
subjectsaged =601y. & ]

The analysis was planned by HAB-F, TD, JEO, and BD-H. HAB-F con-

ducted the analysis with contributions by TD, JEO, BDH, and FBH. All
authors evaluated the results and contributed to their interpretation. HAB-F
wrote the manuscript with input from all authors.
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