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Abstract
Summary—We determined the prevalence of vitamin D deficiency and lower extremity function
in women with hip fractures. Women with extremely low vitamin D levels had reduced lower
extremity muscle function and increased falls 1 year later. Ensuring vitamin D sufficiency after a hip
fracture may improve function and reduce falls.

Introduction—Hip fractures are the most devastating of fractures, commonly leading to loss of
independent ambulation and living. In this retrospective analysis we determined the prevalence of
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vitamin D deficiency in women with hip fractures and the association between 25-hydroxyvitamin
D [25(OH)D] levels and functional impairment one year later.

Methods—One hundred ten community-dwelling women with hip fractures were recruited from
Boston, MA (n= 30) and Baltimore, MD (n=80) before 1998 and 25(OH)D levels were measured by
radioimmunoassay. In a subset of women from Baltimore, a performance measure of the lower
extremities using the lower extremity gain scale (LEGS) was measured at 2, 6, and 12 months. Falls,
grip strength, chair rise time, walking speed, and balance were also determined.

Results—Vitamin D insufficiency defined as a 25(OH)D ≤32 ng/mL was present in 96% of the
women with hip fractures and 38% had extremely low levels ≤9 ng/mL. At 1 year post-fracture,
compared to women with a 25(OH) D >9 ng/mL, those with 25(OH)D ≤9 ng/mL had poorer LEGS
performance (p<0.0001) and higher fall rates, without group differences in grip strength or balance.

Conclusion—Vitamin D sufficiency may have important effects on lower extremity function
following hip fractures, without excessive healthcare costs.
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Introduction
Hip fractures increase exponentially with age and are associated with progressive loss of
muscle mass and functional capacity [1–3]. More than half of subjects with hip fractures lose
the ability to walk independently; there is markedly increased morbidity and mortality in
women and men with hip fractures [2,4,5]. Because the number of patients with hip fractures
is expected to increase several-fold in the next 20 to 50 years, it is important to understand
what factors contribute to morbidity associated with hip fractures with the goal of optimizing
bone health and functional independence after hip fractures [6].

In addition to the well-established role for vitamin D in calcium homeostasis, recent data show
that vitamin D is important for muscle function. For example, there are receptors for vitamin
D on muscle cells that decrease with advancing age [7]. Data from a cross-sectional analysis
of lower extremity function in older women enrolled in the civilian United States National
Health and Nutrition Examination Survey (NHANES III) showed an association between very
low 25-hydroxyvitamin D [25(OH)D] concentrations, a measure of steady-state vitamin D,
and reduced ability to walk 8 feet and perform sit-to-stand tests [8]. Although vitamin D
deficiency is often present in the elderly with hip fractures [9,10], the effects of low vitamin
D levels on long-term functional recovery following hip fractures are not known. The
objectives of this study were 1) to evaluate the prevalence of vitamin D deficiency in
community-dwelling women with hip fractures according to current boundaries of vitamin D
sufficiency, and 2) to test the hypothesis that very low 25(OH)D levels at the time of fracture
are associated with impaired lower extremity function and increased falls monitored
longitudinally for 1 year after a hip fracture.

Methods
Study population

One hundred and ten community-dwelling women between 59 and 95 years of age with hip
fractures were enrolled: 30 women in Boston, Massachusetts, and 80 women in Baltimore,
Maryland. Women with high-energy fractures or not community dwelling at the time of fracture
were excluded from these studies. The Boston cohort of 30 white women with new hip fractures
and no other secondary causes for osteoporosis was part of a larger study of 98 women,
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including 68 control women admitted for joint replacement for non-inflammatory arthritis.
Subjects were recruited from the community between 1995 and 1998 and provided information
regarding lifestyle, reproductive factors, calcium intake, and physical activity as previously
reported [9]. The Baltimore cohort of 80 white women who presented with fresh hip fractures
was part of a larger study of 205 patients recruited between 1992 and 1995. A complete
description of how they were recruited and serum analyses that were performed was already
reported on this population [1]. In the study presented here, all women who provided serum
for the vitamin D assay (i.e., n=80) are included. Subjects provided information regarding pre-
fracture functioning; their co-morbidity information was collected through medical chart
review. The 80 subjects from Baltimore included in this report were younger than the other
patients not providing serum samples for vitamin D (mean age 79.7±8.0 versus 81.9±7.5 years,
p=0.05) and had fewer co-morbid conditions [mean modified Charlson comorbidity score
(described below) of 1.78±1.64 versus 2.10±1.49, p=0.16].

Vitamin D levels
In both cohorts, serum samples were obtained within 10 days post fracture and stored 25(OH)
D levels were measured using radioimmunoassay (DiaSorin, Stillwater, Minn). Although 25
(OH)D assays show variability among laboratories, this assay accurately reflects administered
vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol), and results are reported to
correspond well with HPLC values [11,12]. The normal range for that assay until recently was
indicated to be 9 to 53 ng/mL. The inter-assay and intra-assay reproducibility for that assay
were 12 to 14% and 8.7 to 10%, respectively [13].

There has been a redefinition of the boundaries that describe low vitamins D levels. Data show
that calcium absorption is optimal, PTH levels are not elevated, and fracture risk is reduced at
25(OH)D levels greater than 75–80 nmol/L (30 to 32 ng/mL) [10,14–17]. In this paper we
describe vitamin D status in hip fracture patients according to the recently defined boundaries
for vitamin D deficiency and sufficiency, information that was not included in our previous
publications [1,9].

Thus, vitamin D “sufficiency” in our cases of hip fractures is defined as a 25(OH)D level >80
nmol/L or 32 ng/mL. Although vitamin D “deficiency” was defined previously as 25(OH)D
levels of 37.5 nmol/L (15 ng/mL) [18] or lower, some experts now define vitamin D deficiency
as a 25(OH)D level of ≤50 nmol/L (20 ng/mL) [17,19]. Because 25(OH)D level ≤22.5 nmol/
L (9 ng/mL) represents a level below which osteomalacia and impaired muscle function may
be present, we analyzed muscle function according to this extremely low level of 25(OH)D
[8]. The very low vitamin D levels in this subset at that time made it possible to assess the
effects of extreme vitamin D deficiency on longitudinal measures of muscle function in the
Baltimore cohort as described below.

Intact PTH levels were measured by immunoradiometric assay (IncStar Corporation,
Stillwater, MN) at 3, 10, 60, 180, and 365 days post fracture. As reported previously, consistent
with the presence of vitamin D deficiency presented here, PTH levels rose gradually after
fracture and were significantly elevated at 365 days compared with all other time points
(P<0.0001) [1,2]. Baseline samples for 25(OH)D levels were stored and measured in the same
assays at the end of the study to reduce inter-assay variability. According to the study protocol,
the investigators provided recommendations on the management of osteoporosis according to
the National Osteoporosis Foundation (NOF) guidelines including calcium, vitamin D and
physical activity. Bone density results were provided to patients and their primary care
providers.
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These studies were reviewed and approved by the Institutional Review Boards of the respective
institutions and informed consent was obtained from each of the participants or a designated
proxy.

Functional measures
Longitudinal functional testing after hip fracture was performed in the women enrolled in the
Baltimore Hip Study during (or within 10 days of) hospitalization and at 2, 6, and 12 months
post-fracture [20].

Lower extremity gain scale
Lower extremity performance was measured with the lower extremity gain scale (LEGS) [2].
The LEGS is a performance-based measure that focuses on clinically relevant aspects of lower
extremity functioning for hip fracture subjects. The LEGS score is a composite measure of
nine lower extremity functions, which include walking 3 meters (~10 feet), climbing up and
down four stairs, rising from a chair, putting a sock and shoe on the affected leg, reaching for
an item on the floor from a sitting position, and getting on/off the toilet. A clinically meaningful
difference in the LEGS scores for a population in this age range has been shown to be 2–3
points [2].

Walking speed
The time needed to walk up to 3 meters (10 feet) at normal speed was measured to compute a
walking speed (m/sec). Walking speeds were categorized by quartiles derived from published
sources for normal elderly persons. In addition, 1 point was added to the score for subjects able
to perform without needing assistance (e.g., a cane or walker). The scale ranges from 0 to 5,
with higher scores indicative of better walking speed.

Chair rise time
The amount of time in seconds required to stand up from a chair with a level seat 0.42 m (1.38
feet) from the floor without using arms was assessed. The time was measured in seconds and
categorized by quartiles derived from unpublished sources [3] for persons who had not
fractured a hip. In addition, 1 point was added to the score for subjects able to rise without
using their arms. The scale ranges from 0 to 5, higher score representing faster rising.

Grip strength
Strength was measured with a JAMAR Hydraulic Hand Dynamometer. After a practice test,
scoring was based on the mean of the second and third tests.

Falls
Falls were recorded in a diary for the 80 women with hip fractures and summarized in patient
and proxy follow-up surveys at 1, 2, 4, 6, 9, and 12 months post-fracture. Subjects were
classified as fallers if they fell one or more times in the year post-fracture.

Balance
Balance was measured at 6 months by monitoring the length of time subjects could stand with
eyes closed.

Co-morbidity
A modified Charlson type co-morbidity index was constructed from information derived from
abstraction of medical charts. The index was developed by summing points awarded for each
co-morbid condition based on the following scheme: 1 point for myocardial infarction,
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congestive heart failure, DVT or peripheral vascular disease, dementia or disorientation/
confusion/delirium, COPD, arthritis, ulcers, or diabetes; 2 points for cancer or stroke; 3 points
for cirrhosis. The score, thus, ranges from 0–15 with higher score indicating poorer health
status. The resulting summary scores observed for these subjects ranged from 0 to 7 points,
with a mean of 1.79 points (SD=1.63).

Pre-fracture functioning
Patients self-report of the number of activities of daily living (ADLs) in which they were
impaired (needed equipment or human assistance or were unable to perform) was summarized
to create an index of pre-fracture functioning. The ADLs included were walking 10 feet or
across the room; walking one block; climbing five steps; getting into/out of a car; transferring
into/out of bed; rising from an armless chair; putting on pants; putting on shoes and socks;
getting into the bath; taking a bath; getting on to/off of the toilet; and reaching for an item on
the ground from a sitting position.

Statistical analyses
Longitudinal data were analyzed with Proc Mixed in SAS version 8. An unstructured
covariance matrix was specified and robust standard error terms were used. The analyses were
adjusted for baseline ADLs dependence, age, summary score of co-morbidity, body mass
index, and baseline levels of the dependent variables.

Results
The mean ages (±SD) for the Boston and Baltimore cohorts were 77.9±9.2 and 79.7±8.0 years,
respectively. The median 25(OH)D levels were 32.5 nmol/L and 25.5 nmol/L (13.0 and 10.2
ng/mL), respectively. In the combined groups, vitamin D deficiency (defined as a 25(OH)D
level of ≤50 nmol/L (20 ng/mL) was present in 85% of the subjects (Table 1). Extremely low
25(OH)D levels, defined as ≤22.5 nmol/L (9 ng/mL), were present in 38% of the women. The
80 women who were enrolled for longitudinal studies were classified on the basis of 25(OH)
D levels equal to or less than or greater than 22.5 nmol/L (9 ng/mL), the lower limit of the
assay when this study was performed (Table 2). There was significantly greater co-morbidity
in the group with 25(OH)D levels ≤22.5 nmol/L (9 ng/mL) and fewer subcapital fractures
(p=0.02), but other baseline characteristics were comparable.

At 2, 6, and 12 months post-fracture, functional LEGS parameters, chair rise time, and grip
strength were measured in a subset of between 44 to 55 subjects. Subjects with baseline 25
(OH)D >22.5 nmol/L (9 ng/mL) showed an increase in LEGS performance with time after
fracture whereas those with lower levels of 25(OH)D did not (P<0.0001, Fig. 1). There was
also a significant difference in the chair stand time subscale at 6 months (P<0.05, Table 3).
There were no differences, at any time, in grip strength or other measures of upper limb function
(Table 3).

Baseline 25(OH)D levels were compared in those who fell once or more in the year post-
fracture compared with those having no falls in that time interval. As shown in Fig. 2, women
with 25(OH)D levels ≤22.5 nmol/L (9 ng/mL) were more likely to fall than those with levels
greater than 22.5 nmol/L (9 ng/mL) (51.5% versus 30.0%, chi square with 1 df=3.88, p=0.049).
In addition, balance times for the task “standing with eyes closed” were tested at 6 months.
There was no difference between the two groups; for subjects with a very low 25(OH)D level
at baseline (≤22.5 nmol/L) (9 ng/mL), mean standing time was 29.0 seconds; for those with
25(OH)D levels >22.5 nmol/L (9 ng/mL) the mean time was 28.3 seconds (p=0.68.)
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Discussion
Hip fractures increase exponentially with age and are associated with impaired function,
disability, and increased mortality. This study shows that according to the current thresholds
for low vitamin D levels, 85% of the women admitted with hip fractures in Boston and
Baltimore had vitamin D deficiency defined as a 25(OH)D level less than 50 nmol/L (20 ng/
mL), and only 4% of these women had 25(OH)D levels in the sufficient range of >80 nmol/L
(32 ng/mL). Extremely low levels of vitamin D of ≤22.5 nmol/L (≤9 ng/mL) were present in
38% of the women at the time of fracture; these extremely low vitamin D levels were associated
with impaired lower extremity function and elevated risk of falls one year post-fracture,
features that were not explained by differences in balance. To our knowledge, this is one of
the first studies to report that very low levels of vitamin D at the time of fracture are associated
with impaired lower extremity function one year later.

Vitamin D-deficiency and insufficiency have been linked to the risk of an increase in PTH
levels, which can adversely affect the skeleton. Although thresholds for vitamin D deficiency
defined as the level at which PTH levels increase may be affected by calcium intakes, vitamin
D deficiency is well established in patients with low bone mass, elderly residents of nursing
homes, centarians, and hospitalized subjects with co-morbid medical conditions [13,18,21,
22]. Previous data from the United States and Europe indicate that vitamin D deficiency is
underdiagnosed in adults with hip fractures [9,10]. Despite the prevailing data that vitamin D
deficiency is preventable and treatable, <29% of subjects with hip fractures are treated with
calcium and vitamin D or other therapies to reduce fractures [23,24]. Although to our
knowledge there are no long-term studies, a short-term study in a rehabilitation hospital in Italy
showed a positive association between 25(OH)D levels in hip fracture subjects and functional
recovery assessed by the Barthel Index score [25]. According to our data, after one year the
composite LEGS score was markedly lower and the number of falls was greater in women with
extremely deficient baseline 25(OH)D levels. Although this was not a randomized or an
intervention study, our data suggest that a higher vitamin D level at the time of fracture is
associated with better lower extremity task performance and a reduced likelihood of falling
during the year following a hip fracture. These results could be explained by the following
biologic mechanism: it is possible that the very low 25(OH)D levels did not provide sufficient
substrate for the kidney to convert 25(OH)D to 1,25 dihydroxyvitamin D, which binds to 1,25
dihydroxyvitamin D receptors in muscle. The renal 1-hydroxylase, however, is activated by
low levels of calcium and phosphorus or high concentrations of parathyroid hormone. Thus,
patients with severe vitamin D deficiency may have normal, low, or even high 1, 25
dihydroxyvitamin D levels. There is increasing interest in the autocrine and paracrine effects
of vitamin D and the intracellular conversion of 25-hydroxyvitamin D to 1,25-
dihydroxyvitamin D in many tissues [26,27]. Therefore, the reduced substrate availability in
hip fracture patients and low intra-cellular conversion of 25-hydroxyvitamin D to 1, 25
dihydroxyvitamin D may potentially contribute to their muscle weakness, impaired lower
extremity muscle function, and increased falls.

Recent data suggest a possible link between vitamin D deficiency and musculoskeletal
function. Vitamin D deficiency may lead to loss of type II muscle fibers, and thereby to atrophy
of proximal muscles with an increased risk of falling and fractures [28]. In addition, other
studies indicate an association between 25(OH)D levels and lower extremity functional
parameters. In a cross-sectional analysis of subjects enrolled in NHANES III study who were
60 years or older, those with 25(OH)D levels between 40 and 94 nmol/L (16.0 to 37.7 ng/mL)
had better lower extremity muscle function (walking speed and chair rise) than those with lower
levels [8].
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Vitamin D deficiency is also associated with musculo-skeletal pain and dysfunction, which
may be improved with vitamin D replacement. In a study of 150 patients with musculoskeletal
pain, 93% of the patients had vitamin D deficiency with a 25(OH)D level of <50 nmol/L (20
ng/mL). In a population survey among 349 elderly participants, Mowe et al. found reduced
muscle function in the subjects with low vitamin D levels [29]. In that study, vitamin D levels
were positively associated with arm muscle strength, ability to climb stairs, physical activity
and the absence of fall occurrences. In another study 6-month treatment with a vitamin D analog
(alphacalcidol) led to significant improvements (compared with controls) in isometric knee
extensor strength and an increase in walking distance [30]. A randomized study in elderly
women indicated that supplementation with vitamin D (800 IU/d) and calcium compared with
calcium alone lead to a 49% reduction in falls and improved musculoskeletal function in only
3 months [31]. In addition, a meta-analysis of randomized controlled studies concluded that
vitamin D supplementation significantly reduces the risk of falls among older healthy
individuals by 22% [32]. Thus, on the basis of the available data and those presented here, low
vitamin D levels may lead to impaired muscle function and increased risk of falls, which may
be reversible.

Several but not all studies show an association between vitamin D therapy and reduced risk of
fractures. A randomized controlled trial in older British subjects of 100,000 IU of vitamin
D3 every 4 months reported reduction of fractures with restoration of vitamin D levels to 75
nmol/L (30 ng/mL) [33]. In the large Women’s Health Initiative Calcium and Vitamin D trial,
postmenopausal women with average calcium intakes of ~1150 mg/day were randomized to
1000 mg of calcium carbonate with 400 units of vitamin D versus placebo. According to an
intention to treat analysis, calcium and vitamin D supplementation did not reduce the risk of
hip fractures. However, adherent women who took at least 80% of their supplements had a
29% reduction in hip fracture; and in women 60 years of age and older there was a significant
21% reduction in hip fractures [34]. In another study, elderly ambulatory women who were
institutionalized with mean 25(OH)D levels of ~22.5 nmol/L (9.0 ng/mL), supplementation
with calcium and vitamin D3 led to a decrease in secondary hyperparathyroidism and a 43%
reduction in hip fractures [10]. However, a recent randomized, placebo-controlled trial
(Randomized Evaluation of Calcium or Vitamin D) found no difference in the incidence of
new fractures among participants allocated to calcium (1000 mg) and those who were not and
participants allocated to vitamin D3 (800 IU/D) and those who were not [35]. Low compliance
was a limitation of that study, with 54.5% of subjects taking tablets at 24 months and the
achieved 25 (OH)D level was only 62 nmol/L (25 ng/mL), which is below the 25(OH)D level
associated with reduced fracture risk of >75 to 80 nmol/L (30 to 32 ng/mL) [16].

The significance of our study relates to the needed care for patients with hip fractures who are
at high risk for reduced functional recovery and mortality. Extremely low vitamin D levels are
common in hip fracture patients and they may lead to impaired lower extremity functional
recovery and increased falls. We have put in place hip fracture care pathways at Brigham and
Women’s Hospital and the University of Maryland to transform the clinical care of patients
with hip fractures [36,37]. A limitation of our study is that, because only a small fraction of
women with a hip fracture had a 25(OH)D level that was in the “sufficient range” (greater than
80 nmol/L or 32 ng/mL), we could not assess changes in functional performance over a wide
range of 25(OH)D levels. Second, longitudinal performance measures were studied in 44 to
55 subjects and the possibility of residual confounding cannot be eliminated, although
longitudinal analyses were adjusted for age, a summary score of co-morbidity, body mass
index, and baseline activities of daily living. In addition, we do not have important information
on the re-fracture rate in these women with low vitamin D levels. Finally, we do not have
information about vitamin D treatment after this study was completed.
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At the present time, the standard of care nationally does not include supplementation of hip
fracture subjects with vitamin D and calcium. Correction of vitamin D deficiency may be a
key factor in functional benefits of rehabilitative programs, fracture repair, and deriving
maximal benefits from potent inhibitors of bone resorption and anabolic agents. Definitive
tests of the independent or combined effects of vitamin D on lower extremity function, fall
prevention, and other adverse outcomes of hip fracture need to await randomized clinical trials
in which administration of therapeutic doses of vitamin D to correct vitamin D insufficiency
are evaluated following a hip fracture. Until more information is available, the current clinical
implications from this and other recent studies for hip fracture patients are as follows: 1) vitamin
D levels should be measured in patients with hip fractures and low vitamin D levels should be
treated with appropriate doses of vitamin D; 2) changes in hospital wide-policies are necessary
to ensure adequate calcium and vitamin D supplementation/replacement; 3) definitive
treatment of the underlying osteoporosis or metabolic bone disease should be systematically
and routinely implemented. There are national efforts through the Center for Medicare and
Medicaid Services in the United States that seek to improve fracture care. A new 2007 and
2008 initiative through the Physician Quality Reporting Initiative (PQRI) includes osteoporosis
care and management as a quality measure for adults with fractures [38].

In summary, there is a high prevalence of vitamin D deficiency in community-dwelling
American women with hip fractures. Measurement of vitamin D-deficiency is easily
preventable and treatable. Correction of vitamin D deficiency in fracture patients with
pharmacological doses of vitamin D may potentially improve lower extremity function and
hip fracture repair and reduce the risk of falls, which are commonly associated with hip
fractures. However future prospective trials are necessary to demonstrate the long-term effects
of vitamin D repletion at the time of hip fracture on lower extremity muscle function, falls, and
the refracture rates. Until those data are available, supplementation with vitamin D of 800–
1000 units/day, or much higher doses in the setting of vitamin D deficiency may be critical for
the prevention of falls and fractures in the elderly.
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Fig. 1.
Effect of vitamin D status on lower extremity gain scale (LEGS, M ± SEM), measured at
intervals following hip fracture. Subjects were classified on the basis of serum 25(OH)D levels
on admission for hip fracture
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Fig. 2.
Falls were more common in the group of patients who had vitamin D levels in the low range.
Subjects with 25(OH)D levels ≤22.5 nmol/L (≤9 ng/mL) were more likely to fall than those
with levels greater than 22.5 nmol/L (>9 ng/mL) (51.5% versus 30.0%, chi square with 1
df=3.88, p=0.049). The mean (SD) baseline 25(OH)D levels for fallers was 26.50 (13.50)
versus non-fallers 33.75 (24.75)
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Table 1
Frequency of boundaries of 25-Hydroxyvitamin D level

Extremely low ≤22.5
nmol/L (≤9 mg/mL) n
(%)

Deficiency ≤50 nmol/
L (≤20 ng/mL) n (%)

Insufficiency ≤80 nmol/
L (≤32 ng/mL) n (%)

Sufficiency >80 nmol/
L (>32 ng/mL) n (%)

Combined groups 42 (38%) 94 (85%) 106 (96%) 4 (4%)
Boston 10 (33%) 23 (77%) 27 (90%) 3 (10%)
Baltimore 32 (40%) 71 (89%) 79 (99%) 1 (1%)
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Table 2
Baseline characteristics of the subset of 80 women who had functional parameters measured up to 1 year after a hip
fracture (m ± SD)

Measure All Subjects (n=80) 25(OH)D ≤22.5 nmol/
L [≤9 ng/mL (n=32)]

25(OH)D >22.5 nmol/L
[>9 ng/mL (n=48)]

p-value

a25-hydroxy Vitamin D (ng/
mL)

30.75 (21.5) 15.25 (5.5) 36.58 (22.0) <0.001

Age in years 79.7 (8.0) 80.8 (7.3) 78.9 (8.4) 0.32
Pre-fracture 1.64 (1.65) 1.83 (1.83) 1.51 (1.53) 0.42
Comorbidity 1.79 (1.63) 2.31 (1.96) 1.44 (1.27) 0.02
BMI (kg/m2) 23.5 (4.1) 23.1 (4.5) 23.8 (4.0) 0.54
Subcapital fracture 53.8% 37.5% 65.2% 0.02
Arthroplasty 47.4% 46.7% 47.8% 0.92

a
To convert nmol/L to ng/mL multiply by 0.4
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Table 3
Longitudinal analyses of other performance measures function of 25(OH)D levels a

Longitudinal analysis (months)

Performance measure 2 months 6 months 12 months
Chair subscale
  25(OH)D ≤ 22.5 nmol/L 2.83 (0.26) 2.56 (0.30) 2.73 (0.24)
  25(OH)D > 22.5 nmol/L 3.00 (0.12), ns 3.32 (0.11), p<0.05 3.21 (0.14), ns
Grip strength (kg)
  25(OH)D ≤ 22.5 nmol/L 16.30 (0.69) 17.06 (0.84) 16.53 (0.89)
  25(OH)D > 22.5 nmol/L 17.74 (0.60), ns 16.86 (0.76), ns 16.90 (0.89), ns

a
Means and standard errors [mean, (SEM)] were adjusted for age, ADL impairments, co-morbidity, and BMI

b
22.5 nmol/L=9 ng/mL

Osteoporos Int. Author manuscript; available in PMC 2008 November 3.


