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Association of 25-Hydroxyvitamin D With
Prevalent Osteoarthritis of the Hip in Elderly Men

The Osteoporotic Fractures in Men Study
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Objective. To examine the cross-sectional associ-
ation of serum levels of 25-hydroxyvitamin D, or
25(OH)D, with prevalent radiographic hip osteoarthri-
tis (OA) in elderly men.

Methods. In a cohort of 1,104 elderly men from
the Osteoporotic Fractures in Men Study, 25(OH)D
serum levels were determined by mass spectrometry,
followed by pelvic radiographs �4.6 years later. Cate-
gories of vitamin D levels were defined as follows:
deficiency as <15 ng/ml, insufficiency as 15.1–30 ng/ml,
and sufficiency as >30 ng/ml. Radiographs were as-
sessed for severity of hip OA using a summary grade of
0–4 for individual features of hip OA. Logistic regres-
sion was used to assess associations of serum 25(OH)D
levels with prevalent radiographic hip OA; covariates
included age, clinic site, season at the time of blood
withdrawal, self-reported hip pain for >30 days, timed
6-meter walk, presence of at least 1 coexisting condition,
and self-rated health status.

Results. Men with radiographic hip OA had a
slower 6-meter walking time (P < 0.0001), reported

more hip pain (P � 0.0001), had a lower vitamin D level
(P � 0.0002), and had a higher prevalence of vitamin D
insufficiency (P � 0.002) and vitamin D deficiency (P �
0.012) compared with controls. Higher 25(OH)D levels
were associated with a lower prevalence of radiographic
hip OA (odds ratio [OR] 1.39 per 1 SD decrease in
25[OH]D, 95% confidence interval [95% CI] 1.11–1.74)
after adjusting for age, season, and clinic site. Men with
vitamin D insufficiency had an increased likelihood of
prevalent radiographic hip OA (OR 2.19, 95% CI 1.21–
3.97) compared with men with sufficient levels of
25(OH)D, and in men with vitamin D deficiency, there
was a tendency toward an increased likelihood of radio-
graphic hip OA (OR 1.99, 95% CI 0.83–4.74).

Conclusion. Men with vitamin D deficiencies are
twice as likely to have prevalent radiographic hip OA,
and therefore vitamin D therapy to augment skeletal
health in the elderly is warranted.

Low levels of vitamin D in the serum have been
associated with worsening radiographic hip and knee
osteoarthritis (OA) in some studies (1–3), but not in
others (4). The purpose of the present study was to
examine the cross-sectional association of serum levels
of vitamin D, or 25-hydroxyvitamin D (25[OH]D), with
the prevalence of radiographic hip OA in elderly men.

PATIENTS AND METHODS

Study design. The Osteoporotic Fractures in Men
Study (MrOS) is a prospective cohort study of 5,995 men in the
US who were recruited from 2000 to 2002 at 6 clinical center
sites that are geographically dispersed across the US (Birming-
ham, Minneapolis, Palo Alto, Pittsburgh, Portland, and San
Diego) (5). To be eligible for the MrOS, men had to be age
�65 years, ambulatory, and without bilateral hip replacements.
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At the baseline visit, 1,608 men were selected at random to
undergo serum measurements of 25(OH)D. Of the partici-
pants who had a recorded baseline serum level of 25(OH)D,
1,104 returned for a second clinic visit between 2004 and 2006
(designated visit 2) and underwent a pelvic radiographic
examination at that time (6); among these subjects, the second
visit occurred an average of 4.6 years after baseline. For this
study, the participants’ characteristics and other covariates that
were recorded at visit 2 were used.

Radiographic analysis. Pelvic radiographs were ob-
tained with the subject placed in a standing position on a
standardized foot mat, with the toes internally rotated 15
degrees and the x-ray beam positioned 2 inches above the
pubis symphysis. Hip radiographs were assessed for 5 individ-
ual radiographic features of OA: 1) joint space narrowing
(JSN) laterally and medially (scale 0–4), 2) osteophyte forma-
tion (femoral or acetabular) either inferiorly or superiorly in
each location (scale 0–3), 3) cysts (scale 0–3), 4) subchondral
sclerosis (scale 0–3), and 5) femoral head deformity (scale 0–3)
(3,4). Atlas figures (7) were consulted during the readings to
improve reliability.

A summary grade of 0–4 for the severity of radio-
graphic hip OA, modified from the Croft scoring system
(3,4,8), was assigned to each hip based on individual radio-
graphic features. Participants with a summary grade of �2
were considered to have radiographic hip OA. Grade 2 radio-
graphic hip OA required the presence of definite JSN or
osteophytes (severity grade �2), while severity grades 3 and 4
required other features (cysts or subchondral sclerosis, as well
as deformity) in addition to definite JSN or osteophytes.

The radiographs were centrally assessed by a primary
reader who was blinded to the participants’ clinical character-
istics. The primary reader’s intrarater reliability (kappa statis-
tic) for the radiographic readings was evaluated from a random
sample of 472 films. The intrarater reliabilities for assigning
each maximum score were as follows: for definite JSN and
definite osteophytes, � � 0.81, for femoral osteophytes, � �
0.71, and for lateral or medial JSN and osteophytes, � � 0.81.
All of the radiographs with either definite osteophytes or
definite JSN (radiographic severity score �2) in any location
on the initial reading were jointly evaluated by 2 readers to
reach consensus on the radiographic score.

Vitamin D measurement. Morning blood samples in a
fasting state were collected from all participants, and the sera
were protected from sunlight and stored at �70°C until thawed
for the vitamin D assays. Measurements of 25-hydroxyvitamin
D2 (derived from ergocalciferol) and 25-hydroxyvitamin D3
(derived from cholecalciferol) were determined in the serum
to assess the level of total 25(OH)D. The serum measurements
were performed at the Mayo Clinic using mass spectrometry,
as previously described (9). The interassay coefficient of
variation (CV) was 4.4% and intraassay CV was 4.9%. Vitamin
D deficiency was defined as a total 25(OH)D level of �15
ng/ml, while vitamin D insufficiency was defined as a total
25(OH)D level of 15.1–30 ng/ml and vitamin D sufficiency was
a level �30 ng/ml (6).

Covariates. Covariates assessed in each participant
were determined with validated questionnaires and objective
measurements during visit 2 (6,7). These included age, height
(measured with a Harpenden stadiometer [Harpenden, Dyfed,
UK]), weight (measured with a calibrated balance beam or

electronic scale), season at the time of blood withdrawal,
self-reported hip pain for more than 30 days in either hip, and
self-rated health status. In addition, body mass index (BMI)
was calculated (in kg/m2). Participants were also queried about
the presence of coexisting morbidities, including stroke, myo-
cardial infarction, cancer, chronic obstructive pulmonary dis-
ease, hypertension, congestive heart failure, diabetes, and
Parkinson’s disease. Vitamin D intake from the diet and
supplements over the past year was determined using a mod-
ified Block Food Frequency questionnaire (Block Dietary
Data Services, Berkeley, CA) obtained at baseline. A timed
6-meter paced walk was assessed by asking men to walk at a
comfortable pace over a path of 6 meters, and the time to
completion was recorded.

Statistical analysis. Baseline characteristics were as-
sessed using the chi-square test or t-test, and nonparametric
Wilcoxon’s tests were used for analysis of skewed covariate
data. The association of serum 25(OH)D levels with prevalent
radiographic hip OA was assessed using logistic regression.
The covariates included in the multivariate model were age,
clinic site, season at the time of blood withdrawal, self-reported
hip pain for more than 30 days, timed 6-meter walk, presence
of at least 1 coexisting condition, and self-rated health status.

To assess for nonlinear trends, restricted cubic spline
logistic regression models were used to examine the relation-
ship between 25(OH)D levels and radiographic hip OA over
the full range of 25(OH)D levels (10). Thresholds were chosen
at 15 ng/ml and 30 ng/ml of 25(OH)D.

RESULTS

Baseline characteristics. The mean � SD age of
the study subjects at baseline was 77.2 � 5.3 years. There
were no significant differences in age, BMI, health
status, or dietary or supplement intake of vitamin D
between men with radiographic hip OA and those
without radiographic hip OA (control subjects). How-
ever, men with radiographic hip OA had a slower
6-meter walking speed (P � 0.0001) and reported more
hip pain (P � 0.0001) compared with controls. The
mean � SD vitamin D level was 23.38 � 6.67 ng/ml in
men with radiographic hip OA compared with 26.04 �
7.77 ng/ml in men without radiographic hip OA (P �
0.0002). Men with radiographic hip OA had a higher
prevalence of vitamin D insufficiency (77% versus 65%;
P � 0.002) and vitamin D deficiency (10.2% versus
7.5%; P � 0.012) compared with men without radio-
graphic hip OA.

Serum vitamin D levels. Evaluation of the asso-
ciation of serum vitamin D levels with radiographic hip
OA showed that higher 25(OH)D levels were associated
with a lower prevalence of radiographic hip OA (odds
ratio [OR] 1.39 per 1 SD decrease in 25(OH)D level,
95% confidence interval [95% CI] 1.11–1.74) after ad-
justing for age, season at blood withdrawal, and clinic
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site (Table 1). Men who were vitamin D insufficient
(levels of 25[OH]D 15.1–30 ng/ml) had a 2-fold in-
creased likelihood of prevalent radiographic hip OA
(OR 2.19, 95% CI 1.21–3.97) compared with vitamin
D–sufficient men. In addition, men who were 25(OH)D
deficient tended to have an increased likelihood of
radiographic hip OA (OR 1.99, 95% CI 0.83–4.74);
however, this did not meet the level of statistical signif-
icance in the multivariate models adjusted for age, clinic,
season at blood withdrawal, hip pain, timed 6-meter
walk, �1 coexisting medical condition, and self-rated
health. Furthermore, after plotting the data in regres-
sion models using restricted cubic spline plots, we did
not detect any threshold effects with regard to the
specific level of 25(OH)D in relation to prevalence of
radiographic hip OA.

DISCUSSION

A large proportion of these community-dwelling
ambulatory elderly men had 25(OH)D insufficiency or
deficiency. These men with insufficient serum 25(OH)D
levels were twice as likely to have prevalent radiographic
hip OA as were men with normal 25(OH)D levels.

The association of low 25(OH)D levels with
prevalent radiographic hip OA has been reported pre-
viously (2). Low serum 25(OH)D levels and reduced sun
exposure were both associated with articular cartilage
loss as assessed by magnetic resonance imaging (MRI)
in older adults in Tasmania (2). In addition, low serum
vitamin D levels were associated with the development
of radiographic knee OA, especially in subjects with low

lumbar spine bone mineral density (3). However, Felson
et al reported that low serum levels of vitamin D were
not associated with radiographic progression of OA as
assessed after a mean interval of 9 years and also not
associated with worsening of knee OA as characterized
by loss of articular cartilage by MRI after a mean
interval of 30 months (4). The differences in study
results may be related to differing effects of serum
vitamin D in bone and cartilage metabolism. Vitamin D
influences the mineralization of bone matrix, and low
serum levels of vitamin D may result in poorly mineral-
ized bone that might alter forces across the joint and
reduce joint deterioration (1). However, low levels of
vitamin D may also alter chondrocyte metabolism and
augment degeneration (2). Additional studies are war-
ranted to determine what role vitamin D might have in
the development and progression of OA.

The association of low 25(OH)D levels with
prevalent radiographic hip OA underscores the poten-
tially important role of vitamin D in the pathogenesis of
OA. Vitamin D metabolites have been found to be
associated with the regulation of the Wnt pathway (11),
products of which play important roles in the develop-
ment and maintenance of bone and cartilage. Serum
levels of 25-hydroxyvitamin D3 have also been shown to
affect bone breakdown and repair via an influence on
the ratio of RANKL to osteoprotegerin in osteoblasts in
vitro (12).

This study has a number of strengths, including a
large, well-characterized cohort of elderly men and
excellent classification of radiographic hip OA, as well as

Table 1. Association of vitamin D levels at baseline with prevalence of radiographic hip osteoarthritis
(OA)*

Baseline vitamin D

Prevalent radiographic hip OA

Base model† Multivariate model‡

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

Total 25(OH)D level per 1 SD
decrease in level

1.39 (1.11–1.74) 0.004 1.32 (1.05–1.67) 0.01

Total 25(OH)D by category
Vitamin D sufficient 1.0 (referent) 1.0 (referent)
Vitamin D insufficient 2.19 (1.21–3.97) 0.01 2.01 (1.10–3.67) 0.02
Vitamin D deficient 2.43 (1.03–5.74) 0.04 1.99 (0.83–4.74) 0.12

0.01§ 0.05§

* Categories of total 25-hydroxyvitamin D, or 25(OH)D, were as follows: sufficient � �30 ng/ml,
insufficient � 15.1–30 ng/ml, deficient � �15 ng/ml. OR � odds ratio; 95% CI � 95% confidence interval.
† Adjusted for age, clinic, and season at the time of blood withdrawal.
‡ Adjusted for age, clinic, season at the time of blood withdrawal, self-reported hip pain, timed 6-meter
walk, presence of �1 coexisting medical condition, and self-rated health.
§ P for trend.
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use of the gold standard, measurement of the serum
25(OH)D level. However, there are also limitations,
including the fact that this was a cross-sectional study
and causality cannot be inferred. Moreover, the
25(OH)D levels were measured an average of 4.6 years
prior to obtaining the hip radiographs. Other investiga-
tors reported that 25(OH)D levels did not change over
time in the placebo group of a 3-year randomized
controlled trial of calcium and vitamin D supplements in
elderly men and women with a mean age of 71 years.
Therefore, if the levels of vitamin D remained the same
or were lower after 4.6 years in our cohort of elderly
men, this could actually strengthen our result (13).

In summary, elderly men with radiographic hip
OA have a high prevalence of 25(OH)D deficiency.
Since 25(OH)D has a significant role in the maintenance
of bone and cartilage, therapeutic interventions with
vitamin D to augment skeletal health in the elderly are
warranted.
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