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Abstract Background: More than 1.5 million fractures
occur due to osteoporosis each year. This study exam-
ines the annual health care utilization and associated
expenditures of osteoporotic patients who sustain a new
fragility fracture and of those without a new fracture.
Methods and procedures: The study sample from com-
mercial claims databases consisted of patients enrolled
in US plans between January 1, 1997, and December 31,
2001. Patients with both an osteoporosis diagnosis and a
related fracture were classified as ‘‘osteoporosis with
concurrent fracture’’; all other osteoporosis patients
were classified as ‘‘osteoporosis without concurrent
fracture.’’ Annual utilization and expenditures for the
concurrent-fracture cohort were compared with those
without concurrent fracture, as well as with a group of
patients without osteoporosis (controls) that was mat-
ched to the concurrent-fracture cohort based on age,
gender, US region, health plan type, and length of
enrollment. Exponential conditional mean models were
used to compute regression-adjusted total expenditures
across the groups. The differences in adjusted expendi-
tures were used to generate the economic burden-of-ill-
ness estimates. Results: Osteoporosis patients with
concurrent fracture incurred more than twice the overall
health care expenditures in the study period, compared
with those without fracture (US $15,942 vs $6,476), and
nearly three times those of the control group (US
$15,942 vs $4,658). Approximately 25% of the overall

health care expenditures (US $4,014 of $15,942) for the
concurrent-fracture group were osteoporosis-related
expenditures, leading to the conclusion that comorbid
conditions in osteoporosis patients with concurrent
fracture contribute significantly to overall health care
costs. Some of these comorbidity-related costs were
likely due to pain-related disorders, which occurred
significantly more frequently in the concurrent-fracture
cohort than in the other groups. Conclusion: Osteopo-
rosis-related expenditures, particularly those related to
fracture, were substantial. However, non-osteoporosis-
related expenditures to treat comorbid conditions con-
stituted 75% of the overall health care costs in the year
after an osteoporosis-related fracture, which warrants
further investigation.

Keywords Burden of illness Æ Comorbidity Æ Costs Æ
Fracture Æ Severe osteoporosis

Introduction

Osteoporosis is a systemic skeletal disorder. Formal
diagnostic criteria were established in 1994 by the World
Health Organization (WHO) Study Group [1]. WHO
identifies individuals with osteoporosis as those having a
bone mineral density (BMD) score at least 2.5 standard
deviations (SD) lower than the young adult normal
mean [2]. Severe or established osteoporosis is defined as
a BMD of )2.5 SD or lower in the presence of one or
more fragility fractures [1, 3].

Osteoporosis is the most common bone disease in the
United States, affecting approximately 10 million peo-
ple. More than 1.5 million osteoporosis-related fractures
occur each year. The clinical and humanistic implica-
tions of osteoporotic fractures, particularly hip and
vertebral fractures, are extensive. In the United States,
nearly one third of patients with a hip fracture are
admitted to nursing facilities in the year after a fracture,
and the incidence mortality rate increases to 20% during
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this time [4, 5]. Vertebral fractures, although the most
frequently occurring type of osteoporosis-related frac-
ture, do not always come to clinical attention and are
associated with difficulty in performing activities of daily
living, increased bed days, limited activity days, in-
creased physician visits for back pain, and increased risk
for future fragility fractures [6, 7, 8, 9].

The treatment and subsequent care required for pa-
tients with severe or established osteoporosis places a
substantial economic burden on the individual and the
health care community as a whole [5, 10, 11, 12]. In a
study of the burden of osteoporosis in California during
1998, US $2.4 billion in direct health care costs and over
$4 million in lost productivity were attributed to osteo-
porosis [13]. However, the current literature has not
addressed what proportion of these costs are due to
treating fractures (e.g., inpatient and ER expenditures),
or the proportion of dollars that are spent on osteopo-
rosis medications and BMD testing both before and
after fracture. There is little existing literature regarding
the economic burden of severe or established osteopo-
rosis in the United States [10, 11, 12].

This study investigates annual direct medical expen-
ditures for a cohort of patients with a diagnosis of
osteoporosis immediately after they have sustained an
osteoporosis-related fracture, compared with a cohort of
patients with an osteoporosis diagnosis and no evidence
of fracture, as well as with a control cohort without any
osteoporosis diagnoses (matched to the osteoporosis
cohort with concurrent fracture). Direct medical costs
and utilization are presented by service area for the
study populations and are extrapolated to estimate
the total direct health care costs of osteoporosis for the
entire United States, by fracture status.

Materials and methods

Data source

This retrospective analysis utilized data derived from
Medstat’s MarketScan Commercial Claims and
Encounters (CCAE) database and the Medicare Sup-
plemental and Coordination of Benefits (COB) data-
base. These databases contain the inpatient, outpatient,
and outpatient prescription drug experience of several
million employees and their dependents, early retirees,
and COBRA continuees (annually), covered under a
variety of fee-for-service and capitated health plans.
Claims from January 1, 1997, through December 31,
2001, were used for analysis.

Both databases provide detailed cost and utilization
data for health care services performed in both inpatient
and outpatient settings from approximately 45 large
employers, health plans, and government and public
organizations throughout the United States. Combined,
the databases contain records for approximately 4 mil-
lion people annually. The CCAE and COB databases
are generally representative of the US population in

terms of gender (49% male). The age distribution of the
CCAE file is heavily weighted toward the 0–64-year age
group with a mean age of approximately 34 years, while
the COB’s file is most heavily weighted toward the 65+
population with a mean age of 74 years. The regional
distribution of both data sets is heavily weighted toward
the southern United States and underrepresents the
western sections of the country: northeast (12–13%),
north central region (22–24%), south region (50–51%),
west region (9–14%), and other/unknown (1–3%).
MarketScan data have been widely used for outcomes
studies in a variety of therapeutic areas [14, 15, 16, 17].

Study population

The osteoporosis study population consisted of patients
with a claim for osteoporosis (ICD-9-CM code 733.0x)
between January 1, 1998, and December 31, 2000.
Identified patients were classified into one of two groups.
The osteoporosis with concurrent-fracture cohort con-
sisted of patients with a claim for osteoporosis-related
fractures within 6 months of a claim containing an
osteoporosis diagnosis code. The osteoporosis-related
fracture codes included: pathologic fracture (733.1) or
fracture of the vertebral column (805.x) or fracture of
the pelvis (808.x) or fracture of the wrist (813.4x, 814.x)
or fracture of the femur neck (820.x). Although this is
not exhaustive list of osteoporosis-related fractures,
these fractures are among the most common and most
expensive and were chosen for this reason [4, 5]. The
remaining patients with an osteoporosis diagnosis but
no claims for any of the above-listed osteoporosis-re-
lated fractures are referred to as the osteoporosis with-
out concurrent fracture cohort.

Using this method for case ascertainment of the
concurrent-fracture cohort could lead to misclassifica-
tion. Patients who experience a fracture that is neither
vertebral, hip, wrist, nor pathologic, would not be in-
cluded in the concurrent-fracture cohort. In addition,
this study does not capture fractures that occurred prior
to 1997. This potential misclassification would result in
an underestimation of the prevalence of severe osteo-
porosis and should lead to a more conservative estimate
of health care utilization and expenditures among
patients in the concurrent-fracture cohort.

To assess how often a patient may be misclassified as
not having osteoporosis but still sustaining one of the
fractures of interest, we identified a possible concurrent
fracture cohort. These patients were specified as being
55 years of age or older, having sustained one of the
specified fractures as well as a prescription for a com-
monly known treatment for osteoporosis within
6 months of the fracture diagnosis. These patients were
identified prior to selecting the control group described
below.

A matched sample of randomly selected individuals
without a diagnosis of osteoporosis was used as a
comparison group. The comparison group was required
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to have at least 24 months of continuous enrollment at
some point between January 1, 1997, and December 31,
2001, and was matched to the concurrent-fracture co-
hort at a 3:1 ratio using a hierarchical design. The two
groups were matched on age, gender, geographic region,
and health plan type. If individuals could not be found
who matched all criteria, the criteria were reduced in a
consistent manner: first by age, then by gender, geo-
graphic region, and plan type. Patients with a diagnosis
of malignant neoplasm or carcinoma (ICD-9 140.x–
208.x, 230.x–239.x), with the exception of melanoma
(ICD-9 172.x, 173.x), or Paget’s disease of bone (ICD-9
731.0) at any time during1997–2001 were excluded from
all study populations. Figure 1 is a flow chart of patient
selection.

This study sought to evaluate osteoporosis patients in
all phases of disease progression, from those who were
newly diagnosed to those with chronic disease, as well as
those who had sustained a fracture due to the disease.
The service date of the first observed medical claim with
one of the above osteoporosis-related fracture diagnoses
was assigned as the index date for the concurrent-frac-
ture cohort. Patients were then required to have
12 months of continuous claims data (enrollment in a
health plan) both before and after the index event. For
the cohort without concurrent fracture, the service date

of the first observed medical claim with an osteoporosis
diagnosis after January 1, 1998, was assigned as the in-
dex date. No clean period prior to January 1998 was
required, and therefore, patients in this cohort may have
had a history of osteoporosis prior to their index event.
In this way, we attempted to include patients with a
history of osteoporosis, not only those who were newly
diagnosed with osteoporosis. Again, all qualifying pa-
tients were required to have at least 12 months of con-
tinuous enrollment following and preceding the index
date. Therefore, claims between January 1, 1997, and
December 31, 2001, were analyzed in this study.

Outcomes measures and covariates

The primary objective of this study was to quantify the
economic burden of illness associated with osteoporosis-
related fracture as measured by direct medical expendi-
tures. Annual rates of utilization and expenditures were
categorized by service area (hospitalizations, emergency
department services, outpatient services, outpatient
radiology, and outpatient pharmaceutical prescriptions)
in the year before and year following the index date.
Claims were further categorized as being osteoporosis-
related and non-osteoporosis-related in the two
osteoporosis cohorts. Osteoporosis-related claims were
those with a coded primary diagnosis of osteoporosis.Fig. 1 Patient selection
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Additionally, in the concurrent-fracture cohort, claims
with one of the specified fracture diagnoses used to
classify patients into this cohort also were classified as
being osteoporosis-related. The proportion of patients
using various osteoporosis-related prescription phar-
maceutical agents was assessed. The following agents
were considered to be osteoporosis-related drugs:
alendronate, risedronate sodium, raloxifene, estrogen
and estrogen/progesterone combinations, calcitonin
salmon, and disodium etidronate.

The analysis of expenditures was conducted on the
subset of patients with fee-for-service insurance coverage
during the observation period (83–92% of the study
population). Expenditures for patients with fully or
partially capitated insurance coverage were not incor-
porated because the encounter data for these patients
often contains data only on patient co-payments and not
the amount of physician/facility reimbursements. Inclu-
sion of reported amounts on the encounter data would
have required imputations of payments from the fee-for-
service sample. It should be noted that actual reim-
bursed costs and not provider ‘‘charges’’ were contained
in the database and form the basis for the expenditure
study.

Data were also gathered in the concurrent-fracture
cohort to assess rates of fracture, time between osteo-
porosis diagnosis and initial fracture, time between ini-
tial fracture and a second fracture, and use and timing of
osteoporosis medications. Patients were considered to
have a secondary fracture if they incurred a subsequent
claim of the same fracture type 3 months or more after
the initially observed fracture. For patients with hip
fractures, a claim with a diagnosis for another hip
fracture 6 months or more after the initially observed
hip fracture was counted as a second distinct hip frac-
ture.

Baseline demographic characteristics for the osteo-
porosis and nonosteoporosis cohorts included gender,
age, insurance plan type, Medicare coverage, and geo-
graphic region. Clinical characteristics focused on com-
orbidity assessments. The 25 most frequently diagnosed
comorbidities were identified for each cohort, as well as
a Charlson Comorbidity Index (CCI) score [18].

Statistical analyses

The descriptive analyses provided summary statistics on
utilization of health care services, key demographic and
clinical characteristics for the osteoporosis and nonos-
teoporosis cohorts. Among patients with fee-for-service
insurance coverage, mean annual expenditures for
health care services were calculated by service area for
each of the groups as well as for the subset of service
users (e.g., mean hospital expenditures for patients with
at least one hospitalization). Chi-square and t-tests were
performed for key covariates of interest; the osteopo-
rosis cohort with concurrent fracture was used as the
reference category.

A 12-month expenditure model was estimated. The
dependent variable was annual expenditures in the 12-
month study period. Confounding factors in the model
included presence of fracture, demographic characteris-
tics, geographic location, health plan type, and baseline
health characteristics. Baseline health characteristics in-
cluded the CCI score in the pre-period, other comor-
bidity indicator variables, and variables describing the
presence of osteoporosis-related medications in the
pre-period.

In multivariate estimation, outcomes measures may
need to be transformed because outliers can skew its
distribution. Two-part models in which health care
expenditures represent the outcome measure have been
estimated with log-transformed US dollars as the out-
come or dependent variable [19, 20]. Researchers have
routinely retransformed from log-dollars back to dollars
to assess mean expenditures through the incorporation
of a ‘‘smearing’’ term into the retransformation [21].
Yet, this method is unbiased only if the errors in the
equation are unrelated; the case of homoscedastic errors
across observations is an uncommon situation in health
care expenditures. In our analyses, we have used an
alternative strategy by specifying an exponential condi-
tional mean (ECM) model.

Results

The final sample consisted of 4,130 osteoporosis patients
with concurrent fractures, 56,878 osteoporosis patients
without concurrent fractures, and 12,390 nonosteopo-
rosis (control) patients. Table 1 presents baseline char-
acteristics of the three groups. Patients in the cohort of
osteoporosis patients without concurrent fracture were
younger, more likely to be female, and have capitated
insurance coverage, than patients with concurrent frac-
tures.

Table 2 presents overall health care utilization rates
by cohort during the pre-period and study period.
Prior to fracture, twice as many patients with con-
current fractures had one or more hospitalizations or
ER admissions compared with patients without con-
current fractures and patients in the control cohort
(p<0.001). Patients with concurrent fracture also had
significantly longer lengths of stay while in the hos-
pital and more admissions or ER visits per person.
The two osteoporosis cohorts had similar rates of
outpatient visits, radiology services, and pharmaceu-
tical use in the pre-period. Utilization of all types of
services was significantly lower in the control cohort
as compared to the concurrent-fracture cohort. Be-
tween the pre-period and study period, the percentage
of patients in the concurrent-fracture cohort with an
inpatient event increased by twofold, while the cohort
without concurrent fracture had only a 2% increase in
inpatient utilization. Overall ER events also increased
in the study period for the concurrent-fracture cohort
by about 20%. ER utilization increased only slightly
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in the study period among patients in the other
cohorts.

Overall osteoporosis-related utilization increased for
both osteoporosis cohorts between the pre-period and
study period: almost 50% in the cohort without con-
current fracture and 35% in the concurrent-fracture
cohort (Table 3). In the concurrent-fracture cohort, this
increase was due to increases in inpatient and ER
admissions during the study period which would have
included visits due to fractures of interest (hip/pelvis,
wrist/arm, vertebrae, or pathologic fractures). The in-
crease in the cohort without concurrent fracture was
solely due to claims for an osteoporosis diagnosis and/or
pharmaceutical use. With regard to osteoporosis-specific
services, the concurrent-fracture cohort was significantly
more likely than the cohort without concurrent fracture
to incur an outpatient claim with an osteoporosis diag-
nosis, have osteoporosis-related radiology services, and
fill prescriptions for osteoporosis-related pharmaceutical
agents. However, the percentage of patients in the co-
hort without concurrent fracture incurring an outpatient
osteoporosis-related visit increased 10-fold from the pre-
period to the study period.

An examination of concurrent fracture in osteopo-
rosis patients (Table 4) revealed that only 62% of pa-
tients had a diagnosis of osteoporosis on one or more
health care claims in the year prior to fracture, while
38% sustained their fracture before the associated
osteoporosis diagnosis. Depending on the type of frac-
ture sustained, between 48% and 57% (results not

shown) of these patients had osteoporosis medication
use before they sustained an initial fracture; osteoporosis
medication use increased to between 63% and 78% after
fracture. Hip/pelvis was the most common location for a
fracture in this patient population, followed by patients
sustaining ‘‘multiple fractures,’’ meaning that they had
two or more fractures in different locations on the same
claim. The rate of refracture within the year following
initial fracture was relatively high—ranging from 13%
to 29% depending on initial fracture location.

The distribution of osteoporosis-related medication
use in the pre-period and study period by cohort is
summarized in Fig. 2. Each category of medication is
mutually exclusive: if patients took more than one
osteoporosis-related medication in the time period, they
were included in the multiple medication category.
Multiple drug use could be sequential or concomitant.
In the pre-period, the majority of patients in the cohort
without concurrent fracture who filled prescriptions for
osteoporosis medications used estrogen or estrogen/
progesterone combinations only (58%); among medi-
cation users in the cohort with concurrent fracture there
was more variation in prescription use. The proportion
of individuals using osteoporosis medications was higher
during the study period for all osteoporosis medications
except for those who used estrogen/progesterone only.
Osteoporosis patients with concurrent fracture were
most likely to be using a combination of therapies in the
study period (34% as compared to 25% in the pre-per-
iod). Among those in the concurrent-fracture cohort

Table 1 Demographic characteristics of the osteoporosis and control population

Osteoporosis patients
without concurrent fracture
(N=56,878)

Osteoporosis patients
with concurrent fracture
(N=4,130)

Controla(N=12,390)

N % N % N %

Gender
Male 3,310 5.82% 459 11.11% 1,377 11.11%
Female 53,568** 94.18% 3,671 88.89% 11,013 88.89%

Age group, years
0–17 102 0.18% 14 0.34% 76* 0.61%
18–34 318 0.56% 31 0.75% 66 0.53%
35–44 1,467** 2.58% 60 1.45% 288** 2.32%
45–54 11,148** 19.60% 365 8.84% 1,039 8.39%
55–64 18,626** 32.75% 763 18.47% 2,239 18.07%
65–74 15,178* 26.69% 1,033 25.01% 3,092 24.96%
75–84 8,558** 15.05% 1,328 32.15% 3,996 32.25%
85+ 1,481** 2.60% 536 12.98% 1,594 12.87%

Mean/SD age 63.31** 11.33 70.89 13.01 70.32* 13.73
Insurance Plan Type
Capitated 9,225 16.22% 400 9.69% 957 7.72%

Non-capitated 47,653** 83.78% 3,730 90.31% 11,433** 92.28%
Medicare coverage 26,010** 45.73% 2,894 70.07% 8,169** 65.93%

Geographic region
Northeast 13,803 24.27% 985 23.85% 3,067 24.75%
North central 20,066 35.28% 1,493 36.15% 4,818** 38.89%
South 20,065 35.28% 1,444 34.96% 4312 34.80%
West 2,394 4.21% 181 4.38% 117** 0.94%
Unknown 550* 0.97% 27 0.65% 76 0.61%

aControl group is matched to osteoporosis cohort with concurrent fracture
*p £ 0.05, concurrent fracture cohort as reference group; **p £ 0.01, concurrent fracture cohort as reference group
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having two or more osteoporosis-related medications
during the study period, the following combinations
were most common (data not shown): estrogen or
estrogen/progesterone combinations and alendronate,
27.5%; calcitonin salmon/alendronate, 18.5%; estrogen
or estrogen/progesterone combinations and calcitonin
salmon, 12.4%; raloxifene/alendronate, 8.6%; calcitonin
salmon/estrogen/alendronate, 6.5%; and calcitonin sal-
mon/raloxifene, 6.2%.

Figure 3 presents data on the regression-adjusted
overall and osteoporosis-related expenditures in the pre-
period and study period for the three cohorts. Although
the pre-period osteoporosis-related expenditures were
significantly different, these amounts were similar in
magnitude between the two osteoporosis cohorts (US
$155 in the cohort without concurrent fracture vs $268

in the cohort with concurrent fracture; p<0.01). Study-
period expenditures were more than ten times higher
among the concurrent-fracture cohort compared to the
cohort without fracture ($4,014 versus $446; p<0.01).
Overall health care expenditures in the pre-period were
more similar between the control and cohort without
concurrent fracture, $4,843 and $4,154, respectively;
while the cohort of patients with concurrent fracture had
overall pre-period expenditures that were almost twice
those of the other two groups ($8,314).

Comorbidities appear to play an important role in the
overall health care expenditures attributed to osteopo-
rosis patients. Measures of comorbidity, such as the CCI
score, showed that patients in the cohort with concur-
rent fracture had significantly more comorbidities than
those in the other two cohorts; the CCI score for the
cohort with concurrent fracture was 2.4 times higher
than that for the controls and 1.8 times higher than that

Table 4 Index fracture types and timing of osteoporosis diagnosis in relation to fracture diagnosis

Osteoporosis with concurrent fracture (N=4,130)

Total patients with any
fracture

Fracture before initial
osteoporosis diagnosis

Osteoporosis diagnosis
before initial fracture

N % N % N %

Index fracture type
Hip/pelvis 990 23.97% 339 21.66% 651 25.38%
Arm/wrist 856 20.73% 309 19.74% 547 21.33%
Vertebrae 650 15.74% 248 15.85% 402 15.67%
Any pathologic fracture 831 20.12% 273 17.44% 558 21.75%
Multiple fractures 803 19.44% 396 25.30% 407 15.87%

Total 4,130 1,565 2,565

Fig. 2 Osteoporosis-related medication usage by drug
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for the cohort of osteoporosis patients without concur-
rent fracture (p<0.01 in both cases). In terms of overall
expenditures, only 25% of the concurrent-fracture co-
hort’s overall total health care expenditures were iden-
tified as primarily associated with osteoporosis illness or
fracture as indicated by a primary diagnosis on their
health care claims (Fig. 3) leaving 75% to be accounted
for by other comorbid conditions. Also, 7% of total
expenditures were attributed to osteoporosis in the co-
hort without concurrent fracture, leaving 93% to be
accounted for by other comorbid conditions.

A review of the most commonly reported comorbid-
ities during the pre-period and study period found that
osteoporosis patients with concurrent fracture were
significantly more likely to be diagnosed with pain-re-
lated disorders such as arthralgia, chest pain (related to
respiratory conditions), backache, abdominal pain, and
limb pain than patients without concurrent fracture and
patients without osteoporosis. Figure 4 shows that the
percentage of patients in the concurrent-fracture cohort
diagnosed with these comorbid conditions increased in
the study period as well. Figure 5 compares the top 15
most often diagnosed comorbidities among the group
with concurrent fracture in the study period compared
to the percentage of patients in the other two cohorts
who incurred the same diagnoses. In all cases, a higher
percentage of patients in the osteoporosis group with
fracture incurred the specified conditions even among
regular medical diagnoses such as chest pain (ICD-9-
CM 786.5), unspecified essential hypertension (401.9),
and coronary atherosclerosis (414.0).

The analysis of categorical expenditures revealed that
costs associated with hospitalizations and outpatient
office visits were the primary drivers of differences be-
tween the cohort with concurrent fracture and the two
other groups (data not shown). Among the osteoporosis
cohort with concurrent fracture we also estimated
overall study period expenditures by fracture location
using multivariate analysis. Patients sustaining multiple
fractures (US $23,274) and hip fractures ($19,973) in-
curred the highest annual expenditures of the six fracture
types investigated. Contrary to common belief, patients
with vertebral and pathologic fractures also had large
expenditures: $12,529 and $13,405 annually, respec-
tively. Changes in health care expenditures in the year
prior to fracture and the year after fracture were also
examined. Patients who experienced hip fractures had
expenditures in the year after fracture that were nine
times higher than the year prior to fracture. Expendi-
tures for patients with multiple fractures (claims for
fracture in more than one location on the initial fracture
claim) were seven times higher after the fractures,
expenditures for wrist fracture patients were five times
higher, and expenditures for those with pathologic and
vertebral fracture were twice as high as their pre-period
costs in the year after fracture.

Discussion

Previous literature has commented on the dearth of
empirical studies on the cost of osteoporosis-related
fractures [22, 23, 24], although a recent review of the
literature reflects a growing cascade of new manuscripts.
Recently published studies have examined the cost

Fig. 3 Comparison of pre-period and study period health care
expenditures by group
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associated with osteoporosis-related fractures from a
population perspective in the United States [13, 25, 26,
27], Sweden [24, 28], France [29], and Belgium [30].
Other studies have examined costs associated with
selected fractures such as vertebral fractures and hip
fractures [12, 25, 31, 32, 33, 34].

The unique perspective provided by this retrospective
claims analysis is the focus on the difference in health
care utilization and expenditures of the more severe
group of osteoporosis patients who sustained a verte-
bral, hip, wrist, or pathologic fracture, compared with a
cohort of patients diagnosed with osteoporosis without
evidence of these same types of osteoporosis-related
fractures—as well as to a matched cohort of patients
without osteoporosis.

Patients with osteoporosis-related fractures incurred
twice the expenditures in the year following fracture,
compared with nonfracturing patients diagnosed with
osteoporosis, and nearly three times the expenditures of
patients without osteoporosis. Regression-adjusted an-
nual costs in the year following fracture were US
$14,453 for osteoporosis patients with concurrent frac-
ture, compared with $6,778 and $4,892 in the year fol-
lowing index for osteoporosis patients without
concurrent fracture and the matched cohort of patients
without osteoporosis, respectively. Osteoporosis-related
expenditures were approximately $4,000 per year among
patients with fractures, and just $446 annually for
patients diagnosed with osteoporosis who did not

fracture. With approximately 1.5 million patients in the
United States experiencing osteoporosis-related frac-
tures annually, the burden to the US health care system
to treat these patients for their fractures and other
osteoporosis-related care is estimated to be more than $6
billion using these predicted expenditures. The osteo-
porosis-related costs to treat the approximately 8.5
million osteoporosis patients in the US health care sys-
tem without concurrent fractures were estimated to be
approximately $3.79 billion annually. These national
estimates are slightly lower then those previously re-
ported [25, 26, 34].

Given the dramatic increases in costs for the osteo-
porosis cohort with concurrent fracture in the year after
fracture, some might argue that the differences in cost
among the fracturing and nonfracturing cohorts were
driven by the services related to treating fractures
(osteoporosis-related expenditures). Although this is
likely a primary component of the cost differences in the
study period, expenditures for patients in the fracturing
osteoporosis group were also nearly twice as high as
costs for those in the nonfracturing osteoporosis cohort
and control cohorts during the 12-month pre-period.
Non-osteoporosis-related expenditures comprised most
of the expenditures incurred by the concurrent-fracture
cohort, suggesting that fracture-related expenditures are
only part of the cost story. A body of literature con-
tinues to grow about the association between osteopo-
rosis and other chronic diseases such as diabetes mellitus
and cardiovascular disease [35, 36, 37, 38]. In addition, a
recent study suggests that increased risk of mortality in
patients with vertebral fractures may be more a reflec-
tion of associated comorbidites [39].

Fig. 4 The most common pain-associated comorbidities in osteo-
porosis patients with concurrent fracture. *Statistical comparisons
of the rates in the pre-period and study period showed significant
increases at the p £ 0.01 level
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Another comorbid condition that may have ac-
counted for the increased expenditures in the concur-
rent-fracture group may have been the symptom of pain.
Examining the top 15 comorbidities found in the con-
current-fracture cohort in both the pre-study and study
periods, arthralgia, respiratory chest pain, backache,
and other pain-related diagnoses were among those in
the top ten most frequently reported comorbid condi-
tions. The percentage of patients experiencing each of
these pain-related comorbidities increased significantly
for most diagnoses in the study period (postfracture) as
well (Fig. 4). Figure 5 also shows the differences be-
tween the cohorts in terms of the most often diagnosed
non-osteoporosis-related conditions. Common medical
conditions such as hypertension and coronary athero-
sclerosis appear at a higher rate in the concurrent-frac-
ture group compared with the other two groups.

The use of osteoporosis medications in the concur-
rent-fracture cohort, both prefracture and postfracture
was examined. Approximately 50% of patients with
fractures had used one or more osteoporosis medica-
tions in the year prior to their fracture. Surprisingly, the
proportion of patients with osteoporosis medication use
after fracture increased only to 71% of patients. In part,
the differential in the effect on total expenditures

between the cohorts with and without concurrent frac-
ture may reflect the underutilization of current therapy
[40].

Several limitations of this analysis should be consid-
ered when interpreting the study conclusions. Although
the retrospective data used for this analysis included
information that allowed us to identify patients diag-
nosed with osteoporosis, treatment for fractures, and the
presence of comorbid conditions from the diagnosis
codes in the medical claims, the data did not contain
more detailed clinical information such as bone mineral
density results that would allow us to assess disease
severity more precisely. Therefore, patients may be
misclassified among the osteoporosis study groups,
particularly since a limited number of fractures were
considered as osteoporosis-related; however, the authors
felt that this would lead to a more conservative estimate
of osteoporosis-related health care expenditures and
utilization due to concurrent fractures. It must be
pointed out that some of the increasing costs seen
among the group without concurrent fracture may be
due to other types of fractures not considered in this
study. Additionally, coding of osteoporosis on claims
may not be consistent across physicians. To assess the
rates at which this might be occurring, we identified
older adults (aged greater than 55 years) who had a
claim for a fracture and an osteoporosis-related medi-
cation but no osteoporosis diagnosis code. Four hun-
dred thirty-seven individuals met this criterion. The
results from the analyses of these patients closely mir-
rored that of the concurrent-fracture cohort. Another
limitation to this data is that all patients in the Mar-
ketScan databases used in this study had commercial

Fig. 5 Top 15 comorbidities of patients with osteoporosis with
concurrent fracture, compared with those with osteoporosis
without concurrent fracture and control groups. *The group
without concurrent fracture did not have the diagnosis of
‘‘congestive heart failure, unspecified’’ among its top 15 most
common comorbidities. **The control group did not have the
diagnosis of ‘‘other and unspecified disorder of bone and cartilage’’
among its top 15 comorbidities
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health insurance coverage, and therefore may have
health care experiences and expenditures that differ from
patients with publicly funded insurance only. Also, only
those patients with fee-for-service insurance coverage
were used to estimate economic burden of illness. Al-
though this represented the majority of patients with
osteoporosis, patients with capitated insurance coverage
were slightly younger and had less comorbidity. The
potential for sample selection bias due to these issues
should be investigated in future research.

In summary, this study confirmed findings from
previous research that osteoporosis is a highly prevalent
and costly disease [34, 41, 42]. Specifically, whereas
osteoporosis patients with concurrent fractures repre-
sent just 7% of all osteoporosis patients, they are
responsible for 61% of the costs attributable to the
disease—or roughly US $6 billion a year. Inpatient and
ER expenditures for fracture treatment drive osteopo-
rosis-related expenditures; however, the non-osteopo-
rosis-related expenditures associated with treating
comorbid conditions, particularly in the area of pain,
accounted for 75% of overall health care costs for the
cohort of patients with concurrent fracture. These costs
represent a significant contribution to the overall eco-
nomic burden of treating patients with this condition.
Further research should be conducted to better under-
stand the relationship between the risk of osteoporotic
fractures and other chronic diseases such as diabetes and
cardiovascular disease. In addition, future studies that
better delineate the associated cost of symptomatic pain
in patients identified with severe osteoporosis are nee-
ded.
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