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Abstract

Background: Impairments in physical performance increase sharply with age. Low serum 25-hydroxyvitamin D
(25-OHD) levels may be a modifiable risk factor for physical performance decline.
Methods: Five hundred thirty-two participants in the Women’s Health Initiative Clinical Trial (WHI CT) were
among a 25% randomly selected subsample of women who participated in performance-based measures of
physical performance at baseline, year 1, year 3, and year 6. A physical performance summary score was derived
from three tests: timed walk, chair-stand, and grip strength. Levels of 25-OHD were measured at baseline. We
used the generalized estimating equations (GEE) method to examine repeated measures of physical performance
as a function of follow-up time since baseline according to 25-OHD concentration.
Results: In 6 years of follow-up, participants with serum 25OHD ‡ 75 nmol/L had significantly higher scores for
physical performance (b = 2.64, 95% confidence interval [CI] 0.90-4.39) compared with the reference category
(<35 nmol/L) after adjustment for age, chronic conditions, body mass index (BMI), race/ethnicity, time spent
walking outside, trial arm, clinic latitude, and season of blood draw. However, the rate of decline in physical
performance did not differ by level of 25OHD.
Conclusions: Higher baseline serum 25-OHD was associated with better physical performance but did not
reduce decline in physical performance over the 6-year period.

Introduction

Older women are at high risk of becoming disabled,
making decline in physical performance a critical health

issue in this population.1 Impairments in physical perfor-
mance, such as decreased muscle strength and balance, in-
crease sharply with age.2 Declines in physical performance are
associated with risks of death, disability, morbidity, and re-
duced quality of life,3–5 underscoring the importance of
identifying modifiable factors that contribute to the risk of loss
of physical performance with age.

Although the role of vitamin D in maintaining skeletal
health is well known, knowledge about its role in relation to
physical performance is still limited, and it is not known if
vitamin D status can predict decline in physical performance.6

25-Hydroxy vitamin D (25-OHD) is crucial for calcium ab-
sorption and to maintain calcium homeostasis.7,8 In-
sufficiency is common among older populations7–10 and has
been linked to falls,11,12 sarcopenia,13 and frailty.8 Long-
itudinal studies reveal mixed findings.14–17 The Women’s
Health Initiative Clinical Trial (WHI CT) investigators re-
ported no effect of supplementing calcium and vitamin D on
decline in physical performance, nor did they observe an in-
teraction between serum vitamin D and supplementation in
relation to physical performance.18 However, the level of vi-
tamin D supplementation in the trial was low (400 IU vitamin
D per day). New Dietary Reference Intakes (DRIs) for vitamin
D recommend 600–800 IU vitamin D supplementation per
day.19 Additionally, the analysis did not evaluate a compre-
hensive measure of performance-based function. The current
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analysis evaluates the association between serum 25-OHD
and a global scale of physical performance among 534 women
in the WHI CT.

Materials and Methods

Study population

The current study includes WHI CT participants enrolled in
the Calcium and Vitamin D Trial with baseline measures of
serum vitamin D and physical performance. The WHI CT
(n = 68,132) involved three overlapping components—Dietary
Modification trial (DM), Hormone Therapy trials (HT), and
Calcium and Vitamin D (CaD) trial—and has been described
in detail previously.20 Briefly, women 50–79 years of age were
recruited through direct mailing campaigns and media
awareness programs between 1993 and 1998 and randomized
into one or more of the clinical trials. There were 36,282 eli-
gible WHI participants from either the HT or DM trial en-
rolled in the CaD trial 12–24 months after initial enrollment.21

Baseline serum measurements of 25OHD were available for
4,785 CaD trial participants included in one of three nested
case-control studies.22 As part of the WHI’s overall goal to
identify and prevent major causes of disability, performance-
based measures of physical performance were taken from a
25% subsample of WHI CT participants aged 65–79 years
(n = 6,824). Five hundred fifty-six women from the CaD trial
with baseline serum measurements of 25OHD also partici-
pated in the physical performance subsample and were eli-
gible for inclusion in this study (women also participated in
the DM and the HT trials, n = 216 and n = 284, respectively).
Figure 1 describes the subsample that was included in the
analysis. Levels of 25-OHD were measured using the Dia-
Sorin Liaison chemiluminescent immunoassay system at
Diasorin headquarters (Stillwater, MN) as previously de-
scribed.22

Outcomes and follow-up

Physical performance was measured by trained, certified
clinical center staff blinded to treatment group at baseline and

at years 1, 3, and 6; additional details were reported previ-
ously.18,23 Timed walk and chair-stand tests provided infor-
mation on gait and dynamic leg strength, respectively. Grip
strength is a measure of upper extremity function and has
been used as a general indicator of frailty. A physical per-
formance summary score was derived by summing the decile
ranking of the best test results for each test per visit, adapting
the approach defined by Guralnik et al.4 This summary
measure is reliable among women aged ‡ 65 and highly
sensitive to change.24 A hierarchical balance test is unavail-
able in WHI-CT; therefore, the summary measure is modified
accordingly. The internal consistency of the measure in the
current analysis was assessed using the coefficient of reli-
ability (Cronbach’s alpha = 0.60).

Statistical analyses

We limited our analyses to women who completed all
three physical performance tests at baseline, resulting in a
final study population of 534. All 534 subjects returned for
their 1 year follow-up visit, 418 (97%) returned at year 3, and
498 (93%) returned at year 6. Serum 25-OHD was cate-
gorized into four categories ( < 25 nmol/L, 25–49 nmol/L,
50–74 nmol/L, and ‡ 75 nmol/L). We compared participant
characteristics across categories of serum 25-OHD using
F-tests and chi-square tests. Repeated measures analysis was
used to fit a model between change in physical performance
and baseline serum 25-OHD over time, using the generalized
estimating equation (GEE) approach. This approach uses all
available data from women in the study sample and accounts
for the within-individual dependence in observations over
time.25 Repeated measurements of physical performance
from baseline through year 6 were modeled as a function of
baseline age; self-reported race/ethnicity; clinic latitude:
(northern > 40�N), middle 35–40�N), southern < 35�N); season
of blood draw (December–February, March–May, June–
August, and September–November); baseline body mass in-
dex (BMI); baseline comorbidity index (a modified Charlson
Index previously modified for WHI data26); minutes walked
outside per week (a proxy for time spent outdoors) at base-
line; clinical trial arm; repeated measures of time (clinic visit).
Time was modeled as a categorical variable to allow for a
nonlinear relationship between time and physical perfor-
mance.

The serum vitamin D term in these models represented
differences in absolute physical performance averaged across
the 6 years of follow-up or the cross-sectional association of
vitamin D with physical performance. Interaction terms test-
ing the degree to which baseline vitamin D level was associ-
ated with changes in physical performance over time were
evaluated. The quasi -likelihood under the Independence
Model Criterion (QIC) statistic was used to assess model fit. If
inclusion of the interaction term resulted in a smaller QIC
value, the interaction term was retained. An alpha level of 0.05
was used to determine statistical significance. All longitudinal
analyses were performed using the GENMOD Procedure of
SAS software version 9.1.3.27 The study protocol was ap-
proved by institutional review boards at each participating
institution. De-identified data for this analysis were obtained
from the WHI Coordinating Center. The study was reviewed
by the Drexel Institutional Review Board and determined to
be exempt.
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WHI Clinical Trials (n= 68,132)

FIG. 1. Description of subsample of Women’s Health In-
itiative (WHI) Clinical Trials included in the analytic sample.
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Results

Serum vitamin D levels in this population ranged from 6.3
to 116.6 nmol/L (median 44.7). Serum 25-OHD varied sig-
nificantly by race/ethnicity, season of blood draw, BMI,
physical performance (Table 1). Nonwhite women were more
likely to have lower levels of serum 25-OHD.

The longitudinal associations of time (clinic visit) and se-
rum 25-OHD with physical performance are presented in
Table 2. We observed a significant, positive linear relationship
between serum 25-OHD at baseline and absolute physical
performance averaged across the 6 years of follow-up ( p for
trend < 0.001) (Table 2). In fully adjusted models, participants
with baseline serum 25-OHD ‡ 75 nmol/L scored almost 3
points higher on the physical performance summary scale
(relative risk 2.64, 95% confidence interval [CI] 0.90-4.39)
compared with the reference category ( < 75 nmol/L) (Table 2,
Model 2). Physical performance declined steadily over time.
Overall, participants’ summary score declined by 3.50 points

over the 6-year follow-up period (95 % CI - 4.01- - 2.99, p for
trend < 0.001). However, the decline in physical performance
over time did not differ by level of serum 25-OHD (time*-
serum 25-OHD p = 0.848). In other words, baseline serum vi-
tamin D had no effect on rate of change in physical
performance among women in this study sample. Results for
change in each of the component tests of physical perfor-
mance were qualitatively similar to our results for the overall
score in terms of direction of effect, although the p for trend for
timed chair-stand and timed walk was of borderline signifi-
cance ( p for trend = 0.050) (data not shown).

Discussion

Higher levels of serum 25-OHD were associated with better
physical performance but did not predict rate of change in
physical performance during follow-up. Our results are con-
sistent with two longitudinal observational studies in post-
menopausal women reporting no association between

Table 1. Baseline Characteristics of Women’s Health Initiative Participants,

According to Serum 25-OHD Classification (n = 534)

Serum 25-OHD concentration (nmol/L)

Total < 25 25–49 50–74 ‡ 75
n 534 67 255 148 64 p value

Serum 25-OHD, nmol/L* 48.2 – 21.4 18.7 – 4.7 38.1 – 6.7 61.2 – 6.8 88.5 – 12.4
Age, years, mean – SD 70.3 – 3.7 70.5 – 3.9 70.5 – 3.6 69.8 – 3.8 70.7 – 3.6 0.16
Clinic latitude, n(%)

Southern: < 35�N 128 13 (10.2) 58 (45.3) 40 (31.2) 17 (13.3) 0.70
Middle: 35–40�N 202 28 (13.9) 96 (47.5) 58 (28.7) 20 (9.9)
Northern: > 40�N 204 26 (12.7) 101 (49.5) 50 (24.5) 27 (13.2)

Season of blood draw,* n(%)
Winter 127 14 (11.0) 78 (61.4) 26 (20.5) 9 (7.1) 0.0013
Spring 119 25 (21.0) 50 (42.0) 32 (26.9) 12 (10.1)
Summer 162 19 (11.7) 70 (43.2) 46 (28.4) 27 (16.7)
Fall 126 9 (7.2) 57 (45.2) 44 (34.9) 16 (12.7)

Ethnicity,* n(%)
White, non-Hispanic 489 56 (11.4) 237 (48.5) 139 (28.4) 57 (11.7) 0.05
Nonwhite/other 44 11 (25.0) 17 (38.6) 9 (20.4) 7 (16.0)

BMI (kg/m2),* mean – SD 28.7 – 5.2 30.2 – 5.0 29.1 – 5.3 28.0 – 5.0 26.9 – 4.3 0.0007
Time walked outside, min/week, mean – SD 50.2 – 68.1 42.5 – 61.1 46.2 – 60.4 56.7 – 74.2 59.0 – 86.2 0.25
Chronic conditions,a mean – SD 0.4 – 0.6 0.4 – 0.6 0.4 – 0.6 0.3 – 0.6 0.3 – 0.5 0.26
Dietary Modification (DM) Trial, n(%)

Intervention 128 20 (15.6) 67 (52.4) 32 (25.0) 9 (7.0) 0.37
Control 190 20 (10.5) 87 (45.8) 56 (29.5) 27 (14.2)
Not enrolled 216 27 (12.5) 101 (46.8) 60 (27.8) 28 (12.9)

Calcium/Vitamin D (CaD) Trial, n(%)
Intervention 261 35 (13.4) 126 (48.3) 67 (25.7) 33 (12.6) 0.73
Control 273 32 (11.7) 129 (47.2) 81 (29.7) 31 (11.4)

Hormone Therapy (HT) Trial, n(%)
E-alone intervention 56 6 (10.7) 22 (39.3) 22 (39.3) 6 (10.7) 0.59
E-alone control 57 9 (15.8) 27 (47.4) 14 (24.5) 7 (12.3)
E + P intervention 89 10 (11.2) 43 (48.3) 20 (22.5) 16 (18.0)
E + P control 82 12 (14.6) 43 (48.3) 20 (22.5) 7 (12.3)
Not enrolled 250 30 (12.0) 120 (48.0) 72 (28.8) 28 (11.2)

Physical performance summary,* mean – SD 15.0 – 6.2 12.6 – 6.1 14.9 – 6.2 15.6 – 5.9 16.5 – 6.2 0.0009

*p < 0.05.
Values are means – standard deviation (SD) or number (%).
aModified Charlson Index includes weighted sum of myocardial infarction, congestive heart failure, peripheral vascular disease,

cerebrovascular disease, chronic pulmonary disease, connective tissues disease, ulcerative disease, liver disease, diabetes, leukemia,
lymphoma, solid tumor.

BMI, body mass index; E, estrogen; P, progesterone.
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baseline levels of 25-OHD and change in physical perfor-
mance over ‡ 3 years of follow-up.15,16 In contrast, two other
longitudinal cohort studies reported significant association
between baseline levels of serum vitamin D and change in
physical performance.14,17 Wicherts et al.14 reported signifi-
cantly greater 3-year declines in summary performance scores
comparing participants with low serum 25-OHD ( £ 50 nmol/
L) to those with high levels (75 nmol/L) in a study including
979 men and women in the Longitudinal Aging Study Am-
sterdam (LASA). This study did not report results separately
for men and women. Another longitudinal study including
656 women in the Rancho Bernardo Study (RBS) reported that
women in the lowest 25-OHD quartile ( < 80 nmol/L) com-
pared to the highest quartile had accelerated rates of decline in
the timed up and go test and timed chair-stands over 2.5 years
of follow-up.17 These two longitudinal studies reporting a
significant association between vitamin D and declines in
physical performance differ from our study in terms of the
distribution of vitamin D in the population. While the mean
level of serum 25-OHD in the LASA population was similar to
that in our study (53.9 nmol/L vs. 48.2 nmol/L), the percent of
the study population with the highest levels of vitamin D in
LASA ( ‡ 75 nmol/L) was almost twice the percent in the WHI
(18% vs. 11%).14 The mean level of serum 25-OHD in the RBS
cohort was much higher than the level in the current study
(100.8 vs. 48.2 nmol/L).17 Perhaps the observed significant
association between serum vitamin D and change in func-
tional performance in these two latter trials with greater
variability of serum vitamin D suggests that the benefits of
vitamin D are observed only among those with greater levels
of vitamin D. A small trial (n = 139) of vitamin D-deficient
older adults reported a significant improvement in an ag-
gregate measure of functional performance in the intervention
group compared to a decline in the control group over a

6-month period.28 However, very large doses of vitamin D
such as were administered in that trial may have unintended
consequences, such as an increase in falling.29 Further, this
follow-up period was very short, and it is not clear if the
improvement would be sustained over a longer follow-up
period.

Several reasons for the lack of an observed association be-
tween serum 25-OHD and change in physical performance in
the current study should be considered. There is a lack of
agreement about definitive categorizations of 25-OHD defi-
ciency, although the 25-OHD cutoffs used in this study were
previously found to be appropriate30 and the trends observed
in the current study provide credibility for their use. Current
evidence suggests that serum vitamin D levels < 50 nmol/L
indicate deficiency.30 It is also possible that the specificity of
our physical performance tests may have been inadequate to
detect the mechanisms by which 25-OHD is thought to affect
neuromuscular response, such as by affecting a specific
muscle type (e.g., fast twitch or slow twitch fibers), muscle
contraction speed, or nerve conduction velocity.11 Error in our
measurement of physical performance may have also biased
our results toward the null. The physical performance sum-
mary score was a construct in which its internal consistency
was measured with a Cronbach’s alpha value of 0.60, indi-
cating only fair reliability. Removal analysis indicated that of
the three measures available for use in this study, grip
strength was the least correlated with the total (r = 0.32). De-
spite its shortcomings, the summary score is important, as it
gives a broader measure of physical performance that is not
confined to the parameters of a single test. Finally, although
all models controlled for baseline characteristics, health sta-
tus, and physical activity, residual confounding from other
factors related to decline in physical performance may still be
present.

Table 2. Results from Longitudinal Analysis of Physical Performance Score Over 6-Year Period

as Function of Vitamin D Categories, Time, and Other Factors, Women’s Health Initiative, 1993–2005

Model 1a Model 2b

Relative risk (95 % confidence interval) Relative risk (95 % confidence interval)

Serum 25-OHD (nmol/L)
< 25 Reference (0) Reference (0)
25–49 1.64 (0.28-3.01) 1.02 ( - 0.28-2.32)
50–74 2.32 (0.89-3.75) 1.05 ( - 0.32-2.43)
‡ 75 3.66 (1.88-5.45) 2.64 (0.90-4.39)
p for trend < 0.001 0.010

Time (visit)
Baseline Reference (0) Reference (0)
Time 1 (year 1) - 0.62 ( - 1.03- - 0.20) - 0.93 ( - 1.39- - 0.48)
Time 2 (year 3) - 1.84 ( - 2.27- - 1.40) - 1.78 ( - 2.22- - 1.34)
Time 3 (year 6) - 3.56 ( - 4.06- - 3.05) - 3.50 ( - 4.01- - 2.99)
p for trend < 0.001 < 0.001

Serum 25-OHD * time
Serum 25-OHD * time 1 NA 0.0032 ( - 0.62-0.62)
Serum 25-OHD * time 2 NA 0.2459 ( - 0.40-0.89)
Serum 25-OHD * time 3 NA - 0.0223 ( - 0.78-0.74)

Physical performance score ranged from 3 (scoring in the lowest 10% for all three measures) to 30 (scoring in the highest 10% for all three
measures).

aAdjusted for clinic latitude and season.
bAdjusted for model 1 plus age, chronic conditions, BMI, race/ethnicity, time walked outside, HT trial arm, DM trial arm.
NA, not applicable.
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The WHI is a diverse longitudinal study; however, the re-
sults of this substudy, drawing from a sample that was dis-
proportionately white (92%, 510 women), must be interpreted
cautiously with respect to the general population. Further-
more, given racial disparities in disability,31 this study may
underestimate the influence of serum 25-OHD in relation to
change in physical performance.

In this longitudinal, observational study, higher serum 25-
OHD was associated with better physical performance but
did not predict change in physical performance over the
6-year period. Additional studies in diverse populations, in-
cluding randomized clinical trials of moderate to high dose
vitamin D supplementation, are warranted.
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