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Abstract
Background: 25-hydroxivitamin-D (25[OH]D) and Dual-energy x-ray

absorptiometry (DEXA e routinely evaluated in bone health clinics, but
existing literature is co ing with regard to whether these factors predict Discuss this article
fragility fractures. We hypothesized that both serum 25(OH)D levels and bone
density are lower in patients who have sustained fragility fracture(s) prior to
initial presentation compared to those patients who have not.

Methods: We reviewed the charts of 102 consecutive patients presenting to a
single-center Bone Health Clinic, comprising 11 males and 91 females with a
mean age of 68 and-range-0f-50-t0-92. Demographic data, serum 25(0OH)D
levels, fracture history, and DEXA scans were obtained at the initial visit.

Results: 64 patients had previously sustained a fragility fracture, and 38
patients had not. 25(OH)D levels were similar in the fracture and non-fracture
groups (37.12+17.02 ng/mL versus 38.55+16.42, p=0.676). DEXA T-scores
were similar between fracture and non-fracture groups (-2.28+1.33 versus
-1.82+1.1, p=0.075). Patients with rheumatoid arthritis (RA) (n=7) had lower
25(0OH)D levels upon presentation (mean 22.57+8.46 versus 38.77+16.67,
p=0.001). BMI was inversely correlated with 25(OH)D level (Pearson
correlation [R] =-0.211, p=0.033). Age was inversely correlated with DEXA
T-score (R=-0.269, p-0.009), whereas BMI was positively correlated with DEXA
T-score (R=0.259, p=0.013). The other demographic variables and risk factors
studied were not significantly associated with either 25(OH)D levels or DEXA
T-scores. Within the fracture group, DEXA T-scores were lower for patients
who had sustained a hip fracture (n=15) compared to those who had sustained
a fragility fracture elsewhere (-3.12+1.02 versus -2.03+1.32, p=0.004), but their
25(OH)D levels did not differ (34.33+25.49 versus 37.98+13.69, p=0.602).
Conclusions: In this cohort of patients referred to a Bone Health Clinic, serum
25(0OH)D levels and DEXA T-scores did not differ between those patients who
had sustained a fragility fracture from those who had not.
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Introduction

Fragility fractures are defined by their low-energy nature, occur-
ring from a fall or impact from a standing height or lower. They
are the result of an underlying problem in the bone itself—for
example, low density or abnormal remodeling—and, therefore,
potentially preventable. Low bone mineral density (BMD) has
been widely accepted as the target for treatment and prevention
of these fractures, given its high prevalence and economic burden.
Fifty-five million adults in the U.S. have low bone density, as
defined by osteopenia or osteoporosis, sustain 1.5 million fragil-
ity fractures annually, and cost an estimated $22 billion annu-
ally for osteoporosis-related care'~. Primary prevention is the
ultimate goal; unfortunately, in clinical practice the diagnosis
of low BMD is often not made until after fragility fractures have
already occurred.

A key explanation for this diagnostic lag is the limitations BMD
measurements have in predicting fragility fracture risk via exist-
ing methods, particularly dual-energy x-ray absorptiometry
(DEXA). Measurements of BMD obtained by this—test provide
a snapshot of a patient’s bone density at a single time point, but
bone metabolism is a dynamic process that is not fully reflected
by BMD measurements alone. As many as 50% of patients with
fragility fractures do not have osteoporosis as defined by their
bone density’™. Recognizing this limitation, the World Health
Organization developed the Fracture Risk Assessment Tool
(FRAX) to guide treatment and prevention strategies for fra-
gility fractures. This online resource (https://www.sheffield.
ac.uk/FRAX/) calculates 10-year fracture risk by integrating
BMD with patient risk factors and is based on clinical data from
a global cohort encompassing over 250,000 person-years of
observation®’. However, FRAX does not account for all patient
factors that likely have an impact, and among these include fall
risk, bone turnover markers, or certain medications. Moreover,
FRAX has been shown to underestimate fracture risk in patients
with diabetes, for example, as this particular risk factor is
excluded from the calculation®.

In particular, FRAX does not account for serum 25-hydroxy-
vitamin-D [25(OH)D] levels. Vitamin D plays a key role in
bone metabolism, and its supplementation is a mainstay in oste-
oporosis treatment and prevention, given its key role in bone
metabolism’'?. Hypovitaminosis D is defined as a serum level
<30 ng/ml and is present in nearly 70% of the U.S. adult popu-
lation, according to National Health and Nutrition Examination
Survey (NHANES) data'’. Although the relationships between
25(OH)D levels and BMD, as well as that between BMD and
fragility fractures, have been reported'*"?, these previous studies
focused primarily on hip and vertebral fragility fractures” . The
lationshi 25 COH)D-levels. fragility £ elinical
ol f _and BMD i ine] , ¢ roferral-pati |

Recently, our orthopedic surgery department established a
referral service for patients who have either sustained or been
identified as being at risk for sustaining fragility fractures. Serum
25(0OH)D levels, demographic data, clinical risk factor assessments,
and BMD measurements using DEXA are routinely obtained
for all patients at their initial office visit. The objective of this
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study is to evaluate the relationships between the data collected
and the prevalence of fragility fractures in this cohort of referral
patients. We hypothesized that both BMD measurements and serum
25(0OH)D levels are lower in patients with a prior fragility fracture
compared to those without.

Methods

Patient Characteristics

Following approval by our institutional review board, the
charts of patients presenting to our Bone Health Clinic were
reviewed. Patients age S0 and-elder without a history of primary
metabolic bone disorders (osteomalacia, Paget disease, or primary
hyperparathyroidism) or oncologic bone disorders (primary or
metastatic disease involving the skeleton) were included. Patients
were included regardless of their vitamin D supplementation
status prior to presentation. At the initial visit, each patient’s
demographic data (age, race, and sex), body mass index (BMI),
smoking history, corticosteroid use, and medical comorbidities
(in particular, diabetes mellitus [DM] and rheumatoid arthritis
[RA]) were recorded. A serum 25(OH)D level (ng/mL) was
obtained for all patients. In addition, a DEXA scan to measure areal
BMD T-scores at the lumbar spine, femoral neck, total hip, and
distal radius (g/cm?) was obtained for those patients who had not
had a DEXA within the six months prior to their first visit. The
lowest BMD T-score value among the anatomical sites scanned
was analyzed, consistent with our clinical practice preferences in
guiding treatment decisions. Prior history of fragility fractures,
if applicable, was documented in detail and included the mecha-
nism of injury, date of injury, fracture site, and number of fractures
sustained. (Dataset 1)

Dataset 1. Demographic Data, Fracture Status, and Serum
25-Hydroxy-Vitamin D Levels for the Bone Health Clinic Patient
Cohort

http://dx.doi.org/10.5256/f1000research.12484.d175581

Each row represents a single patient’s information which is
separated into columns based on topic of interest. These include
age, sex, race, body mass index (BMI), fracture status on initial
presentation, anatomical location of fracture(s) (if applicable),
whether a patient with a prior fracture had sustained a hip fracture
or multiple fractures, the time from most recent fracture sustained,
DEXA T-scores included in separate columns with the lowest of

the three listed in a separate column, serum 25(OH)D level, serum
parathyroid hormone (PTH) level, rheumatoid arthritis status, smoking
status, diabetes mellitus, and corticosteroid use. Y=yes, N=no.

Statistical Methods

Discrete data, including patient demographics and risk factors,
were described using means (SD) or proportions, as appropriate.
Normality of the continuous variables, including 25(OH)D level,
BMD measurements, BMI, and age, was assessed using QQ plots
and boxplots. All categorical and continuous variables were com-
pared between the fracture and no fracture groups using the Stu-
dent t-test, chi-squared, or Fisher’s exact test, as appropriate. A
subgroup analysis was also performed using these methods among
the fracture patients to compare patients with a prior hip fracture
to those with a prior fragility fracture elsewhere. Multivariate
logistic regression analysis was performed including all covariates
with a p-value less than 0.2 in the bivariate analyses, as well as
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25(OH)D and BMD, to see whether these markers are independent
predictors of referral group (i.e., prior occurrence of fragility
fracture). Association of age, race, gender, BMI (and any other
variables) with each of the 25-D and BMD measurements were
performed with Pearson correlation or t-test as appropriate.
A multivariate linear regression was also performed for each of
BMD and 25-D level including all covariates with a p-value less
than 0.2 in the above bivariate analyses to see whether these covari-
ates are independently associated with 25-D or BMD. The Pearson
correlations between BMD and 25(OH)D were computed within
the two referral groups separately, as well as within the entire
sample. For all analyses, a two-tailed p < 0.05 was considered
significant. Bootstrap analysis and permutation tests were used
to confirm bivariate_results when there were concerns about
normality of data.

Results

Demographic Data

One hundred and fourteen patients’ charts were identified. Twelve
of these patients were excluded: ten lacked either a 25(OH)D
level or DEXA scan available for review, and two had a diag-
nosis of primary hyperparathyroidism. Therefore, 102 patients
were included in the study for analysis. 91 of these patients wer

women, and 11 were men. Sixty-four presented with a prior
history of a fragility fracture (55 women, 9 men), while 38 of them
presented without a prior history of a fragility fracture (36 women,
2 men). Mean patient age was 68, with a range of 50 to 92. Ninety
patients were white, seven were black, and five were of other races.
Average patient BMI was 28.71 and ranged from 15.14 to 45.58.
The average 25(OH)D level was 37.66 ng/ml and ranged from 11
to 105 ng/ml. There were 12 patients with DM, seven patients with
RA, four with a prior history of or current usage of corticosteroids,
and 47 with a positive smoking history.

Fracture Data

Prior fragility fractures occurred in 64 patients. The fractures
recorded included six distal radius fractures, four fractures of
the upper extremity other than distal radius, 15 hip fractures,
18 fractures of the lower extremity other than hip, 13 frac-
tures of the thoracic spine, and 23 fractures of the lumbar spine.
Fifty-one patients presented with one prior fragility fracture,
11 presented with two prior fragility fractures, and two presented
with three. Eleven fragility fractures had occurred within one
month prior to initial presentation, 28 occurred between one and
six months prior, five occurred between six and 12 months prior,
five occurred more than one year prior, and 15 occurred at an
unknown prior time.

The fracture and non-fracture groups did not differ significantly
with regard to sex, race, smoking history, steroid use, DM or RA.
(Table 1) Additionally, the two groups did not differ significantly
with regard to age, BMI, BMD value, or serum 25(OH)D level.
(Table 2)

In the subset of patients with a prior fragility fracture (n=64), those
who had sustained a hip fracture (n=15) had significantly lower
BMD values compared to those who had sustained a fracture else-
where (mean -3.12 vs. -2.03, p=0.004). There were no significant
differences with regard to serum 25(OH)D level or any of the other
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variables measured when comparing these two subgroups. (Table 3
and Table 4)

Patient Factors and 25(OH)D Level

Sex, race, smoking history, DM, and steroid use were not sig-
nificantly associated with measured serum 25(OH)D levels.
However, patients with RA had significantly lower serum
25(OH)D levels upon presentation compared to non-RA patients
(mean 22.57 vs. 38.77, p=0.001). (Table 5) Age and lowest
BMD value were also not significantly associated with meas-
ured serum 25(OH)D level. However, BMI was negatively
correlated with serum 25(OH)D level (R=-0.211, p=0.033).
(Table 6, Figure 1)

Table 1. Fragility Fractures Associated with Discrete Patient

Variables. @

Predictor Odds 95% CI Chi-Squared Fischer
Ratio P-value Exact
P-value
Sex (M:F) 2.95 0.6-14.43 0.166 0.203
Race - - 0.40 0.395
Smoking hx 2.25 0.98-5.19 0.054 -
RA 1.53 0.28 - 8.28 0.62 1.0
DM 1.24 0.35-4.42 0.744 1.0
Steroid use 1.82 0.18-18.15 0.605 1.0
T . Fragility Fractures Associated with
C uous Patient Variables.
Predictor Mean (Y, N) StDev (Y,N) P-value
Age 69.48,66.95 10.64, 9.46 0.215
BMI 28.08, 29.77 6.47, 6.47 0.206
BMD T-score -2.28,-1.82 1.33, 1.1 0.076
25(0OH) level 37.12,38.55 17.02, 16.42 0.676

Table 3. Fragility Fracture Subgroup: Hip-fractures versus
Non-hip Fractures.

Variable Hip Fracture Non-hip Fracture P-value
Mean (SD) Mean (SD)

25(0OH)D 34.33 (25.49) 37.98 (13.69) 0.602

BMD T-score  -3.12 (1.02) -2.03 (1.32) 0.004

Table 4. Fragility Fracture Subgroup: Single versus
Multiple Fractures.

Variable Multiple Fx Single Fx P-value
Mean (SD) Mean (SD)
25(0OH)D 39.23(19.87) 36.59(16.39) 0.664
BMD T-score  -1.94 (1.48) -2.37 (1.29) 0.375
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Table 5. Association Between Serum 25(OH)D and Discrete Table 6. Association Between Serum
Patient Variables. @ 25(OH)D and Continuous Patient
Variables.

Variable Mean St Dev P-Value Variable Pearson Pearson
Sex 42 (M), 37.13(F)  16.76 (M), 16.74 (F)  0.380 SRme st eyl

37.1 (W), 40.14 (B),  16.57 (W), 19.83 Age 0151 0129
Race " a420©) | (B),17.15(0) 0.605 BMI 20.211 0.033
RA 22,57 (Y), 38.77 (N) 8.46(Y), 16.67 (N)  0.001 BMD T-score 0.107 0.308
Smoking 3596 .
e 96 (), 39.04 (N) 17.3(Y), 16.39(N)  0.363 Patient Factors and BMD Measurements

Sex, race, smoking history, DM, RA, and steroid use were not

DM 35(Y), 37.61(N)  15.54(Y), 16.58 (N)  0.597 significantly associated with the lowest BMD measurement.
Steroid use 44.25 (Y), 37.39 (N) 20.04 (Y), 16.65 (N) 0545 (Table 7) However, age was negatively correlated with low

BMD value (R=-0.269, p=0.009), whereas BMI was positively

Scatterplot and Regression of Vitamin D on BMI

100- Correlation: -0.211, p: 0.033

75-

Vitamin D

50= (] (]

25+

20 30 40
BMI

Figure 1. Serum 25(OH)D Level Based on Body Mass Index. A scatterplot of patients’ serum 25(OH)D levels as a function of their body
mass index reveals a negative correlation (r=-0.211, p=0.033).
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Table 7. Association Between BMD Measurements and correlated with low BMD value (R=0.259, p=0.013). (Table 8,
Discrete Patient Variables. Figure 2 and Figure 3)

Variable Mean St Dev P-value Posthoc Power Analysis
A power analysis calculation with the criteria set at 80% power

Sex -1.81 (M), -2.14(F) 1.37 (M), 1.25 (F) ~ 0.459 and a p-value of 0.05 indicates a sample size requirement of 1692
-2.05 (W), -1.94 (B), 1.21 (W), 1.1 (B),

Race -3.16 (0) 2,02 (0) 0.153

. Table 8. Association Between BMD Measurements
Smoking hx  -2.09 (Y),-2.11(N)  1.39(Y), 1.18(N) ~ 0.954 and Continuous Patient Variables.
DM -2. Y), -2. N) 1. Y), 1.23 (N 594

83 (¥). -2.06 (N) 86(Y). 1.23(N) ~ 0.59 Variable Pearson Correlation Pearson P-value

RA -2.37 (), -2.08 (N)  0.76 (Y), 1.29 (N)  0.431 Age -0.269 0.009
Steroid Use  -2.87 (Y), -2.08 (N) 0.42(Y), 1.27 (N) 0.054 BMI 0.259 0.002

Scatterplot and Regression of DEXA on BMI

. Correlation: 0.259, p: 0.013

DEXA

4

20 3‘0 40
BMI

Figure 2. DEXA T-Score Based on Body Mass Index. A scatterplot of patients’ lowest measured DEXA T-score as a function of their body
mass index reveals a positive correlation (r=0.259, p=0.013).
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Scatterplot and Regression of DEXA on Age

DEXA

Correlation: -0.228, p: 0.021

50 60 70 80 90
Age

Figure 3. DEXAT Score Based on Age. A scatterplot of patients’ lowest measured DEXA T-score among as a function of their age reveals a

negative correlation (r=-0.228, p=0.021).

patients in each group to detect the difference in serum 25(OH)D
levels between fracture and non-fracture patients that was observed
in this study.

Discussion
Fracture liaison services are increasing in popularity as an adjunct
to traditional orthopedic fracture care. These liaison services
have been successful in providing more comprehensive medical
evaluation and treatment for some fragility fracture patients”—".
@ost-fracture osteoporosis care continues to be a treatment gap,
ince the majority of patients with fragility fractures are likely
to “fall through the cracks” after their orthopedic care, without
a proper referral system in place™ . Our Bone Health Clinic

aims for primary and secondary prevention of fragility fractures
and, thereby, has expanded its indications for referral to also
include patients who have yet to fracture prior to their initial
visit.

Fracture and non-fracture groups did not differ with respect to any
of the demographic variables evaluated. This suggests that our
non-fracture patients were a suitable control group. Although
our control group is valid on the basis of our interest in studying
this specific referral population, this data is not generalizable to
all adults age 50 and over in the U.S. This differs from previous
studies which utilize publicly available data, such as NHANES, to
estimate fragility fracture risk’®.
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In this study, serum 25(OH)D was not associated with fragility
fractures. The literature regarding the predictive value of 25(OH)D
levels in the setting of fragility fractures is conflicting, and this may
be because most existing cohort studies analyze different fragil-
ity fracture sites. Swanson et al., Bakhtiyaroya et al., and LeBoff
et al. studied fragility fractures of the hip and found
lower 25(OH)D levels in patients with hip fractures as compared to
controls***', However, Maier et al. studied vertebral fragility
fractures and found no significant difference in 25(OH)D levels
of patients admitted with vertebral fragility fractures compared to
a control group”. Furthermore, Rozental et al. found no signifi-
cant difference in 25(OH)D levels in patients who had sustained
a fragility fracture of the distal radius as compared to controls™.
Our study analyzed all fragility fracture sites, with the excep-
tion of our subgroup evaluation of 25(OH)D level in hip-fracture
patients compared to non-hip-fracture patients. Our findings agree
with prior studies and suggest that the predictive value of serum
25(OH)D levels may depend upon the specific fracture site. In a pop-
ulation study of nearly 5,000 patients, Looker found that 25(OH)D
levels were a significant linear predictor of major osteoporotic
fracture and a significant quadratic predictor of hip fracture. How-
ever, in the same study 25(OH)D levels did not predict fractures
beyond 10 years after presentation’. This further supports the
notion that fragility fracture sites differ with respect to the predic-
tive value of 25(OH)D, with hip fractures having the strongest asso-
ciation. Further cohort studies with greater numbers are needed to
distinguish the utility of 25(OH) among the various fracture sites.

The literature regarding the predictive value of BMD is also con-
flicting. Melton e al. found that low BMD measurements pre-
dicted fragility fractures at the hip and lumbar spine at long-term
follow-up of ten years'®. However, Schuit et al. found that less
than half of the patients in their cohort with non-vertebral fractures
had low BMD°. Furthermore, Marshall et al. performed a meta-
analysis of 11 studies evaluating the relative risk for fracture with
decreases in BMD and concluded that although BMD can be
useful to predict fracture risk on a population level, it cannot pre-
dict which individuals will fracture”. Our findings confirm this
data, as we found that BMD measurements are not associated
with fragility fractures as a whole, except in patients sustaining
hip fractures compared to those with fractures elsewhere. One
potential explanation for the lack of fracture predictability using
BMD in this study is that, for those patients with fragility frac-
tures, the lowest DEXA value measured was not necessarily in the
fractured area. Bone strength is derived not only from bone quan-
tity but also bone quality, which consists of structure (micro- and
macroarchitecture), turnover, and material properties—all of which
are not assessed with DEXA. Our finding that BMD decreases
with age is also consistent with existing literature™".

In our study, all patients were considered to have sustained a fragil-
ity fracture if the fracture occurred after a fall from standing height
or lower. It is possible that any high-energy fractures sustained by
these patients previously, and which were excluded in our calcula-
tions using this definition, could have actually resulted in fragility
fractures had the mechanism of injury been low energy. It has been
reported that the exclusion of high-energy fractures underestimates
the prevalence of fragility fractures in the community, and as a
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result BMD measurements have been recommended following all
trauma in older adults regardless of the nature of the energy*'. This
knowledge, along with the findings of a previous study which found
a high prevalence of hypovitaminosis D among patients admitted
to an orthopedic trauma service*, suggests that older adult patients
warrant post-fracture care work-up regardless of the mechanism of
injury.

With regard to the clinical risk factors we studied, patients with
RA had lower serum 25(OH)D levels. This confirms existing data
which has well established the linkage between RA disease activity
and severity, and decreased vitamin D synthesis**. However, we
cannot conclude whether these patients’ 25(OH)D levels were the
result of their disease.

The effect BMI has on fracture risk is difficult to determine based
on our data, as we found a positive association of BMI with
BMD and a negative association with 25(OH)D levels. Ekwaru
et al. determined that the serum 25(OH)D level significantly
drops as BMI increases among individuals with vitamin D
supplementation”’. We speculate that the concentration gradient
of 25(OH)D may shift from serum to fat stores as BMI increases.
On the other hand, the increased bone density afforded by being
overweight may simply be due to the increased response of
bone to mechanical stress, according to Wolff’s Law, as has been
shown clinically’®. Both of these associations with BMI were
weak, so it is unclear how significantly BMI affects each of these
markers. We conclude that obesity may confound the overall
assessment of fracture risk in these patients.

Limitations of the present study include its retrospective nature as
well as a small, homogeneous sample which is underpowered to
detect the difference in 25(OH)D levels or DEXA values between
the fracture and non-fracture groups. Given the reported high preva-
lence of hypovitaminosis D in the U.S. population, we were sur-
prised to find that many of the patients studied had normal serum
25(OH)D levels. This is likely the result of supplementation by
patients prior to referral. Future studies including a larger number
of patients, in particular those who have not received prior vitamin
D supplementation or other pharmacologic treatment are needed.
While 25(OH)D levels may be of value in predicting fracture risk
in treatment-naive patients, in those already on supplementation we
found that § ility is largely limited to serving as a reference for
dosing. ‘@

Our goal with this study to provide preliminary data on a refer-
ral population of patients deemed to have poor bone health will
prove useful in the establishment of similar programs elsewhere,
in light of the increasing trend in healthcare toward quality and
outcomes measures. We conclude that the initial assessment of
patients presenting to Bone Health Clinic is complex and requires
a holistic approach, taking into consideration a multitude of
factors.

Data Availability

Dataset 1: Demographic Data, Fracture Status, and Serum
25-Hydroxy-Vitamin D Levels for the Bone Health Clinic Patient
Cohort
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Each row represents a single patient’s information which is
separated into columns based on topic of interest. These include
age, sex, race, body mass index (BMI), fracture status on initial
presentation, anatomical location of fracture(s) (if applica-
ble), whether a patient with a prior fracture had sustained a hip
fracture or multiple fractures, the time from most recent frac-
ture sustained, DEXA T-scores included in separate columns
with the lowest of the three listed in a separate column, serum
25(OH)D level, serum parathyroid hormone (PTH) level, rheu-
matoid arthritis status, smoking status, diabetes mellitus, and
corticosteroid use. Y=yes, N=no. 10.5256/f1000research.12484.
d175581
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