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a b s t r a c t

Introduction: Low 25-hydroxyvitamin D (25(OH) D) concentrations have been associated with radiologic
worsening of osteoarthritis in some reports. However, the results are mixed and few studies have eval-
uated associations between 25(OH) D concentrations and both total vitamin D intake and clinical joint
symptoms.
Study design: Cross-sectional analyses of information from a subset of 1993 postmenopausal women
obtained at baseline entry in the Women’s Health Initiative Calcium plus Vitamin D clinical trial.
Main Outcome Measures: 25(OH) D concentration, total vitamin D intake (diet plus supplements), presence
and severity of joint pain and joint swelling.
Results: The 25(OH) D levels were commonly low with 53% having deficient (<50 nmol/L) and only 17%
having sufficient (>72 nmol/L) levels. Joint pain (reported by 74%) and joint swelling (reported by 34%)
were also commonly reported. 25(OH) D concentrations were modestly correlated with total vitamin
D intake (R = 0.29, p < 0.0001); however, considerable variability in 25(OH) D concentrations for a given
vitamin D intake was seen. In adjusted linear regression models, lower serum 25(OH) D concentrations

were associated with higher average joint pain score (P = 0.01 for trend) with differences most apparent
in the lowest 25(OH) D levels sextile.
Conclusions: Relatively low 25(OH) D levels and a high frequency of joint symptoms were common in this
population of postmenopausal women. Total vitamin D intake was only modestly associated with 25(OH)
D. Low serum 25(OH) D concentrations were associated with higher joint pain scores. These findings can

re int
inform the design of futu
Vitamin D has a well recognized association with bone health
nd 25-hydroxyvitamin D (25(OH) D) concentration is an accepted
arker for vitamin D status in humans [1], However, the associ-
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ation between total vitamin D intake (diet and supplements) and
25(OH) D concentrations has been somewhat inconsistent [2,3].
Low 25(OH) D levels are associated with musculoskeletal disor-
ders, with severe deficiency resulting in the clinical syndrome of

osteomalacia [4–6]. Some [7–9] but not all [10], cohort studies have
associated low 25(OH) D levels with increased risk of radiographic
worsening of osteoarthritis. However, relatively few studies have
evaluated associations between 25(OH) D levels with clinical joint
symptoms. Therefore we proposed the hypothesis that low 25(OH)

dx.doi.org/10.1016/j.maturitas.2010.10.006
http://www.sciencedirect.com/science/journal/03785122
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levels would be associated with a higher frequency of joint pain
nd swelling.

Using data from a subset of women participating in the Women’s
ealth Initiative (WHI) Calcium plus Vitamin D (CaD) clinical trial,

n post hoc analyses we compared (1) serum 25(OH) D concen-
rations with total vitamin D intake (diet and supplement) and
2) serum 25(OH) D concentrations with joint symptoms including
oint pain and joint swelling.

. Methods

.1. WHI calcium plus vitamin D trial

Women participating in the Women’s Health Initiative hor-
one trials (HT) [11,12] or the dietary modification (DM) [13] trial

N = 68,132) were invited to enroll in an additional randomized,
lacebo-controlled trial evaluating calcium plus vitamin D supple-
entation (CaD) at their first or second annual follow-up clinic visit

or the main trials [14]. Details of the eligibility and conduct of the
T and DM trials, conducted at 40 clinical centers across the United
tates, have been reported [11–13] as have the influence of the
nterventions on major study outcomes [15–17]. A total of 36,282

omen were eligible for and agreed to participate in the CaD trial.

.2. Identification of current study participants

Three nested case-control studies were conducted within the
aD clinical trial to examine associations between baseline 25(OH)
concentrations and colorectal cancer, breast cancer and fracture

ncidence, respectively [15–17]. These included 2792 case patients
ith colorectal, breast cancer or hip fracture and 1993 matched

ontrol subjects. The control subjects were matched to the cancer
nd fracture patient cases on age, ethnicity/race, sample collection
ate and clinic center. The 1993 control participants with 25(OH) D

evels were used as a convenience sample to address current study
uestions. The associations between 25(OH) D concentrations and
otal vitamin D intake include these 1993 subjects while associa-
ions between 25(OH) D concentration and joint symptoms include
931 of these subjects with both determinants.

.3. Data collection

At entry in the HT or DM trial, information on demographics,
isease risk factors, family and medical history and lifestyle fac-
ors (including physical activity) were obtained by questionnaire.

edication use was assessed by interview-administered question-
aire. Physical measurements (height, weight) were made at the
aseline clinical trial clinic visit to permit calculation of body mass

ndex (BMI).
Joint pain and swelling was assessed by questionnaire at

ntry into the CaD trial. Joint pain was assessed as; (yes/no), if
es (mild/moderate/severe) and joint swelling (as yes/no), if yes
mild/moderate/severe). The joint pain and swelling severity scores
ere calculated as an average of range from 0 (none) to 3 (severe).

.4. Dietary and supplement data

At entry into the WHI HT or DM trials, a self-administered
ood-frequency questionnaire (FFQ) specifically designed for WHI
18] was used to access usual dietary intake over the previously 3

onths including vitamin D intake from foods. Participants in the

M trial also had the FFQ administered at year 1, coinciding with

ample collection for 25(OH) D concentrations. For nonDM partici-
ants, the baseline dietary vitamin D intake at entry into the HT trial
hich was one year before sample collection for 25(OH) D was used

or association analyses. For DM trial participants, dietary vitamin
itas 68 (2011) 73–78

D intake reported at baseline closely comparable to that reported at
year 1 (0.59, Pearson correlation coefficient, p < 0.0001) [15]. Infor-
mation on current supplement use including dose and duration was
collected by interviewer-administered questionnaire at entry into
the CaD trial. Total vitamin D intake included both daily dietary
intake (largely from dairy products and fatty fish) and the average
daily intake of vitamin D supplements.

1.5. Serum 25(OH) D assay

The 25(OH) D assays were conducted on frozen samples stored
at −80 ◦C as previously described [16]. Samples were collected at
the time of CaD trial randomization after a 12 h overnight fast.
The DiaSorin Liason chemoluminescent immunoassay (DiaSorin
Laboratories, Stillwater, MN) was used to determine 25(OH) D con-
centrations. Samples were run in batches that included blinded
quality control samples with a coefficient of variation of 11.8% [16].
While there is no consensus on optimal 25(OH) D concentrations,
levels <50 nmol/L, 50–72 nmol/L, and >72 nmol/L were considered
deficient, insufficient and sufficient, respectively, based on physio-
logical evidence in a recent review [1].

All clinical trials had institutional review board approval and
written informed consent was obtained from all participants. Sta-
tistical analyses and data management were conducted at the WHI
Clinical Coordinating Center.

1.6. Statistical analyses

Analyses examining cross-sectional relationships between
25(OH) D concentration and total vitamin D intake (diet plus sup-
plement) and joint symptoms involved linear regression models.
The analysis for association with total vitamin D intake included all
1931 women having both 25(OH) D concentration and dietary and
supplement intake information available. Average joint symptom
scores were also compared by baseline 25(OH) D concentra-
tions using unadjusted and adjusted linear regression models
incorporating age, race/ethnicity, BMI and physical activity. In addi-
tion, effect modification by BMI, physical activity, and current
menopausal hormone therapy use (based on hormone therapy trial
randomization group or personal hormone use) on the association
between joint symptoms and 25(OH) D levels was examined by
including interaction terms in adjusted linear regression models.
In these models, the level of 25(OH) D was treated as both lin-
ear and categorical terms (<28.9 nmol/L, the cut off for the lowest
of six equal groups, vs. ≥28.9 nmol/L). All reported P-values are
two-sided.

2. Results

The baseline characteristics of the study sample with available
25(OH) D concentrations are outlined in Table 1 and generally
reflect the characteristics of the overall WHI CaD trial popula-
tion [17]. Overall, the 25(OH) D levels were commonly low, with
53% having deficient (<50 nmol/L) and only 17% having sufficient
(>72 nmol/L) levels.

Individual values for total vitamin D intake from both food
and supplements are shown in relation to 25(OH) D concentra-
tion in Fig. 1. Total vitamin D intake was significantly but modestly
associated with 25(OH) D concentrations (R = 0.29, p < 0.0001). Con-
siderable variability in 25(OH) D concentrations for a given total
vitamin D intake is seen.
Joint symptoms (any and mean) are shown by serum 25(OH) D
sextiles in Table 2. Linear regression models were performed both
unadjusted and adjusted for age, race/ethnicity, BMI and physical
activity. The linear trend in the joint swelling score was statisti-
cally significant in the unadjusted model but not after adjustment
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Table 1
Baseline characteristics of study subjectsa with 25-hydroxyvitamin D determination
(n = 1993).

Characteristicsb N (%)

Age at screening (years)c

50–59 521 (26.4)
60–69 872 (43.8)
70–79 600 (30.1)

Race/ethnicity
White 1754 (88.0)
Black 114 (5.7)
Hispanic 57 (2.9)
American Indian 7 (0.4)
Asian/Pacific Islander 38 (1.9)
Unknown 23 (1.2)

Education
None – some high school 117 (5.9)
High school diploma/GED 398 (20.1)
School after high school 747 (37.8)
College degree or higher 717 (36.2)

Body mass index (BMI%) (kg/m2)
<25 562 (28.3)
25 to <30 696 (35.0)
≥30 730 (36.7)

Physical activity (METs/week)
None 315 (17.7)
>0–3.5 286 (16.1)
>3.5–8.0 372 (20.9)
>8.0–16.5 384 (21.6)
>16.5 422 (23.7)

Alcohol use
Non drinker 223 (11.3)
Past drinker 353 (17.8)
Current drinker 1405 (70.9)

Smoking
Never smoked 1081 (54.7)
Past smoker 752 (38.1)
Current smoker 143 (7.2)

NSAID medication use
No 1677 (84.1)
Yes 316 (15.9)

Total vitamin D (supplements + diet) (IU)
Mean 369.5
<200 732 (37.4)
200 to <400 387 (19.8)
400 to <600 456 (23.3)
≥600 382 (19.5)

Multivitamin use (w/or w/o minerals)
No 1304 (65.4)
Yes 689 (34.6)

Total calcium (supplements + diet) (mg)
Mean 1165.0

<800 641 (32.8)
800 to <1200 533 (27.2)
≥1200 783 (40.0)

Joint pain
None 507 (26.3)
Any 1424 (73.7)

Severity
Mild 934 (65.6)
Moderate 393 (27.6)
Severe 97 (6.8)
Severity score (mean ± SD) 1.04 ±0.82

Joint swelling
None 1279 (66.4)
Any 646 (33.6)

Severity
Mild 513 (79.4)
Moderate 115 (17.8)
Severe 18 (2.8)
Severity score (mean ± SD) 0.41 ±0.65

25-Hydroxyvitamin D (25(OH) D)
Mean ± SD (nmol/L) 51.0 ±22.8
Deficient (<50 nmol/L) 1054 (52.9)
Insufficient (50 to 72 nmol/L) 597 (30.0)
Sufficient (>72 nmol/L) 342 (17.2)

a Subjects identified as control subjects to patient cases with either breast cancer, col-
orectal cancer or hip fracture in three nested case-control studies conducted within the
WHI clinical trial evaluating calcium and vitamin D (CaD).

b Characteristics collected at entry in the WHI hormone therapy or CaD trial, one or two
years prior to 25-hydroxyvitamin D determinations. Joint symptom information collected
concurrently with 25(OH) D determination.

c Sums of each characteristics not equal to 1993 reflect missing data.

Fig. 1. Individual vitamin D intake (diet plus supplementation) and serum 25-
hydroxyvitamin D concentration at baseline. Serum 25-hydroxyvitamin D levels
were obtained at baseline entry into the calcium plus vitamin D clinical trial. Results
from the 1993 women identified as control subjects from the nested case control
study are shown. Daily intakes of dietary and supplemental vitamin D were deter-
mined from a food frequency questionnaire (for diet) and a total vitamin D intake

was associated with 25-hydroxyvitamin D levels (n = 0.29, p < 0.001); however, con-
siderable variability in 25-hydroxyvitamin D levels for a given vitamin D intake is
seen.

(p = 0.42). In contrast, joint pain score was significantly related to
25(OH) D concentrations in both unadjusted and adjusted mod-
els with lower 25(OH) D levels associated with higher pain score
(linear trend after adjustment, p = 0.01).

Higher mean joint pain scores are apparent mainly in the low-
est 25(OH) D concentration sextile with 25(OH) D concentration
<28.9 nmol/L equivalent to <11.6 ng/ml). When potential interac-
tion with BMI, physical activity and menopausal hormone therapy
on the association between joint symptoms and 25(OH) D con-
centrations was examined, a significant interaction with physical
activity was seen. Women with low physical activity and low
25(OH) D (<28.9 nmol/L) concentrations had higher joint pain
scores compared to women with higher levels of physical activity
(p = 0.01). A similar relationship was not seen with joint swelling.

3. Discussion

In a large population of postmenopausal women, low 25(OH) D
levels and relatively high frequency of joint symptoms were com-
monly seen. There was only a modest association between total
vitamin D intake, including both diet and supplement use, with
considerable overlap in 25(OH) D concentrations for a given vita-
min D intake. The frequency and severity of joint pain was related
to 25(OH) D concentration with symptoms more commonly seen
in women with the lowest 25(OH) D concentrations.

By one standard [1], these postmenopausal women had rel-
atively low 25(OH) D levels with only 17% considered to have
sufficient levels. Currently, there is no consensus regarding opti-
mal 25(OH) D levels. Even for fracture risk, recent evidence-based

reviews suggest that it is difficult to define an optimal 25(OH) D
level for bone health [2,19]. Nonetheless, there is increasing agree-
ment that levels <50 nmol/L (<20 ng/ml) can be considered deficient
[1,2,20].
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Table 2
Joint symptoms by levels of serum 25-hydroxyvitamin D.a

25(OH) D3 nmol/L Joint pain score Joint swelling score

Mean ± SD None (n = 507)
% (N)

Any (n = 1424)
% (N)

Average mean (SD)
(unadjusted)

None (n = 1279)
% (N)

Any (n = 646) %
(N)

Average mean (SD)
(unadjusted)

Group 1: ≥72.6 88.9 ± 13.5 27.4 (90) 72.6 (238) 1.03 (0.83) 71.2 (232) 28.8 (94) 0.34 (0.59)
Group 2: 58.9–<72.6 64.9 ± 4.0 30.2 (97) 69.8 (224) 0.98 (0.82) 70.3 (225) 29.7 (95) 0.34 (0.58)
Group 3: 47.9–<58.9 53.1 ± 3.0 24.0 (77) 76.0 (244) 1.04 (0.78) 67.6 (217) 32.4 (104) 0.40 (0.65)
Group 4: 38.7–<47.9 43.0 ± 2.6 26.3 (87) 73.7 (244) 1.05 (0.81) 65.8 (217) 34.2 (113) 0.42 (0.65)
Group 5: 28.9–<38.7 33.9 ± 2.8 27.1 (85) 72.9 (229) 1.01 (0.82) 64.7 (203) 35.4 (111) 0.46 (0.70)
Group 6: <28.9 21.2 ± 5.3 22.5 (71) 77.5 (245) 1.13 (0.83) 58.9 (185) 41.1 (129) 0.52 (0.70)
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tatistical tests comparing the average symptom score by 25-hydroxyvitamin D
ace/ethnicity, BMI and physical activity. There was a statistically significant line
inear trend in the joint swelling score was statistically significant in the unadjuste

a Joint symptoms reported at, and serum 25-hydroxyvitamin D measured at, CaD

While there was a statistically significant trend in linear regres-
ion model analyses associating lower 25(OH) D concentrations
ith higher pain scores, an apparent difference was seen mainly

n women in the lowest sextile for 25(OH) D concentrations
<28.9 nmol/L). These findings on joint symptoms are non-specific
ince details of the nature of the joint symptoms including loca-
ion and impact on daily function were not collected. Nonetheless,
steoarthritis is a likely contributor since it is the most com-
on cause of joint pain in postmenopausal women and several

eports have associated low 25(OH) D concentrations with higher
requency of radiographic hip osteoarthritis [21,22] and the devel-
pment of radiographic knee osteoarthritis [7–9]. However, Felson
nd colleagues [10] reported no association between 25(OH) D con-
entrations and radiographic progression of osteoarthritis after 9
ears follow-up. Any role for vitamin D in osteoarthritis devel-
pment or progression may be mediated through its effect on
upporting cartilage [23,24] as loss of cartilage volume is a com-
onent of osteoarthritis progression [25].

Our finding of only a modest association between total vitamin
intake and 25(OH) D levels is in agreement with other reports.

nconsistent associations between vitamin D dose and subsequent
5(OH) D concentrations have been described in a review summa-
izing numerous randomized trials [2]. In this regard, an attempt
o develop a model to account for individual differences in 25(OH)

concentrations found that nearly 80% of the difference in lev-
ls between individuals was not explained by sunlight exposure
nd/or total vitamin D intake [3]. The prerequisite to any definitive
linical trial evaluating the potential role of vitamin D supplemen-
ation in joint symptom management would be a demonstration
hat a vitamin D dose and schedule could increase 25(OH) D levels
bove the threshold associated with higher symptom risk. While a
00 IU D3 daily dosage has only modest influence on 25(OH) D lev-
ls [26], two phase II studies adding 16,000 IU D3 orally every two
eeks in a 12 week regimen [27] and 50,000 IU D3 iv weekly for 12
eeks [28], respectively, were able to increase 25(OH) D levels to
substantial degree and into the sufficient range.

To our review only two randomized trials have reported on vita-
in D influence on joint symptoms in adults. Warner and Arnspiger

29] randomized 50 patients with diffuse musculoskeletal pain
ho had 25(OH) D concentrations ≤20 ng/ml (about 50 nmol/L)

o receive placebo or vitamin D2 (ergocalciferol) 50,000 IU once
eekly for three months. Vitamin D supplementation at this high

evel had no effect on musculoskeletal pain. In a post hoc analy-
es in the WHI calcium and vitamin D trial which entered 36,282
ostmenopausal women, those assigned to 1000 mg of elemental

alcium with 400 IU of vitamin D3 daily had no change in joint
ymptoms compared to placebo after seven years with findings
ased on a randomly identified 6% sample (N = 1911) of par-
icipants who had serial assessment of symptoms [30]. Future
tudies could benefit from more precise determination of the
in linear regression models were performed unadjusted, and adjusted for age,
nd in the average joint pain score after adjustment (p = 0.01). The p-value for a
el (p < 0.001) but not after adjustment (p = 0.42).
ine in women one year after entry.

target disease endpoint (such as incorporating serial change in
radiograph-determined osteoarthritis), use of a validated symptom
collection instrument, identification of 25(OH) D levels for eligibil-
ity that are most highly correlated with joint symptoms, and use of
appropriately targeted vitamin D dosage demonstrated to increase
25(OH) D levels to the sufficient range.

Differences in body mass index and physical activity represent
potential confounding factors for the association between 25(OH) D
and joint pain seen. Lean and physically active women more com-
monly have higher 25(OH) D concentrations [3,17,31] and lower
joint pain. In the current report the association between 25(OH)
D and joint pain was seen even in analyses controlled for these
variables.

Study strengths include the size of the well characterized,
diverse study population, measurement of the serum 25(OH) D
concentrations with standard assay, and ability to control for both
BMI and physical activity in analyses. Study limitations include the
cross sectional nature of the analyses, participants identified as con-
trol subjects for fracture, breast cancer and colorectal cancer cases,
and that the joint pain and joint swelling scale used has not been
compared to other instruments or undergone formal validation.

We conclude that joint symptoms are commonly reported by
postmenopausal women and very low 25(OH) D concentrations are
associated with higher joint pain scores. In cross section analyses,
total vitamin D intake from both diet and supplement was only
modestly associated with 25(OH) D concentrations. Taken together,
these results can inform the design of future studies of the relation-
ship between 25(OH) D and joint symptoms.
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