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Abstract

Objectives: To provide a national estimate of the incidence of hospitalizations due to osteoporotic frac-
tures (OFs) in women; compare this with the incidence of myocardial infarction (MI), stroke, and breast
cancer; and assess temporal trends in the incidence and length of hospitalizations.
Patients and Methods: The study included all women 55 years and older at the time of admission,
admitted to a hospital participating in the US Nationwide Inpatient Sample for an outcome of interest. We
performed a retrospective analysis of hospitalizations for OFs (hip, forearm, spine, pelvis, distal femur,
wrist, and humerus), MI, stroke, or breast cancer, using the US Nationwide Inpatient Sample, 2000-2011.
Results: From 2000 to 2011, there were 4.9 million hospitalizations for OF, 2.9 million for MI, 3.0
million for stroke, and 0.7 million for breast cancer. Osteoporotic fractures accounted for more than 40%
of the hospitalizations in these 4 outcomes, with an age-adjusted rate of 1124 admissions per 100,000
person-years. In comparison, MI, stroke, and breast cancer had age-adjusted incidence rates of 668, 687,
and 151 admissions per 100,000 person-years, respectively. The annual total population facility-related
hospital cost was highest for hospitalizations due to OFs ($5.1 billion), followed by MI ($4.3 billion),
stroke ($3.0 billion), and breast cancer ($0.5 billion).
Conclusion: These data provide evidence that in US women 55 years and older, the hospitalization
burden of OFs and population facility-related hospital cost is greater than that of MI, stroke, or breast
cancer. Prioritization of bone health and supporting programs such as fracture liaison services is needed to
reduce this substantial burden.

ª 2015 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2015;90(1):53-62
From Georgetown
University Hospital,
Washington, DC (A.S.);
ICON plc., San Francisco,
CA (A.E., C.C., K.J., J.B.);
Amgen, Thousand Oaks,
CA (L.S., C.M., I.A.); and
Sutter East Bay Medical
Foundation, Berkeley, CA
(R.K.).
O steoporosis is a silent disease but its
impact is not: in the United States,
an estimated 2 million osteoporotic

fractures occur each year, resulting in more
than half a million hospitalizations, more
than 800,000 emergency room encounters,
more than 2,600,000 physician office visits,
and the placement of nearly 180,000 individ-
uals into nursing homes, a situation that most
of the participants in a study compared unfa-
vorably to death.1,2 Despite the staggering clin-
ical and societal impact of fragility fractures,
osteoporosis continues to be underdiagnosed
and undertreated.1 Moreover, osteoporotic
fractures are associated with a decreased qual-
ity of life.3,4 It is estimated that 50% of women
older than 50 years will sustain an osteopo-
rotic fracture,5,6 whereas an estimated 13%
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will be diagnosed with breast cancer in their
lifetime.7

Although the burden of osteoporotic frac-
tures is substantial in terms of morbidity, mor-
tality, and incidence, it is not perceived as an
important health risk by many women, particu-
larly in comparison to other health concerns
including cardiovascular disease and breast can-
cer. Previous studies conducted in the United
States, Canada, and Europe have consistently
found that women tend to underestimate the
risk of osteoporosis, with respect to frequency
relative to other diseases,8,9 seriousness of health
outcomes,10-12 and risk factors, contributing
to increased susceptibility to osteoporotic
fractures.13,14

Characterizing the burden of an illness
with respect to health care resource utilization
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and associated costs plays an important role in
optimal management of constrained resources.
This is particularly true in elderly populations
for which limited health care resources must
be allocated across a number of diseases. The
motivation for this observational study was
to provide an updated description of the US
hospitalization burden associated with osteo-
porotic fractures and other serious diseases
in postmenopausal women. We used a nation-
ally representative data set to characterize the
incidence and temporal trends of US hospital-
izations due to osteoporotic fractures during
the period 2000 to 2011 and compare this
with corresponding results for myocardial
infarction (MI), stroke, and breast cancer. In
addition, we report the resource utilization
burden of hospital lengths of stay and associ-
ated costs for these outcomes.
METHODS

Nationwide Inpatient Sample Data
We used the Nationwide Inpatient Sample
(NIS), produced by the US Agency for Health-
care Research and Quality. The NIS contains
data from all payers describing approximately
8 million inpatient hospitalizations (defined
as an admission to a short-term acute care
facility; emergency roomeonly visits and same-
day surgery center visits are not included) per
year in more than 1000 participating hospitals
in the United States. Included hospitals were
sampled to approximate a 20% stratified sam-
ple of US acute care hospitals. These hospitals
included specialty centers, public hospitals,
and academic medical centers. The hospitals
included in the NIS were drawn from the 46
states participating in the US Agency for
Healthcare Research and Quality Healthcare
Cost and Utilization Project, which comprise
more than 97% of the US population.
Study Population
The initial study population included all US
women aged 55 years and older in the NIS
data from January 1, 2000, to December 31,
2011. Age 55 years was selected as a surrogate
marker for postmenopausal status.15 We then
restricted the population to those with hospi-
talizations for osteoporotic fracture, MI,
stroke, or breast cancer.
Mayo Clin Proc. n January 20
Outcomes
Outcomes of interest included clinical and de-
mographic patient characteristics, incidence,
length of hospital stay, and cost per hospitaliza-
tion for osteoporotic fractures (defined as hip,
forearm, spine, pelvis, distal femur [including
shaft], wrist, and humerus), MI, stroke, and
breast cancer. The International Classification of
Disease, Ninth Revision codes used to define dis-
ease conditions of interest are listed in the
Appendix at the end of this article. Only prin-
cipal diagnosis codes were used to identify these
outcomes. Institutional charges for each hospi-
talization (which include all charges except pro-
fessional fees from providers not directly
employed by the facilities) were collected from
the reporting hospitals. To estimate actual inpa-
tient costs, we used cost-to-charge ratios pro-
vided by the NIS. Cost-to-charge ratios are
commonly used to convert charges from indi-
vidual hospitalizations to a cost of care that in-
cludes a share of the hospitals’ fixed costs.
These cost-to-charge ratios were obtained from
hospital accounting reports collected by the
Centers for Medicare & Medicaid Services. For
2000 and 2011, these hospital-specific cost-to-
charge ratios were not available. However,
most of these hospitals were included in the
2001 or 2010 survey, and we substituted these
ratios for the conversion. Otherwise, we used
the US mean for the 2001 or 2010 ratio. Not
every hospital reported a cost-to-charge ratio,
so some imputations for missing ratios were
necessary. These imputations were based on
the hospital’s urban/rural location, ownership
type, and bed size. The Consumer Price Index
produced by the US Bureau of Labor Statistics
was used to inflate costs throughout the study
period to a common price-year of 2011.16

Statistical Analyses
The period from January 1, 2000, to December
31, 2011, was stratified into the following time
periods: 2000-2003, 2004-2007, and 2008-
2011. Hospitalization incidence during each
time period was calculated and standardized
to the age distribution in the US population of
women 55 years and older. The NIS-provided
sampling weights were used to transform the
observed hospitalizations into projected na-
tional estimates (Figure 1). Confidence intervals
for age-standardized incidences were based on
the normal approximation to the Poisson
15;90(1):53-62 n http://dx.doi.org/10.1016/j.mayocp.2014.09.011
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FIGURE 1. Unadjusted rate of total osteoporotic fracture, myocardial infarction, stroke, and breast cancer
hospitalizations. OF ¼ osteoporotic fracture; MI ¼ myocardial infarction.
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distribution. Confidence intervals for costs and
length of stay were calculated assuming a
normal distribution for the mean, according to
the central limit theorem.

To characterize the relative temporal
changes in osteoporotic fractures hospitaliza-
tion incidence with the other 3 conditions,
time trends were estimated with a generalized
linear model using PROC GENMOD in SAS
9.2. Time was the only independent variable,
the Poisson distribution was specified, and
the log of the population size was used as an
offset variable to incorporate the population
size as a denominator so that any fluctuations
in population size over time would be appro-
priately accounted for when assessing trends
in outcome rates. The time trends were esti-
mated separately for each type of admission,
and for each of the year groupings (2000-
2003, 2004-2007, and 2008-2011). Time
trends were also estimated for length of hospi-
talization, using the same methodology.
RESULTS

Patient and Hospital Characteristics
The osteoporotic fracture population was rela-
tively older, with a mean age of 80.5 years,
Mayo Clin Proc. n January 2015;90(1):53-62 n http://dx.doi.org/10.
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and 60.4% of the admissions for osteoporotic
fractures were in women 80 years and older,
compared with a mean age of 75.9 years and
41.0% of admissions in women 80 years and
older for MI, 77.3 years and 46.9% for stroke,
and 70.0 years and 19.3% for breast cancer
(Table 1).

Across all diseases, in hospitalizations with
race recorded, most of the women were white,
ranging from 76.1% of stroke admissions to
90.1% of osteoporotic fracture admissions.
Black women comprised 8.3% of hospitaliza-
tions for all diseases, ranging from 3.4% of
osteoporotic fracture admissions to 14.3% of
stroke admissions. The percentage of Hispanic
women and those in the combined category of
Asian/Pacific Islander/Native American were
smaller, at 5.7% and 2.4% of hospitalizations
for all 4 diseases, respectively.

Hospital Admissions
During the 12-year study period, there were 4.9
million hospitalizations for osteoporotic fractures
(2.6 million for hip fractures, 70,025 for forearm
fractures, 888,845 for spinal fractures, 407,544
for pelvic fractures, 295,565 for distal femur frac-
tures, 173,925 forwrist fractures, and421,164 for
humerus fractures), 2.9 million for MI, 3.0
1016/j.mayocp.2014.09.011 55
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TABLE 1. Patient Characteristics Observed During 2000-2011 for Osteoporotic Fractures and Other Diseases of Interest inWomen 55 y and Oldera

Characteristic

OFb

(Nobs¼992,021)
(Nproj¼4,863,977)

MI
(Nobs¼588,937)
(Nproj¼2,889,580)

Stroke
(Nobs¼606,763)
(Nproj¼2,973,431)

Breast cancer
(Nobs¼133,017)
(Nproj¼652,052)

Overall
(Nobs¼2,320,738)
(Nproj¼11,379,040)

Age (y), mean � SD 80.5�21.3 75.9�23.6 77.3�23.1 70.0�21.7 77.9�23.2
Age (y), Nproj (%)

55-64 399,091 (8.2) 523,524 (18.1) 440,413 (14.8) 226,090 (34.7) 1,589,119 (14.0)
65-69 305,820 (6.3) 328,512 (11.4) 287,154 (9.7) 106,516 (16.3) 1,028,002 (9.0)
70-74 462,312 (9.5) 388,811 (13.5) 363,453 (12.2) 98,832 (15.2) 1,313,407 (11.5)
75-79 757,299 (15.6) 463,398 (16.0) 487,970 (16.4) 94,570 (14.5) 1,803,238 (15.9)
80þ 2,939,455 (60.4) 1,185,334 (41.0) 1,394,441 (46.9) 126,044 (19.3) 5,645,274 (49.6)

Race,c Nproj (%)
White 3,347,192 (90.1) 1,763,642 (81.4) 1,719,947 (76.1) 399,827 (80.4) 7,230,608 (83.7)
Black 126,477 (3.4) 209,507 (9.7) 323,730 (14.3) 53,807 (10.8) 713,520 (8.3)
Hispanic 172,346 (4.6) 143,023 (6.6) 146,476 (6.5) 30,058 (6.1) 491,904 (5.7)
Asian or Pacific Islander or Native American 70,907 (1.9) 50,615 (2.3) 68,736 (3.0) 13,521 (2.7) 203,779 (2.4)
Other/Unknown/Missingd 288,368 (7.2) 192,089 (8.1) 186,063 (7.6) 39,872 (7.4) 706,392 (7.6)

Urban hospital, Nproj (%) 4,019,471 (82.9) 2,467,037 (85.7) 2,486,913 (84.0) 556,610 (85.7) 9,530,030 (84.1)
Teaching hospital, Nproj (%) 1,718,793 (35.5) 1,199,944 (41.7) 1,182,890 (39.9) 284,413 (43.8) 4,386,040 (38.7)
Geographic region, Nproj (%)

Northeast 950,712 (19.6) 636,597 (22.0) 556,113 (18.7) 142,662 (21.9) 2,286,083 (20.1)
Midwest 1,216,657 (25.0) 681,170 (23.6) 695,193 (23.4) 153,243 (23.5) 2,746,262 (24.1)
South 1,831,535 (37.7) 1,113,474 (38.5) 1,185,145 (39.9) 228,874 (35.1) 4,359,028 (38.3)
West 865,074 (17.8) 458,339 (15.9) 536,981 (18.1) 127,273 (19.5) 1,987,667 (17.5)

Bed size,e Nproj (%)
Small 620,273 (12.8) 320,940 (11.1) 355,715 (12.0) 83,461 (12.9) 1,380,389 (12.2)
Medium 1,256,626 (25.9) 710,511 (24.7) 738,225 (24.9) 158,976 (24.5) 2,864,337 (25.3)
Large 2,969,119 (61.3) 1,848,545 (64.2) 1,867,511 (63.1) 407,264 (62.7) 7,092,439 (62.6)

aNobs ¼ observed number in the NIS; Nproj ¼ total projected number in the United States based on the Nationwide Inpatient Sample weights; OF, osteoporotic fracture.
bOF count does not include patients with major trauma diagnosis or patients receiving a revision or removal of orthopedic hardware.
cPercentage of nonmissing responses, all categories are mutually exclusive.
dPercentage of cases with Other/Unknown/Missing race.
eSmall, medium, and large bed size definitions vary by geographic region, urban/rural, and teaching status.
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million for stroke, and 0.7 million for breast can-
cer. Osteoporotic fractures accounted for more
than 40% of the hospitalizations in these 4 out-
comes combined.Whenwe restricted the analysis
to women 75 years and older, osteoporotic frac-
tures accounted for nearly 50%of the hospitaliza-
tions. The total number of hospitalizations for
osteoporotic fractures increased over the 12-year
study period, whereas these decreased for MI,
stroke, and breast cancer (Table 2). The increase
in the number of hospitalizations was seen for
fractures occurring at all anatomic locations
except the hip.

Hospitalization Rates and Time Trends
The unadjusted rates of osteoporotic fractures,
MI, stroke, and breast cancer hospitalizations
are shown in Figure 1, whereas the age-adjusted
rates are detailed in Table 3. Osteoporotic frac-
tures had the highest rate of hospitalization,
ranging from 1046 to 1211 admissions per
Mayo Clin Proc. n January 20
100,000 person-years from 2000 to 2011
(Table 3).Among the fracture categories, hip frac-
tures had the highest incidence for hospitaliza-
tion, with rates ranging from 538 to 691
admissions per 100,000 person-years. Hospitali-
zation rates for MI and stroke were lower than
those for osteoporotic fractures, with rates from
2000 to 2011 ranging from 534 to 853 admis-
sions per 100,000 person-years for MI and 612
to 820 admissions per 100,000 person-years for
stroke. Incidence rates for hospitalization were
the lowest for breast cancer, ranging from 120
to 201 admissions per 100,000 person-years.

The rate of hospitalizations for all diseases in
this analysis, except nonhip osteoporotic frac-
tures, decreased from 2000 to 2011 (Table 3
and Figure 1). Interestingly, nonhip osteoporotic
fractures increased 1.0% in the 2000-2003
period and 0.2% in the 2004-2007 period
(both statistically significant at the P<.001 level).
Time trends for other diseases of interest were
15;90(1):53-62 n http://dx.doi.org/10.1016/j.mayocp.2014.09.011
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TABLE 2. Total Hospital Admissions During 2000-2011 for Osteoporotic Fractures and Non-Osteoporotic
Fracture Outcomes of Interest in Women 55 y and Oldera,b

Condition

Nproj (%)
c

2000-2003 2004-2007 2008-2011 2000-2011

Total OF 1,565,911 (39.4) 1,628,944 (43.9) 1,669,122 (45.3) 4,863,977 (42.7)
Hip, closed 892,812 (22.4) 856,027 (23.1) 858,070 (23.3) 2,606,909 (22.9)
Nonhip

Forearm 23,193 (0.6) 23,247 (0.6) 23,585 (0.6) 70,025 (0.6)
Spine 255,315 (6.4) 322,625 (8.7) 310,905 (8.4) 888,845 (7.8)
Pelvis 125,484 (3.2) 134,530 (3.6) 147,530 (4) 407,544 (3.6)
Distal femur 94,317 (2.4) 93,883 (2.5) 107,365 (2.9) 295,565 (2.6)
Wrist 51,463 (1.3) 57,856 (1.6) 64,606 (1.8) 173,925 (1.5)
Humerus 123,327 (3.1) 140,776 (3.8) 157,061 (4.3) 421,164 (3.7)

Non-OF
MI 1,103,274 (27.7) 933,544 (25.2) 852,762 (23.1) 2,889,580 (25.4)
Stroke 1,059,861 (26.6) 937,469 (25.3) 976,102 (26.5) 2,973,432 (26.1)
Breast cancer 260,441 (6.5) 200,264 (5.4) 191,347 (5.2) 652052 (5.73)

aMI ¼ myocardial infarction; Nproj ¼ projected total number in the United States based on Nationwide Inpatient Sample weights; OF ¼
osteoporotic fracture.
bOnly the primary diagnosis was used to determine inclusion, patients with a trauma diagnosis, and patients receiving revisions or removal
of orthopedic devices were excluded.
cDenominator for this percentage equals the total osteoporotic fracture, MI, stroke, and breast cancer hospital admissions for women
older than 55 years for each year.

OSTEOPOROTIC FRACTURES AMONG POSTMENOPAUSAL WOMEN
also statistically significant and showed annual
declines of 2.7% or more.

Resource Utilization
The mean length of hospitalization and the
mean total cost of hospitalization, by time
TABLE 3. Age-Standardized Incidence Rates per 100,0
Non-Osteoporotic Fracture Outcomes of Interest in Wom

Condition

2000-2003

Age-
standardized
incidence 95% CI

Age-
standard
inciden

Total OF 1211.2 1207.4-1215.0 1131.
Hip, closed 690.6 687.8-693.3 594.
Nonhip

Forearm 17.9 17.4-18.4 16.
Spine 197.5 195.9-199.0 224.
Pelvis 97.1 96.0-98.1 93.
Distal femur 73.0 72.0-73.9 65.
Wrist 39.8 39.1-40.6 40.
Humerus 95.4 94.3-96.5 97.

Non-OF
MI 853.4 849.9-856.8 648.
Stroke 819.8 816.4-823.1 651.
Breast cancer 201.4 199.7-203.2 139.

aOF ¼ osteoporotic fracture.
bOnly the primary diagnosis was used to determine inclusion, patients w

Mayo Clin Proc. n January 2015;90(1):53-62 n http://dx.doi.org/10.
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period and outcome type, are shown in
Figure 2. Length of hospitalization decreased
over time for hip, nonhip, and other diseases
during all 3 time periods (P<.001). Across all
time periods, the longest hospitalizations were
associated with distal femur fractures, hip
00 Person-Years with 95% CIs During 2000-2011 for Osteoporotic Fracture and
en 55 y and Oldera,b

2004-2007 2008-2011 2000-2011

ized
ce 95% CI

Age-
standardized
incidence 95% CI

Age-
standardized
incidence 95% CI

5 1128.0-1135.0 1045.9 1042.7-1049.1 1123.7 1125.8-1121.7
6 592.2-597.1 537.7 535.5-539.9 602.3 603.7-600.9

2 15.7-16.6 14.8 14.4-15.2 16.2 16.4-15.9
1 222.5-225.7 194.8 193.4-196.2 205.5 206.2-204.5
5 92.5-94.4 92.4 91.5-93.4 94.2 94.7-93.6
2 64.3-66.1 67.3 66.4-68.1 68.3 68.8-67.8
2 39.5-40.9 40.5 39.8-41.2 40.2 40.6-39.8
8 96.7-98.9 98.4 97.4-99.5 97.3 97.9-96.7

5 645.6-651.3 534.4 531.9-536.8 667.6 669.3-665.9
2 648.4-654.0 611.6 609.1-614.2 687.0 688.6-685.3
1 137.8-140.5 119.9 118.7-121.1 150.6 151.5-149.8

ith a trauma diagnosis, and patients receiving revisions or removal of orthopedic devices were excluded.
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FIGURE 2. (A) Average length of stay and (B) costa per hospitalization for osteoporotic fractureb and
other diseases of interest. aCost is estimated by applying a cost-to-charge ratio to the reported charges of
each admission. All costs are inflated to 2011 dollars using the Consumer Price Index. bOnly the primary
diagnosis was used to determine inclusion; patients with a major trauma diagnosis, and patients receiving
revisions or removal of orthopedic devices were excluded.
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fractures, stroke, MI, spinal fractures, and pelvic
fractures, all ranging from a mean of 4.4 to 7.0
days per admission. For most conditions
including hip fracture, MI, and stroke, the
mean length of stay decreased over time. Breast
cancer was associated with the shortest hospital-
ization, ranging from 2.6 to 2.8 days across time
periods.

After adjusting to a common price-year, the
costs associated with hospitalizations increased
Mayo Clin Proc. n January 20
over time, despite a decreasing trend in length
of stay. Hospitalizations for MI tended to be the
most costly, with a mean total of $18,896 per
admission during 2008-2011. Distal femur
fractures and hip fractures were also associated
with relatively high costs per admission,
$18,371 and $15,845, respectively, during
2008-2011. The total population cost for hos-
pitalization per year for the 2000-2011 time
period was $5.1 billion for osteoporotic
15;90(1):53-62 n http://dx.doi.org/10.1016/j.mayocp.2014.09.011
www.mayoclinicproceedings.org
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fractures, $4.3 billion for MI, $3.0 billion for
stroke, and $0.5 billion for breast cancer.

DISCUSSION
In this large US study, we report updated na-
tional estimates of hospitalization rates, length
of stay, and cost of inpatient hospitalizations
associated with osteoporotic fractures, MI,
stroke, and breast cancer in women 55 years
and older. We found that hospitalization rates
were highest for osteoporosis fractures fol-
lowed by stroke and MI.

There is limited information in the litera-
ture to compare our hospitalization rates with
those obtained from other US data sources.
Our 2004-2007 hospitalization rates of hip
fracture (595 per 100,000) were lower than
the 2006 rate (917 per 100,000) reported using
data from the National Hospital Discharge Sur-
vey (NHDS).17 This was expected because hip
fracture incidence increases dramatically with
age18 and our postmenopausal population
was younger (55 years and older women)
than the population in the NHDS study, which
included women 65 years and older. Our age-
adjusted 2004-2007 hospitalization rates of
MI (648 per 100,000) and stroke (651 per
100,000) in women 55 years or older are higher
than the age-adjusted hospitalization rates re-
ported in younger populations using the
NHDS data. These studies report approxi-
mately 180 hospitalizations for MI per
100,000 in women older than 25 years in
2003-200519 and 223 hospitalizations for
stroke per 100,000 women of any age in
2004.20

Similar to our study, a study assessing the
comparative burden of hospitalization in a
Swiss health care system from 2000 to 2008
reported the age-adjusted incidence of hospi-
talizations associated with osteoporotic frac-
ture to be greater than that for breast cancer,
chronic obstructive pulmonary disease, MI,
or stroke.21 Of note, a similar pattern was
observed in the incidence of disease in the
United States. The 2010 American Association
of Clinical Endocrinologists Postmenopausal
Osteoporosis Guidelines, using data from
different sources, reported that US women
had more osteoporotic fractures than new
strokes, heart attacks, or invasive breast cancer
combined during the 2004-2006 period.22 In
addition, the annualized age-adjusted rates of
Mayo Clin Proc. n January 2015;90(1):53-62 n http://dx.doi.org/10.
www.mayoclinicproceedings.org
total fractures were higher than those of inva-
sive breast cancer, stroke, and cardiovascular
disease in white, Hispanic, American Indian,
and Asian/Pacific Islander 50- to 79-year-old
women enrolled from 1993 to 1998 in the
Women’s Health Initiative Observational
Study.23 In black women, however, the rate of
cardiovascular disease was higher than that of
total fracture.23

Across most of the conditions considered in
this study, hospitalization rates were generally
found to be decreasing over time, consistent
with documented trends in the United States
of a shift in health care utilization from inpa-
tient to ambulatory care and a general decrease
in both hospitalization rates and length of
stay.24-27 Even though the hospitalization inci-
dence rate for major osteoporotic fractures
decreased during the study period, the absolute
number of hospital admissions increased from
2000 to 2011, mostly because of an increase
in nonhip fractures. The Swiss study also re-
ported an increase in the absolute numbers of
hospitalizations for nonhip fractures and a
decrease in both the number of hip fractures
and breast cancer hospitalizations.21 However,
we did not see the increase in absolute numbers
of cardiovascular events that was reported in
Switzerland; this may be due to their broader
definition of cardiovascular events than ours.
The decreased number of hospitalizations for
MI and stroke we describe is supported by re-
ports of decreased hospitalizations for MI in
the Medicare fee-for-service population
(2002-2007)25 and for stroke in the NHDS
sample population (1997-2004).20

Throughout the study period, the longest
and most expensive hospitalizations were
associated with hip fracture, distal femur
fracture, MI, and stroke. Although the total
cost per hospital admission was highest for
MI, total projected cost across all hospitali-
zations in the US population is more than
40% greater for osteoporotic fractures than
for MI, attributable to the higher hospitaliza-
tion rate for osteoporotic fractures. It should
be emphasized that the intent of this anal-
ysis was not to quantify or compare the
overall cost of disease. This study focused
on hospitalization, the largest contributor
to health resource utilization, to compare
the relative burden across severe diseases
experienced by older women. The full cost
1016/j.mayocp.2014.09.011 59
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burden of illness for osteoporotic fracture is
higher than that reported here because we
evaluated only inpatient hospital costs. For
example, although our analysis found the
mean total inpatient cost of hip fracture per
admission to be $15,845, other studies have
shown the mean health care costs (including
inpatient, outpatient, and pharmacy) associ-
ated with fracture during the first year to be
between $25,332 and $38,662.28,29 Concur-
rently, the annual total fracture costs across
all fracture types for US women are projected
to be more than 18 billion in 2025.2 These
numbers are significant and further highlight
the need for increased focus on prevention of
fractures and their associated resource utiliza-
tion. We acknowledge that the full cost burden
of illness for the comparator diseases consid-
ered in this analysis might also be higher
than that reported here; however, most of
these diseases tend to be treated more
frequently in the inpatient setting.

A few limitations of this study should be
considered. The number of hospitalizations re-
ported is accurate; however, NIS data do not
include a patient identifier and multiple hos-
pitalizations in the same individual could not
be identified. This could result in overestima-
tion of the number of unique individuals
experiencing hospitalizations. To minimize
this in our osteoporotic fracture population,
we excluded fracture admissions associated
with fracture complication codes (see the
Appendix). It is also possible that we under-
counted events occurring simultaneously by
using only the principal diagnostic code. In
addition, breast cancer and nonhip osteopo-
rotic fractures are more likely than MI or
stroke to be treated in outpatient and emer-
gency room settings. The multinational
Global Longitudinal Study of Osteoporosis
in Women30 as well as US-only studies31,32

have reported hospitalizations in the range
of more than 90% of hip, 60% of spine to
40% of nonhip, nonspine fractures. Mortality
data after hospital discharge are not available
in the NIS data. Therefore, we report the hos-
pitalization burden, not the overall disease
burden, for these conditions. Wrist and fore-
arm fractures were included as separate sub-
categories of nonhip osteoporotic fractures,
as defined in the Appendix. A limitation of
the subcategory-specific reported results is
Mayo Clin Proc. n January 20
the potential for misclassification across wrist
vs forearm fractures. Throughout the follow-
up period, we found a higher ratio of wrist
fractures per forearm fracture, a finding that
has also been reported in other US studies.33,34

This study has significant strengths, partic-
ularly its use of a nationally representative
sample of the US population of women 55
years and older. Data were available through
2011, providing a contemporary characteriza-
tion of burden of hospitalization for the popu-
lation of older women in the United States.

This study provides evidence that in US
women 55 years and older, the hospitalization
burden of osteoporotic fractures, as estimated
by the number of hospitalizations and corre-
sponding facility-related hospital cost, is
greater than that of other serious diseases
(MI, stroke, and breast cancer). These results
highlight the substantial benefit that could be
realized by improving both primary and sec-
ondary prevention of fractures in high-risk in-
dividuals. The goal of primary prevention is to
prevent an initial fracture in individuals at
high risk for osteoporotic fracture. Individuals
at high risk can be identified by virtue of risk
factors, bone mineral density testing, and ab-
solute fracture risk assessment tools. Approxi-
mately 50% of hip fractures are preceded by
an osteoporotic fracture at another skeletal
site,35 and by responding to the first fracture
with secondary prevention strategies, such as
fracture liaison service programs, the likeli-
hood of a second fracture can be substantially
reduced.36-38 Given the evidence-based suc-
cess of primary and secondary prevention,
the need for greater emphasis on preventive
care to reduce the burden of fractures is crit-
ical.39-46 The substantial burden of fractures
described in this study underscore the magni-
tude of humanistic and economic benefits that
could be realized through prioritizing both
primary and secondary prevention of osteopo-
rotic fractures.

Abbreviations and Acronyms: MI = myocardial infarction;
NIS = Nationwide Inpatient Sample; NHDS = National
Hospital Discharge Survey

Grant Support: Funding for this study was provided by
Amgen, Inc.

Correspondence: Address to Alex Exuzides, PhD, ICON
plc., 456 Montgomery St, Ste 2200, San Francisco, CA
94104 (Alex.Exuzides@ICONplc.com).
15;90(1):53-62 n http://dx.doi.org/10.1016/j.mayocp.2014.09.011
www.mayoclinicproceedings.org

mailto:Alex.Exuzides@ICONplc.com
http://dx.doi.org/10.1016/j.mayocp.2014.09.011
http://www.mayoclinicproceedings.org


Osteoporotic Fractures: One of the Following ICD-9 Codes as the First (principal) Diagnosisa

Category Description ICD-9b

Hip Hip, closed 820.0 820.2 820.8 733.14
Nonhip Radius/ulna-other (forearm) 813.0 813.2 813.8

Spine, closed or pathologic 805.0 805.2 805.4 805.8 733.13
Pelvis, closed 808.0 808.2 808.4 808.8
Distal femur shaft or distal femur (closed) 821.0 821.2 733.15
Distal radius/ulna (wrist) 813.4 813.5 733.12
Humerus, closed 812.0 812.2 812.4 733.11

With none of the following E-codes (in any position)

Description E-Codec

Auto and other transportation accidents E800-E848
Accidental falls, other than falls on stairs and slips and falls on same level E881-E884
Accidents due to cataclysmic storms and earth surface movements E908-E909
Other accidents (including falling objects, machinery, explosions, and unspecified) E916-E928

With none of these codes (indicating readmission) in any position

Description ICD-9

Revision of hip replacement, acetabular component 00.71
Revision of hip replacement, not otherwise specified 81.53
Removal of implanted devices from bone 78.6
Malunion of fracture 733.81
Nonunion of fracture 733.82

Other serious diseases: One of the following ICD-9 codes as the first (principal) diagnosis

Description ICD-9d

MI 410
Stroke 430 431 433.x1 434.x1 436
Breast cancer 174

aICD-9 ¼ International Classification of Diseases, Ninth Revision.
bFor ICD-9 codes with 4 digits, any principal diagnosis starting with the 4 digits listed is considered a match.
cAny E-code starting with the 3 digits listed will cause the admission to be excluded.
dFor ICD-9 codes with 3 digits, any principal diagnosis starting with the 3 digits listed is considered a match. For 433.x1 and 434.x1, a
principal diagnosis starting with 433 or 434 and ending with 1 as the fifth digit is considered a match.

APPENDIX: CODES FOR PATIENT SELECTIONdICD-9 CODES AND E-CODES USED BY
DISEASE
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