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Background—Vitamin D is important for gastrointestinal absorption of calcium and phosphorus,
for bone mineralization, and is one useful therapeutic component in the prevention and treatment of
osteoporosis and osteoporotic fractures. Low levels of 25 hydroxyvitamin D have been implicated
as a risk factor for falls, for all fractures in general and for hip fractures in particular. At present there
is a gap in the diagnosis and treatment of vitamin D deficiency in older adults with hip fractures.

Purpose—To explore the distribution of and correlates to levels of vitamin D in a population of
patients with a recent hip fracture.

Sample—25 hydroxyvitamin D levels were measured in 526 screened subjects and 385 ultimately
randomized patients who were part of the HORIZON RFT multinational trial, a randomized, placebo-
controlled, double-blind trial testing the efficacy of a yearly intravenous bisphosphonate, zoledronic
acid, in the prevention of new clinical fractures in patients with recent hip fracture repair.

Results—In screened patients, levels of 25 hydroxyvitamin D were low (median=14.7 ng/mL,
IQR=7.80,22.5,), and 51% were at or below the clinically meaningful threshold of 15 ng/mL. In
randomized patients, in bivariate analyses, level of 25 hydroxyvitamin D was significantly (p<0.05)
related to male gender (r=0.12), calcium (r=0.16), and bone mineral density at the femoral neck
(r=0.22). Low serum 25 hydroxyvitamin D (<15ng/mL) was related only to low calcium (odds=0.15
95%CI=0.03, 0.63) in multivariate logistic models controlling for gender, age, race, BMI, living at
home, alkaline phosphatase, and creatinine clearance. However, low serum calcium is an insensitive
and poorly specific means of identifying patients with vitamin D deficiency, with an area under the
ROC of 0.6.

Conclusions—We conclude that vitamin D insufficiency is a common problem in this population
of subjects who have recently suffered a hip fracture. This insufficiency is related only to calcium
in multivariable controlled models, but cannot be reliably identified or excluded by measuring serum
calcium alone. Physicians should be encouraged to check and monitor serum levels of 25
hydroxyvitamin D, or to universally treat for vitamin D deficiency in patients experiencing a low
trauma hip fracture.

Introduction

Vitamin D is important for gastrointestinal absorption of calcrum and phosphorus, in bone
mineralization and is a component of good dietary regrmen partrcularly among those with
osteoporosis 3, Vitamin D deficiency is common in older populatlons particularly during the
winter months, and in nursing home residents. However, the reported rates of vitamin D
deficiencies are highly variable, ranging from 6% in healthy community-dwelling women 410
60% in nursmg home residents 5 to 57% to 85% in a series of patients admitted 47 to the
hosprtal In a smaller sample of fracture patients than utilized here, Simonelli et al 1, found
that over 50% had low vitamin D levels.

Low levels of vitamin D as assessed by serum 25 hydroxyvitamin D levels have been implicated
as a risk factor for falls % 7 for fractures 8 9 in general, and for hip fractures 10n particular.
A sequence in aging Imkrng vitamin D deficiency, low serum calcium, and secondary
hyperparathyroidism with increased bone resorption has been proposed

Vitamin D supplementation has been shown to be a useful 4,8 and cost-effectivel? treatment
for the preventlon of fractures, maintaining or increasing BMD 13, and treatment post-hip
fracture 9 14 but, to date, |s underutilized in the treatment after h|p fractures® 16 For
example, Harrlngton etal. reported that across several health systems in the U.S. only 14%
of hip fracture patients were prescribed vitamin D. A challenge in the diagnosis and
management of vitamin D deficiency in this population is the expense and lack of local
availability of high-quality vitamin D assays, many of which do not accurately measure levels
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of 25 hydroxyergocalciferol (25(OH)D2), or vitamin D2 received from dietary sources and
supplements.

Thus, at present, there is a gap in the knowledge about the prevalence, diagnosis and treatment
of vitamin D deficiency in adults with hip fractures’. The aim of this study is to assess the
distribution and correlates to level of vitamin D in a sample of women and men with recent
hip fractures who were part of a large clinical trial. A secondary aim is to determine whether
other readily available serum markers of bone metabolism such as serum calcium or alkaline
phosphatase are sensitive or specific for identifying vitamin D deficiency in this population,
given the cost and difficulties with current vitamin D assays.

Subjects and Methods

Measures

Subjects were part of a multinational study, “A randomized placebo-controlled double-blind
trial testing the efficacy of a yearly intravenous bisphosphonate, zoledronic acid, in the
prevention of new clinical fractures in patients with recent hip fracture repair” 18, Subjects
were drawn from 115 clinical centers worldwide in 20 countries. The design and conduct of
the study have been described elsewhere [17]. Briefly, at screening or randomization,
demographic data, bone mineral density (BMD), Body Mass Index (BMI), and laboratory
values for calcium, phosphorous, and creatinine were determined. At randomization, all
subjects given loading dose of 100,000 units of vitamin D2 or D3, plus daily dietary
supplements of vitamin D and calcium precluding examination of the natural history of the
vitamin D, post hip-fracture.

Initially, 25 hydroxyvitamin D levels were measured by a central laboratory in all subjects
prior to the receipt of study drug. However, early on in the trial, when the extent of vitamin D
deficiency the population became apparent, the protocol was amended such that all subjects
were given a loading dose of 100,000 IU vitamin D obviating the need to measure initial vitamin
D level. This report includes 1174 screened (526 with vitamin D measured) and 655
randomized (385 with vitamin D measured) subjects randomized before the protocol
amendment.

Male and female subject were eligible for inclusion in the study if they were greater than 50
years old, had undergone surgical repair of a hip fracture in the preceding 90 days, were
ambulatory (with or without assistive devices), and had intact lower appendages. Subjects were
excluded if they (1) preferred use of oral bisphosphonate, (2) had been treated with
investigational drug with 30 days, (3) had a history of allergic reaction or hypersensitivity to
bisphosphonates, (4) had a history of uvetitis or irititis (except secondary to trauma), (5) had
a calculated creatinine clearance < 30 m/min, (6) had a Serum Calcium > 2.75 mmol/L L or <
2.0 mmol/L, (7) had a serum alkaline phosphatase > 2.5 XULN, (8) had primary
hyperparathyroidism, hypoparathyroidism, osteogenesis imperfecta, Paget’s disease of bone,
or other metabolic bone disease (except osteoporosis), (8) had a diagnosis of cancer within 12
months, (9) had a previous organ transplant, (9) had any Intravenous bisphosphanate within
the last 2 years, (10) had prior use of oral bisphosphonate within 2 years (based on length of
use), (11) reported use of PTH or sodium fluoride for osteoporosis, or (12) reported prior use
of Strontium.

Blood was obtained on subjects at the time of screening, and sent at ambient temperature to
Covance Central Laboratory, Indianapolis, Indiana. Serum 25 hydroxyvitamin D was measured
by the Nichols Advantage Assay (Nichols Research Diagnostics). From these same serum
samples, calcium, creatinine, alkaline phosphatase, and albumin were measured by
autoanalyzer.
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At randomization, the following demographic variables were collected on the Clinical
Research Form (CRF): gender, age in years, race (white, black, oriental, Hispanic, other), living
at home vs. in nursing home. In addition, the following lab values were available: calcium,
alkaline phosphatase, calculated creatinine clearance (by the Cockroft-Gault equation),
albumin, total hip bone mineral density (BMD), and femoral neck BMD. Albumin was
measured on only a subset of subjects (n=62) and therefore was not available for use in all final
multivariable models.

The outcome measures were level of serum 25 hydroxyvitamin D level prior to administration
of study drug, vitamin D, and calcium supplements. Since we were particularly interested in
the rates and correlates of low 25 hydroxyvitamin D, using the definition of Thomas. et al., 6
for moderate and severe hypovitaminosis D, the continuous measure of vitamin D above was
dicotomized at <15ng/ml vs > 15ng/ml.

a. Level of 25 hydroxyvitamin D — The bivariate relationship between clinical and
demographic variables with 25 hydroxyvitamin D was assessed by Spearman
correlation, allowing for the floor value of the assay (7ng/ml) for 25 hydroxyvitamin
D. Multivariable parametric procedures were not employed, since many subjects had
levels below lower detection threshold of the assay (<7ng/ml), and were coded to the
floor value (7ng/ml).

b. Low 25 hydroxyvitamin D (15ng/ml ) - The bivariate and multivariable relationship
between clinical and demographic variables with low vitamin D (<15ng/ml) was
assessed by logistic regression in randomized patients.

Across all screened subjects, levels of 25 hydroxyvitamin D were low (median=14.7 ng/mL,
IQR=21.65,7.60). Fifty one percent of the subjects were at or below the pre-defined clinically
important threshold of 15 ng/mL. The level of 25 hydroxyvitamin D was slightly lower in those
who were screen failures (n=100) than in those who were ultimately randomized (n=385)
(median 12.95 ng/mL vs. 15.2 ng/mL, p=0.06, by Wilcoxon rank-sum test). Males, on average,
had slightly higher levels of 25 hydroxyvitamin D in 385 subjects who were enrolled and
randomized, (see figure 1). The median value for males was 16.9 ng/ml and 14.4 ng/ml in
females (p=0.013, by Wilcoxon rank-sum test).

Low calcium related to lower levels of vitamin D (spearman rho=0.13, p<0.05), albumin
(rho=0.26, p>0.05), and total hip BMD (rho=0.22, p<0.05) ) in bivariate analyses (Table 1).
Surprisingly, alkaline phosphatase elevations did not predict vitamin D levels.

As shown in table 2, only albumin OR=0.30 (95% C1=0.11, 0.81) and calcium OR=0.16 (95%
Cl=0.05, 0.52 were predictors of low (<15ng/ml) levels of vitamin D in bivariate analyses.
While statistically significant, low calcium was an imperfect proxy for low vitamin D (Area
under the Curve=0.60), lacking sufficient sensitivity or specificity to suggest use as a proxy
for low vitamin D. In multivariate models, calcium remained significantly related to low 25
hydroxyvitamin D (OR=0.02, 95% C1=0.01 0.12), controlling for race, age, BMI, living place,
alkaline phosphatase, femoral neck BMD, and creatinine clearance.
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Discussion

This study demonstrates that in a large sample of elders with hip fracture, vitamin D levels are
remarkably low. This high prevalence of vitamin D deficiency may be the result of low levels
of ultraviolet light exposure or insufficient vitamin D dietary intake common in elders.

This study has several limitations. First, it may be that low levels of 25 hydroxyvitamin D are
a byproduct of the hip-fracture process. However, as noted by Thomas et al.6, the half life of
serum 25-hydoxyvitamin D is 3 weeks, substantially less than the 90 day time period in which
most of our subjects were measured after their hip fracture. Second, despite being derived from
a multinational sample, the sample analyzed here is a subset of all hip fracture patients who
met inclusion and exclusion criteria, and, thus, our results may not generalize to the entire
population of hip fracture patients. It is our expectation that those subjects not eligible or not
consented were frailer with more comorbidities and, hence, likely to have even lower values
of vitamin D. Third, it is possible that the low levels of 25 hydroxyvitamin D that we report in
this study were actually higher than the levels reported with the Nichols Advantage 25
hydroxyvitamin D assay. Several studies have shown that commercially available 25
hydroxyvitamin D assags underestimate that amount of 25 hydroxyergocalciferol (25(OH)D2)
in serum samples 19,20 25(0OH)D2 represents vitamin that patients who have received from
ergocalciferol (drisdol) or dietary sources. Thus, the 25 hydroxyvitamin D levels (representing
both 25(0OH)D2 and 25(OH)D3) may have been higher than we report. We were unable to
predict how many more samples would have had higher 25(OH)D levels if done by an assay
that correctly measures 25(OH)D2 since we did not have additional serum samples on these
subjects.

It may be worth speculating that if this finding of low vitamin D is generalized to the larger
population with hip fracture, numerous clinical implications may follow. First, low vitamin D
may play a role in the high prevalence of hypocalcemia observed in this population. Second,
clinicians may find reduced efficacy of bone active medications in the presence of lower
vitamin D levels. Third, vitamin D may play a role in reduced muscle strength and, hence,
increased falls. All of these factors may contribute to the increased risk of subsequent fractures
observed in hip fracture patients (16).

Physicians should be encouraged to either check and follow levels of 25 hydroxyvitamin D or
to empirically treat for vitamin D deficiency with a loading dose and daily vitamin D
supplements in patients experiencing a low trauma hip fracture. This is especially important
prior to initiating bisphosphonate therapy since serious hypocalcemia may result when vitamin
D deficiency is left uncorrected?L. The parent trial from which these results were derived will
provide important information on the potential additional benefits of an active treatment,
zoledronic acid, among this patient population, in whom vitamin D deficiency has been
corrected.
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Cumulative Frequency of OH,25 Vitamin D levels by Gender
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Figure 1.
Cumulative Frequency of OH, 25 Vitamin D levels by Gender
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Table 2

Prediction of Low Vitamin D (<15 ng/mL) (N=385)

Variable Bivariate Odds (95% Cl) Multivariable Odds (95% CI)
Age (per 10 years) 1.16 (0.94.1.44) 0.84 (0.53,1.34)

Gender (male) 0.69 (0.44,1.09) 0.61 (0.30,1.26)

Race (non-white) 1.34(0.66,2.73) 0.61 (0.20,1.89)

BMI (ka/m?) 1.01 (0.97,1.06) 1.07 (0.99,1.15)

Living at home 1.14 (0.60,2.15) 1.00(0.34,2.94)

Calcium (mmol/L) 0.16 (0.05,0.52) 0.02 (0.01,0.12)

Alkaline Phosphatase (100 U/L) 1.06 (0.81,1.38) 1.87(1.13,3.08)
Creatinine Clearance (10 ml/min) 0.95 (0.87,1.04) 1.01 (0.86,1.20)

Femoral Neck BMD (g/cm?) 0.13(0.02,0.88) 0.07(0.01,0.82)

Total Hip BMD (g/cm?) 0.26 (0.03,2.47) * Not added to full model
Albumin (g/dL) (N=62) 0.30(0.11,0.81) * Not added to full model
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