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Context: Vitamin D deficiency is common among older adults, but the association between
25-hydroxyvitamin D [25(OH)D] levels and rates of bone loss is uncertain.

Objective: Our aim was to test the hypothesis that lower 25(OH)D levels are associated with higher
rates of hip bone loss in older men.

Design and Setting: We conducted a prospective cohort study in six U.S. centers.

Participants: A total of 1279 community-dwelling men aged 65 yr or older with 25(OH)D levels
(liquid chromatography-tandem mass spectroscopy) and hip bone mineral density (BMD) (dual-
energy x-ray absorptiometry) at baseline and repeat hip BMD an average of 4.4 yr later participated
in the study.

Main Outcome Measure(s): We measured the annualized percentage rate of change in hip BMD.

Results: After adjustment for multiple potential confounders, the average rate of decline in total
hip BMD was �0.59%/yr among men with 25(OH)D levels below 15.0 ng/ml, �0.54%/yr among men
with 25(OH)D levels 15.0–19.9 ng/ml, �0.35%/yr among men with 25(OH)D levels 20.0–29.9 ng/ml,
and �0.37%/yr among men with 25(OH)D levels of at least 30 ng/ml (P trend � 0.008 for multi-
variable model). Evidence was strong to support an association among men aged 75 yr and older
(P trend �0.001), but not among younger men (P trend � 0.55). Findings were similar when
25(OH)D level was expressed in quintiles and when BMD at hip subregions was substituted for total
hip BMD.

Conclusions: In this cohort of community-dwelling older men, men with 25(OH)D levels below 20
ng/ml had greater subsequent rates of hip bone loss, but rates of loss were similar among men with
higher levels. These results lend support to the view that low 25(OH)D levels are detrimental to
BMD in older men. (J Clin Endocrinol Metab 94: 2773–2780, 2009)
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Lower levels of circulating 25-hydroxyvitamin D [25(OH)D]
are increasingly prevalent with advancing age (1). It has

been postulated that lower levels of 25(OH)D among older peo-
ple due to limited sun exposure plus impaired rates of formation
of vitamin D3 in the skin, as well as lower dietary vitamin D
intake, lead to compensatory secondary hyperparathyroidism
with greater bone resorption, higher rates of bone loss, and an
increased risk of fractures (2). Although the level of 25(OH)D is
widely accepted as the best indicator of vitamin D status, there
is no uniform consensus on what cutpoints of serum 25(OH)D
concentrations to use in defining vitamin D status for bone health
(3). Possible endpoints might include the 25(OH)D concentra-
tion below which rates of bone loss are increased for vitamin D
deficiency and the 25(OH)D concentration above which bone
loss is minimized for adequate or sufficient vitamin D status.
However, there is inconsistent evidence to support an association
between baseline 25(OH)D level and subsequent rate of change
in bone mineral density (BMD) (4–10). In particular, data in
older men are lacking. Prior investigations have been limited by
small sample sizes, lack of control of potential confounders, or
choice of analytical methods used to measure 25(OH)D.

To test the hypothesis that lower 25(OH)D levels are asso-
ciated with higher rates of hip bone loss among community-
dwelling older men, we measured 25(OH)D and hip BMD in a
cohort of 1279 community-dwelling men at least 65 yr of age
enrolled in the Osteoporotic Fractures in Men (MrOS) study and
followed them prospectively for an average of 4.4 yr for changes
in hip BMD.

Subjects and Methods

Participants
From March 2000 through April 2002, 5995 men who were at least

65 yr of age were recruited for participation in the baseline examination
of MrOS (11), a study of healthy aging in older men with a focus on
osteoporosis. Men were recruited from population-based listings in six
regions of the United States (12). Men with a history of bilateral hip
replacement and men who were unable to walk without the assistance of
another person were excluded from MrOS. The Institutional Review
Board at each center approved the study protocol, and written informed
consent was obtained from all participants.

Among the overall cohort of 5995 participants, 5908 men had foil-
wrapped vials to prevent UV exposure and were initially eligible for
participation in this analysis. A random sample comprised of 1608 men
was selected from the cohort of 5908 men for measurement of 25(OH)D.
We excluded one participant with insufficient serum and another with a
25(OH)D level more than 3 SD values above the mean (75.6 ng/ml),
leaving 1606 men eligible for this analysis. Of these, a total of 1279 men
(80%) with baseline and repeat hip BMD measurements are the subject
of this analysis.

Measurement of 25(OH)D
Fasting morning blood was collected; serum was prepared immedi-

ately after phlebotomy and then was stored at �70 C. All samples re-
mained frozen until assay in foil-wrapped vials to prevent UV exposure.
Measures for 25(OH)D2 (derived from ergocalciferol) and 25(OH)D3

(derived from cholecalciferol) were performed at the Mayo Clinic using
mass spectrometry as previously described (13). Deuterated stable iso-
tope (d3-25-hydroxyvitamin D) was added to a 0.2-ml serum sample as
internal standard. 25(OH)D2, 25(OH)D3, and the internal standard

were extracted using acetonitrile precipitation. The extracts were then
further purified online and analyzed by liquid chromatography tandem
mass spectroscopy using multiple reaction monitoring. 25(OH)D2 and
25(OH)D3 were quantified, reported individually, and summed for total
25(OH)D. The minimum detectable limit for 25(OH)D2 was 4 ng/ml,
and for 25(OH)D3 was 2 ng/ml. Duplicate pooled serum controls were
included in every other assay run. Using the pooled serum, the interassay
coefficient of variation (CV) was 4.4%, and the intraassay CV was 4.9%.

BMD
BMD at the total hip and two subregions (femoral neck and trochanter)

was measured at baseline and follow-up (latest available) examinations
[mean (SD), 4.4 (0.8) yr between examinations] using dual-energy x-ray
absorptiometry (DXA) with Hologic QDR-4500W scanners (Hologic,
Inc., Bedford, MA). Repeat measurements were performed on the same
instruments used for the initial measurements. A central quality control
laboratory, certification of DXA technicians, and standardized proce-
dures for scanning were implemented to ensure reproducibility of DXA
measurements. At baseline, a hip phantom was circulated and scanned
at the six clinical centers. Cross-calibration studies indicated no linear
differences across scanners, and the interscanner CV was 0.9%. Each
clinic scanned a hip phantom throughout the study to monitor longitu-
dinal changes, and correction factors were applied to participant data as
appropriate. In addition, multivariable models included an indicator
variable for the individual center to adjust for interclinic differences. The
rate of change in hip BMD was expressed as an annualized percentage of
the initial value as percentage change in BMD per year.

Other measurements
Participants completed a questionnaire, were interviewed at the base-

line examination, and were asked about health status, smoking status,
and alcohol use. Physical activity was assessed using the Physical Activity
Scale for the Elderly (PASE) (14). Total calcium and vitamin D intake
(foods and supplements) was estimated by using a modified Block food-
frequency questionnaire (Block Dietary Systems, Berkley, CA). Participants
were asked to bring all current medications with them to the clinic for
verificationofuse.Testsof lowerextremityperformance includedtheability
to rise up from a chair (without using the arms) five times. Body weight and
height measurements were used to calculate a standard body mass index
(BMI).Usingbaseline storedsera, serumcreatininewasmeasured (n�1200
participantsamongthe1279men in thecohort)usingavariationof the Jaffe
enzymatic method. The interassay CV was 5.3%. Renal function was ex-
pressed as estimated glomerular filtration rate (eGFR) in ml/min/1.73 m2

using a standardized serum creatinine-based formula (15).

Statistical analysis
Characteristics of participants at the baseline examination by quintile

of total 25(OH)D level were compared using �2 for categorical variables
and ANOVA for continuous variables.

Because there is controversy regarding cutpoints for defining vitamin
D deficiency, the primary predictor variable, 25(OH)D level, was ex-
pressed as quintiles and as categories based on vitamin D status defined
as 25(OH)D level less than 15.0 ng/ml, 15.0–19.9 ng/ml, 20.0–29.9
ng/ml, and 30.0 ng/ml or greater (3). Linear regression was used to cal-
culate the mean annualized rate of change in BMD at the total hip and
subregions by quintile and category of 25(OH)D level. Tests for linear
trend were performed. Initial models were adjusted for age, race, site,
season, BMI, and baseline hip BMD (base model); then for multiple
potential confounders (multivariable model). Factors previously associ-
ated with the rate of change in hip BMD in the MrOS cohort or those
related to 25(OH)D level at P � 0.20 were considered for inclusion in
multivariable models; covariates included age, race, site, season, BMI,
hip BMD, health status, physical activity level, smoking status, alcohol
intake, and a measure of lower extremity strength (inability to rise from
a chair five times without using the arms).

Because any association between 25(OH)D level and rate of change
in hip BMD might be modified by baseline BMD, physical activity, or
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age, we evaluated for the presence of interactions between 25(OH)D
level (expressed as an ordinal variable using quintiles and as categories)
and baseline total hip BMD [expressed as a continuous variable and
dichotomous variable (�0.954, median, vs. �0.954 g/cm2)], PASE score
[expressed as a continuous variable and dichotomous variable (�147,
median, vs. �147)], and age [expressed as a continuous and dichoto-
mous variable (�75 vs. �75 yr)] for the prediction of rate of change in
BMD. We performed secondary analyses stratifying participants by me-
dian BMD value, median PASE score, and age group. In the 1200 par-
ticipants who had baseline serum creatinine, we also examined the effect
of renal function on the association between 25(OH)D and rate of
change in hip BMD and performed an analysis stratifying participants
by level of eGFR (�60 vs. �60 ml/min/1.73 m2). Because 25(OH)D
levels may vary by race/ethnicity, we determined the association be-
tween 25(OH)D level and rate of change in total hip BMD, limiting
our analysis to Caucasian men. To examine whether the use of phar-
macological agents affecting bone metabolism accounted for our re-
sults, we also performed analyses excluding men (n � 27) taking bone
active agents (androgens, testosterone, or pharmacological treat-
ments for osteoporosis). Finally, we examined the association between
25(OH)D3 level and rate of change in total hip BMD and evaluated
whether any association was dependent on whether 25(OH)D2 was de-
tectable or not.

Results

Study population
Of the 1606 men with measurement of 25(OH)D level at the

baseline exam, 1279 had baseline and follow-up measurements
of hip BMD. Compared with the 327 men missing follow-up hip
BMD measurements, the 1279 men in the analytical cohort
were younger (73.1 vs. 76.7 yr; P � 0.001) and had higher
mean values of total hip BMD (0.96 vs. 0.92 g/cm2; P � 0.001)
and 25(OH)D (25.6 vs. 23.2 ng/ml; P � 0.001). The most
common reason for missing the follow-up examination was
death (43%). The median (interquartile range) for 25(OH)D
was 25.4 (20.4 –30.1) ng/ml. Using categories based on vita-
min D status, 110 men (9%) had a 25(OH)D level below 15.0
ng/ml, 184 (14%) had a 25(OH)D level of 15.0 –19.9 ng/ml,

605 (47%) had a 25(OH)D level of 20.0 –29.9 ng/ml, and 376
(29%) had a 25(OH)D level of at least 30.0 ng/ml. Charac-
teristics of the 1279 participants by quintile of 25(OH)D level
are shown in Table 1.

25(OH)D level and rate of hip bone loss
After adjustment for age, race, site, season, BMI, and baseline

total hip BMD, lower 25(OH)D level was associated with higher
rates of bone loss at the total hip (P for trend � 0.01) (Fig. 1A).
The majority of effect was observed among men in the lowest
quintile (�19.1 ng/ml) who experienced a 1.5-fold higher rate of
hip bone loss (P � 0.003 for quintile 1 vs. quintiles 2–5); rates of
loss were similar among men in higher quintiles and not signif-
icantly different from each other (P � 0.11 for all comparisons).
A similar pattern was observed at the trochanter (P for trend �

0.05). The association was slightly attenuated in magnitude at
the femoral neck, and the test for linear trend did not reach
significance (P for trend � 0.10), although men in the lowest
quintile had a higher rate of loss compared with men in quintiles
2–5 (P � 0.05). Results were not substantially altered after fur-
ther adjustment for health status, smoking status, alcohol intake,
physical activity level, and lower extremity performance, but the
test for trend reached the level of significance only at the total hip
(P � 0.02 at total hip, 0.16 at femoral neck, and 0.11 at tro-
chanter) (Fig. 1B).

Findings were similar in analyses expressing 25-hydroxy lev-
els by category of vitamin D status (Table 2). For example, the
mean annualized rate of change in total hip BMD was
�0.59%/yr among men with a 25(OH)D below 15.0 ng/ml,
�0.54%/yr among men with a 25(OH)D level of 15.0–19.9
ng/ml, �0.35%/yr among men with a 25(OH)D level of 20.0–
29.9 ng/ml, and �0.37%/yr among men with a 25(OH)D level
of at least 30 ng/ml (P for trend�0.008 for multivariable model).
Results were consistent at hip subregions (P for trend multiva-
riable model 0.06 at femoral neck and 0.02 at trochanter).

TABLE 1. Baseline characteristics of 1279 participants by quintile of total 25(OH)D level

Variable

Quintile of 25(OH)D (ng/ml)a

Overall
(n � 1279)

Q1
(n � 257)

Q2
(n � 253)

Q3
(n � 258)

Q4
(n � 256)

Q5
(n � 255) P value

Age (yr) 73.1 (5.6) 73.8 (6.3) 73.0 (5.5) 73.1 (5.4) 73.2 (5.5) 72.1 (5.2) 0.01
Age group (%) 0.02

�75 yr 61 58 62 59 59 70
�75 yr 39 42 38 41 41 30

Caucasian race (%) 92 85 92 93 96 95 �0.001
Excellent or good health status (%) 88 84 87 88 88 91 0.18
PASE score 152 (69) 144 (74) 149 (69) 151 (61) 155 (66) 160 (70) 0.08
Current smoker (%) 3 5 4 3 2 3 0.35
Alcohol use (drinks/wk) 4.7 (7.4) 5.0 (7.9) 3.8 (6.0) 3.7 (5.4) 4.9 (8.4) 6.1 (8.7) �0.001
Total calcium intake (mg/d) 1146 (588) 950 (521) 1106 (594) 1186 (586) 1249 (600) 1241 (587) �0.001
Vitamin D intake (IU/d) 390 (250) 270 (224) 379 (246) 410 (252) 427 (248) 466 (234) �0.001
BMI (kg/m2) 27.4 (3.8) 28.4 (4.3) 27.9 (3.9) 27.3 (3.6) 27.0 (3.5) 26.7 (3.2) �0.001
Inability to rise from a chair (%) 0.8 1.6 1.2 0.4 0.4 0.4 0.12
Total hip BMD (g/cm2) 0.96 (0.14) 0.97 (0.15) 0.94 (0.13) 0.96 (0.13) 0.96 (0.13) 0.97 (0.14) 0.33

Data are expressed as mean (SD) unless otherwise described.
a Quintile cutpoints are 19.1, 23.7, 27.0, 31.4 ng/ml.
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Association between 25(OH)D level and rate of change
in hip BMD according to risk subgroup

There was no evidence that baseline total hip BMD or phys-
ical activity level modified the association between 25(OH)D
level and rate of change in hip BMD [P for tests of interaction
between 25(OH)D and BMD �0.10 and between 25(OH)D and
PASE score �0.96]. Among men with BMD above and below the
median value and among men with PASE score above and below
the median value, lower 25(OH)D levels were similarly associ-
ated with higher rates of bone loss (Table 3). However, there was
evidence to support an interaction between 25(OH)D level (ex-
pressed in quintiles) and age for the prediction of rate of change
in total hip BMD [P � 0.08 for interaction term with age ex-

pressed as a dichotomous variable (�75 yr
vs. �75 yr) and 0.07 with age expressed as a
continuous variable]. Among men at least 75
yr old, lower levels of 25(OH)D were asso-
ciated with higher rates of hip bone loss
(P for trend �0.001), whereas there was no
evidence of an association between
25(OH)D level and rate of hip bone loss
among men younger than 75 yr (P for
trend � 0.43). Results were similar when
25(OH)D was expressed as categories (P for
trend �0.001 among men �75 yr and 0.55
among men �75 yr). Further adjustment for
renal function (eGFR) did not alter the as-
sociation between 25(OH)D level and rate
of bone loss at the total hip (P for trend �

0.005), and there was no evidence of an in-
teraction between 25(OH)D levels and
eGFR (P for interaction terms �0.12). Fi-
nally, excluding the 102 nonwhite men or
excluding the 27 men taking bone-active
agents from the analysis did not alter find-
ings concerning the association between
25(OH)D levels and rate of change in hip
BMD (P for trend at the total hip � 0.003
and 0.01, respectively) (results not shown).

25(OH)D3 level and rate of hip bone
loss

Among the 1279 men in the analytical
cohort, the mean 25(OH)D3 level was 23.8
ng/ml. Only 343 men (27%) had detect-
able levels of 25(OH)D2, and the mean
25(OH)D2 level was 8.4 ng/ml in this group.
In the overall cohort, levels of 25(OH)D3

were not related to the rate of change in total
hip BMD (P for trend � 0.23) (results not
shown). However, there was some evidence
to suggest that this association depended on
whether 25(OH)D2 was detectable or not.
Among the 936 men without detectable
25(OH)D2, lower levels of 25(OH)D3 were
associated with higher rates of loss (P for
trend � 0.02), whereas there was no asso-

ciation between 25(OH)D3 level and rate of BMD change among
the 343 men with detectable 25(OH)D2 (P for trend � 0.59).
However, the test for an interaction between 25(OH)D3 and
25(OH)D2 (detectable or not) for the prediction of rate of change
in total hip BMD did not reach the level of significance (P for
interaction term � 0.15).

Discussion

In this prospective cohort study, we found that community-
dwelling older men with total 25(OH)D level below 20 ng/ml
experienced greater rates of hip bone loss, whereas rates of loss
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FIG. 1. Mean annualized rate of change in total hip BMD by quintile of total 25(OH)D level. Quintile
cutpoints: 19.1, 23.7, 27.0, and 31.4 ng/ml. A, Adjusted for age, race, site, season, BMI, and baseline total
hip BMD. B, Adjusted for age, race, site, season, BMI, baseline BMD, health status, smoking status, alcohol
intake, physical activity level, and inability to rise from a chair.
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were similar among men with higher levels. This association
was most apparent among men aged 75 yr and older. These
findings suggest that low 25(OH)D levels are detrimental to
BMD in older men.

Although several prior studies (16–22) have examined the
association between 25(OH)D level and BMD in older adults,
most were cross-sectional investigations or case-control studies
in select populations, and they excluded or did not describe the
association among men or inadequately controlled for con-
founders. A cross-sectional study of 881 men aged 19 to 85 yr
(23) that included 595 men aged 55 to 85 yr reported that
25(OH)D3 levels (measured by RIA) were weakly correlated
with BMD at the total hip (r � 0.12) and whole body (r � 0.11)
in older men after adjustment for age, body weight, and season.
The largest reported cross-sectional study was the third Na-
tional Health and Nutritional Examination Survey (NHANES
III) of a representative sample of U.S. adults, which included
13,432 participants. This study (24) reported that age group (25
to 49 yr vs. �50 yr) and race/ethnicity (Whites, Mexican-Amer-
icans, Blacks), but not sex, modified the association between
25(OH)D3 level (measured by RIA) and hip BMD. After adjust-
ment for multiple potential confounders, mean hip BMD was 2
to 5% higher among adults in the highest quintile compared with
those in the lowest quintile among younger and older whites,
younger and older Mexican-Americans, and older Blacks (24).
Race/ethnicity-specific quintile cutpoints in this study ranged
from 12.6 to 21.2 ng/ml for quintile 1 and from 25.9 to 39.3
ng/ml for quintile 5.

The few prospective studies limited to older adults have re-
ported conflicting results. One population-based study (6) of 316
Caucasian adults aged 60–75 yr (173 men and 143 women)
living in the community found no evidence of an association
between 25(OH)D level (measured with a competitive binding
protein assay) and subsequent rate of change in BMD at the hip
or spine. Another study of 669 Caucasian postmenopausal
women (mean age, 62 yr) in a population-based cohort (7) re-
ported no association between 25(OH)D level (measured with a
competitive binding protein assay) and subsequent rates of bone
loss at the radius. However, a third prospective study of approx-
imately 200 community-dwelling Caucasian women aged 65 yr

and older (10) found that lower 25(OH)D3 levels (measured by
RIA) were associated with higher rates of bone loss at the hip, but
not calcaneus.

Although low levels of 25(OH)D have been reported to be a
marker of conditions such as darker skin (1, 25) and greater
adiposity (6), we found that the effect of 25(OH)D level on rate
of change in hip BMD remained essentially unchanged despite
adjustment for several factors including age, race, site, season of
blood draw, BMI, baseline BMD, health status, physical activity
level, smoking status, alcohol intake, and lower extremity
strength. The association between low 25(OH)D level and higher
rates of hip bone loss was also consistent across risk subgroups
defined by bone density, physical activity level, and renal func-
tion in our cohort. However, our results suggest that the adverse
effect of low 25(OH)D levels on rates of hip bone loss varies
according to age; we found strong evidence to support an asso-
ciation among men aged 75 yr and older, but no evidence to
support an association among younger men.

Our finding of an association between low 25(OH)D level
and higher rates of hip bone loss in older men is supported by the
results of some (26–29), but not all (7, 30, 31) prospective studies
of 25(OH)D levels and risk of fracture. Of the four studies re-
porting an association, three investigations suggested a similar
optimal level of 25(OH)D as the one identified in our analysis (at
or above 20 ng/ml) for the prevention of hip fractures in post-
menopausal women (26) and non-Hispanic older white adults
(28), and for the prevention of clinical fractures in older women
(27). The fourth study (29) observed no evidence of an associ-
ation between lower 25(OH)D levels and an increased risk of
fracture among older people aged 65 yr and older, except among
those aged 65–75 yr with a level of 12 ng/ml or less. None of these
prospective studies reported that lower 25(OH)D levels were
associated in a graded manner with an increased risk of fracture.
Similarly, we found no evidence to suggest that 25(OH)D levels
between 20.0 and 29.9 ng/ml had adverse effects on the rate of
change in hip BMD.

Levels of 25(OH)D2 and 25(OH)D3 were individually quan-
tified in this study and summed for total 25(OH)D level. Only
27% of the men in this study had detectable levels of 25(OH)D2,
and the primary difference between men with and without de-

TABLE 2. Mean annualized rate of change in hip BMD by category of 25(OH)D level

Hip subregion

Mean annualized % change in BMD (95% CI)

<15.0 ng/ml
(n � 110)

15.0–19.9 ng/ml
(n � 184)

20.0–29.9 ng/ml
(n � 655)

>30.0 ng/ml
(n � 330) P trend

Total hip
Base modela �0.61 (�0.78, �0.43) �0.56 (�0.70, �0.43) �0.35 (�0.42, �0.28) �0.36 (�0.46, �0.26) 0.002
Multivariable modelb �0.59 (�0.76, �0.42) �0.54 (�0.67, �0.41) �0.35 (�0.42, �0.28) �0.37 (�0.47, �0.27) 0.008

Femoral neck
Base modela �0.56 (�0.79, �0.33) �0.48 (�0.66, �0.31) �0.36 (�0.45, �0.26) �0.30 (�0.44, �0.17) 0.04
Multivariable modelb �0.54 (�0.78, �0.31) �0.48 (�0.65, �0.30) �0.36 (�0.45, �0.26) �0.32 (�0.45, �0.18) 0.06

Trochanter
Base modela �0.63 (�0.84, �0.43) �0.52 (�0.68, �0.37) �0.30 (�0.38, �0.21) �0.35 (�0.47, �0.23) 0.01
Multivariable modelb �0.62 (�0.82, �0.41) �0.50 (�0.65, �0.34) �0.29 (�0.37, �0.21) �0.36 (�0.48, �0.25) 0.02

CI, Confidence interval.
a Adjusted for age, race, site, season, BMI, and baseline BMD.
b Adjusted for age, race, site, season, BMI, baseline BMD, health status, smoking status, alcohol intake, physical activity level, and inability to rise from a chair.
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tectable 25(OH)D2 levels was a much greater prevalence of vi-
tamin D supplementation use among the former group (32). Al-
though lower total 25(OH)D levels were associated with higher
rates of hip bone loss in the overall cohort, analyses examining
the effect of 25(OH)D3 levels on rate of change in BMD found
no evidence that men with lower 25(OH)D3 levels had higher
rates of hip bone loss, with the exception of a possible association
among the subgroup of men without detectable 25(OH)D2 levels.
These results provide some evidence that low 25(OH)D3 levels do
not have adverse effects on hip bone loss as long as 25(OH)D2 is
available. However, the effect of vitamin D supplementation (D2 or
D3) on rates of bone loss in older people, including among a target
population defined by 25(OH)D status, can only be definitively
addressed in a study using a randomized trial design.

Strengths of our study include its prospective design; study
population comprised of a large cohort of older men not selected
on the basis of BMD status; measurement of total 25(OH) vita-
min D, D2, and D3; and adjustment for several potential con-
founders. However, our study had several limitations. Partici-
pants were older community-dwelling men, and our results may
not apply to other populations. Other than Caucasian men, we
had insufficient power to examine the association between
25(OH)D level and rate of bone loss within specific race/ethnic
groups. In addition, our power was inadequate to examine the
association between severe vitamin D deficiency (e.g. 25(OH)D
level �10 ng/ml) and rates of hip bone loss. Our analyses were
adjusted for several factors, but given the observational design of
this study, the possibility of confounding cannot be eliminated.
Other than renal function, we did not evaluate potential biolog-
ical mechanisms underlying the association; future studies
should examine whether other pathways (such as PTH, sex ste-
roid hormones, and bone turnover markers) mediate the rela-
tionship. Of the 1606 men with baseline 25(OH)D measure-
ments, 327 men were excluded from the analytical cohort
because they did not return for a repeat BMD measurement.
Because these men had lower 25(OH)D level and lower hip BMD
at baseline, our findings may underestimate the magnitude of the
true association between 25(OH)D level and rates of bone loss.
Finally, comparison of the findings of this study with those of
prior investigations are limited in part due to differences in
25(OH)D assay methods between studies.

We conclude that community-dwelling older men with
25(OH)D levels below 20 ng/ml (including men with levels �15.0
ng/ml and those with levels 15.0–19.9 ng/ml) had higher subse-
quent rates of hip bone loss, whereas rates of loss were similar
amongmenwith levelsbetween20.0and29.9ng/mlandthosewith
levelsof at least30ng/ml.Theassociationbetween lower25(OH)D
levelsandhigherratesofhipbone losswasmostevidentamongmen
aged 75 yr and older. These findings provide support to the view
that low 25(OH)D levels are detrimental to BMD in older men.
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