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Abstract
Summary The study examined long-term direct and indirect economic burden of osteoporotic fractures among postmenopausal
women. Healthcare costs among fracture patients were substantial in first year after fracture and remained higher than fracture-free
controls for 5 years which highlight needs for early detection of high-risk patients and continued management for osteoporosis.
Introduction This study compared direct and indirect healthcare costs between postmenopausal women and demographicallymatched
controls in the 5 years after incident non-traumatic fracture, and by fracture type in commercially insured and Medicare populations.
Methods Two hundred twenty-six thousand one hundred ninety women (91,925 aged 50–64 years; 134,265 aged ≥ 65 years)
with incident non-traumatic fracture (hip, vertebral, and non-hip non-vertebral (NHNV)) from 2008 to 2017 were identified.
Patients with fracture were directly matched (1:1) to non-fracture controls based on demographic characteristics. Direct
healthcare costs were assessed using general linear models, adjusting for baseline costs, comorbidities, osteoporosis diagnosis,
and treatment. Indirect costs associated with work loss due to absenteeism and short-term disability (STD) were assessed among
commercially insured patients. Costs were standardized to 2018 US dollars.
Results Osteoporosis diagnosis and treatment rates prior to fracture were low. Patients with fracture incurred higher direct costs across
5-year post-index compared with non-fracture controls, regardless of fracture type or insurance. For commercially insured hip fracture
patients, the mean adjusted incremental direct healthcare costs in years 1, 3, and 5 were $59,327, $6885, and $3241, respectively.
Incremental costs were lower, but trends were similar for vertebral and NHNV fracture types and Medicare-insured patients.
Commercially insured patients with fracture had higher unadjusted indirect costs due to absenteeism and STD in year 1 and higher
adjusted indirect costs due to STD at year 1 (incremental cost $5848, $2748, and $2596 for hip, vertebral, and NHNV fracture).
Conclusions A considerable and sustained economic burden after a non-traumatic fracture underscores the need for early patient
identification and continued management.
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Introduction

Increased life expectancy and the aging of the baby boomer
generation has resulted in a steady increase in the population
of people aged 65 and older in the United States (US) [1]. As
this population increases, so does the societal burden of med-
ical conditions more prevalent in older adults, such as non-
traumatic fractures [2, 3]. Non-traumatic fractures are com-
monly associated with osteoporosis, or low bone mass in pa-
tients with osteopenic femoral or spine bone mineral density
(BMD), particularly when other risk factors are present [4, 5].
They are fractures that occur during routine daily activities or
from a low-energy injury such as a fall from standing height.
Moreover, non-traumatic fractures also impact the working
population, as half of all women over the age of 50 are
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reported to have osteoporosis or low bone mass, and many
will have a non-traumatic fracture during their lifetime [6].

A report from the National Osteoporosis Foundation esti-
mated 441.7 new non-traumatic fractures per 10,000
Medicare beneficiaries in 2015 [7]. The leading sites for
non-traumatic fractures are the hip and vertebra, but these only
account for 31 to 40% of all non-traumatic fractures [8, 9].
Women are more likely to experience a non-traumatic fracture
than men [2, 7], and this disparity increases with age [10].
Other risk factors for fracture include increasing age, lower
BMD T-score, a history of fracture, and a history of falls [11,
12]. Conditions andmedications associatedwith reduced bone
density or an increased risk of falling, such as impaired mo-
bility, poor self-assessed health, low body mass index, and
dementia, have also been associated with increased fracture
risk [11–13].

Among postmenopausal women, non-traumatic fractures
are a leading source of healthcare burden, and in 2011, hospi-
talization costs alone were estimated to be $5.1 billion in the
US [3]. Estimates of the US national expenditure on non-
traumatic fractures range from $12.9 to $16.9 billion annually
[2, 14], and Burge et al. projected that shifting demographics
will drive direct spending on non-traumatic fractures up to
$25.2 billion by 2025 [2]. In addition, non-traumatic fractures
are associated with a loss of independence and reduced phys-
ical and mental quality of life [15, 16], which was linked to a
decrease in workplace productivity and an increase in
healthcare costs [17]. For women with hip and vertebral frac-
tures, these reductions in quality-of-life can persist for many
years post-fracture [18, 19].

The immediate high costs of non-traumatic fractures have
been documented [2, 14, 20–24]; however, their findings
reflected healthcare costs more than a decade ago. The only
recent publication documenting short-term costs came from
the 2019 Milliman Report, which captured costs only among
Medicare patients [7]. Even less is known about the long-term
effects on healthcare costs beyond 1-year post-fracture and
among working-aged women in a commercial health plan.
The objective of this study was to assess the 5-year direct
and indirect healthcare costs of non-traumatic fracture among
women age 50 years and older in commercial and Medicare
US populations. Costs were analyzed among commercially
and Medicare-insured patients for three fracture types (hip,
vertebral, non-hip, non-vertebral (NHNV)).

Methods

Study design and data source

This observational retrospective cohort analysis utilized de-
identified US administrative claims data from the IBM
MarketScan Commercial Claims and Encounters database

(Commercial), the MarketScan Medicare Supplemental and
Coordination of Benefits database (Medicare), and the
MarketScan Health and Productivity Management Database
for the period from January 1, 2007, through December 31,
2017. The commercial and Medicare databases capture the
inpatient medical, outpatient medical, and outpatient prescrip-
tion drug data for their respective covered populations, and
form a convenience sample of 155 million commercially in-
sured employees and approximately 10.6 million Medicare
enrollees.

The Health and Productivity Management database con-
tains workplace absence, short-term disability (STD), and
long-term disability data for a subset of employer clients that
contribute data to the Commercial Database.

All database records are statistically de-identified and cer-
tified to be fully compliant with US patient confidentiality
requirements set forth in the Health Insurance Portability
and Accountability Act of 1996. Because this study used only
de-identified patient records and did not involve the collec-
tion, use, or transmittal of individually identifiable data, this
study was exempted from Institutional Review Board approv-
al. All study data were obtained using International
Classification of Diseases, Ninth and Tenth Revision,
Clinical Modification (ICD-9-CM and ICD-10-CM) codes,
Current Procedural Terminology 4th edition codes,
Healthcare Common Procedure Coding System codes, and
National Drug Codes.

Patient selection and cohort assignment

Using a method previously described by Bonafede et al. [12],
patients with either (1) a primary or secondary diagnosis in-
dicative of closed or pathologic hip, vertebral, or NHNV frac-
ture on an inpatient claim, or (2) an outpatient claim with a
diagnosis of closed or pathologic hip, vertebral, or NHNV
fracture and a corresponding fracture treatment procedure for
the same fracture site between January 1, 2008 and December
31, 2016, were identified. The earliest observed claim for a
fracture was the index date.

Patients without evidence of fracture between January 1,
2008 and December 31, 2016, were eligible for inclusion in
the control cohort. The index date of controls was assigned by
identifying patients without a fracture event and randomly
matching them with replacement to the pool of patients with
a fracture event who had the same year of birth. Controls then
were assigned the index date of their matched fracture patient.

To be included in the study, all patients were required to be
female, at least 50 years old on the index date, and have at
least 12 months of continuous enrollment with medical and
pharmacy benefits before and after the index date. Patients
were followed through the earliest of the following: 60-
month post-index, end of continuous enrollment, or end of
the study period (December 31, 2017). Patients with evidence
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of closed or pathological fracture at any time during continu-
ous follow-up were excluded, as were patients with any of the
following during the pre-index period: (1) indication of major
trauma such as falls from a ladder, (2) transport accidents, or
other causes that may imply traumatic fracture within ± 7 days
of the index fracture, (3) Paget’s disease of the bone and other
osteitis deformans and osteopathies, (4) osteogenesis
imperfecta, (5) hypercalcemia, (6) cancers (excluding non-
melanoma skin cancer), or (7) human immunodeficiency
virus.

Fracture patients were stratified into three groups (hip, ver-
tebral, or NHNV (defined as radius and ulna, humerus, tibia
and fibula, ankle, pelvis, and clavicle)) based on the location
of the index fracture. Patients with multiple fractures on their
index date were assigned to one of the three fracture groups
using the following hierarchical order: hip > vertebral >
NHNV fracture. Patients with fractures were directly matched,
using that same hierarchical order, to controls based on age at
index, geographic region, insurance plan type, payer (com-
mercial orMedicare), and total months of follow-up. For com-
mercial patients, age was matched 1:1; whereas, for Medicare
patients, age was matched 1:1 for ages 65 to 84 years, then in
5-year increments for ages 85 to 99 years, and then a single
group for those aged 100 years and above.Matched pairs were
grouped into five non-exclusive cohorts based on the duration
of follow-up: ≥ 12 months, ≥ 24 months, ≥ 36 months, ≥
48 months, and ≥ 60 months. The same method of 1:1 direct
matching was used to match the subset of commercially in-
sured fracture patients with workplace absenteeism or STD
eligibility to controls with similar work-loss coverage.
Matched pairs with absenteeism eligibility during the 5-year
follow-up and those with STD eligibility during the 5-year
follow-up were identified.

Patient characteristics

Patient demographics were measured on the index date and
included age, geographic region, insurance plan type, and
payer. Baseline clinical characteristics were measured during
the 12-month pre-index period and included Deyo-Charlson
Comorbidity Index (CCI) [25], diagnosis of osteoporosis or
low bone mass, diagnosis of select conditions associated with
an increased risk of fracture (chronic obstructive pulmonary
disease (COPD), heart disease, multiple sclerosis, osteoarthri-
tis, and Parkinson’s disease), and utilization of osteoporosis-
related medications (oral and injectable bisphosphonates, cal-
citonin, denosumab, raloxifene, and teriparatide).

Healthcare utilization and costs

All-cause healthcare utilization and costs were measured dur-
ing the pre- and post-index periods. Components of healthcare
utilization and costs included inpatient admissions,

emergency room (ER) visits, outpatient services and visits
(such as outpatient office visits, skilled nursing facility
(SNF) services, and other outpatient services), and outpatient
pharmacy claims. All costs were adjusted for inflation using
the medical care component of the Consumer Price Index and
standardized to 2018 US dollars [26].

Indirect costs

Indirect costs from work loss due to absenteeism and STD
were assessed among employed commercially insured pa-
tients linked to the MarketScan Health and Productivity
Database. Patient eligibility was established independently
for each outcome. For example, a patient only needed to have
absenteeism coverage to be included in the absenteeism anal-
ysis. The number of days lost due to workplace absenteeism
and STD was measured during the 5-year follow-up period.
The minimum cohort size for data reporting was set at 30
patients. The sample size of the hip fracture cohort with ab-
senteeism eligibility from year 2 to 5 post-index was less than
30 patients; thus, their results were not reported. The reason
for work absence or STD is not recorded on the claim; there-
fore, these can be absences for any cause.

Indirect costs of absenteeism were calculated by multiply-
ing the number of days absent during the follow-up period
with the estimated daily age-, sex-, and region-specific wage
based on the 2017 Current Population Survey conducted by
the Bureau of Labor Statistics [27]. Indirect costs of STDwere
calculated by multiplying the number of days lost due to STD
with 70% of the daily BLS wage to reflect the fact that the
typical STD program benefit compensates for approximately
70% of an employee’s pay and benefits [28, 29].

Statistical analysis

Mean and standard deviation (SD) were reported for continu-
ous variables, and statistical significance was determined
using Student’s t tests. Frequencies and percentages were re-
ported for categorical variables, and statistical significance
was determined using chi-squared tests.

Multivariable analysis was used to examine the difference
in annual total direct costs for each of the 5 years and indirect
costs due to STD for the first year between fracture patients
and controls following the index date while controlling for
baseline costs and patient demographic and clinical character-
istics. Costs differences were estimated using generalized lin-
ear regression models employing a log link and gamma error
distribution. Separate models were constructed for Medicare
and commercial patients and for hip, vertebral, and NHNV
fracture patients, and for patients eligible for STD. The main
explanatory variable of interest was the presence of a fracture.
Each model adjusted for age, geographic region, insurance
plan type, DCCI, baseline total healthcare costs, baseline
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comorbid conditions (osteoporosis, COPD, heart disease,
multiple sclerosis, osteoarthritis, and Parkinson’s disease),
and baseline osteoporosis-related medication utilization.

A p value of < 0.05 was set a priori as the threshold for
statistical significance. Direct matching, descriptive analysis,
and multivariable analyses were conducted using WPS ver-
sion 4.1 (World Programming, UK).

Results

Of the 2,229,665 patients with a fracture between January 1,
2008 and December 31, 2016, 228,316 (10.2%) met all the
inclusion and exclusion criteria (Fig. 1). Of these, 226,190
(99.1%) could be directly matched to control patients without
a fracture event based on age, geographic region, insurance
payer, insurance plan type, and duration of follow-up. Among
the matched commercially insured patients were 5329 (5.8%)
hip fracture patients, 16,550 (18.0%) vertebral fracture pa-
tients, and 70,046 (76.2%) NHNV fracture patients with at
least 1 year of continuous follow-up. Among the matched
Medicare-insured patients were 44,008 (32.8%) hip fracture
patients, 43.175 (32.2%) vertebral fracture patients, and
47,082 (35.1%) NHNV fracture patients with at least 1 year
of continuous follow-up (Table 1).

On average, the hip fracture patients were older than ver-
tebral patients who were older than NHNV fracture patients
though this trend was more distinct in the Medicare-insured
cohort than in the commercially insured cohort (Table 1). All
comorbid conditions of interests were more common among
fracture patients than comparison patients regardless of frac-
ture type or insurance payer except for among commercially
insured NHNV fracture patients whose incidence of
Parkinson’s disease and use of bisphosphonates use was sim-
ilar to comparison patients. Fracture patients were more likely
to have a pre-index diagnosis of osteoporosis or low bone
mass than controls; however, even in the older patient cohort
(aged 65 or older), fewer than 12% of any cohort had a pre-
index osteoporosis diagnosis and 21–31% of patients had
osteoporosis-related medication prior to their index fracture.

Total all-cause healthcare costs for patients with a non-
traumatic fracture were significantly higher than matched con-
trols regardless of the year of follow-up, fracture type, or in-
surance payer (all p < 0.001; Fig. 2 and Supplementary
Table 1). In the commercially insured cohort, mean unadjust-
ed year 1 costs were $75,505 higher for hip fracture patients,
$38,649 higher for vertebral fracture patients, and $17,306
higher for NHNV fracture patients compared to controls. In
the Medicare-insured cohort, mean unadjusted year 1 costs
were $49,486 higher for hip fracture patients, $26,561 higher
for vertebral fracture patients, and $22,965 higher for NHNV
fracture patients compared to controls. The cost difference
between matched hip, vertebral, and NHNV fracture patients

and controls decreased from year 1 to year 5 but remained
significant.

The excess costs in fracture patients were driven by higher
inpatient utilizations and costs. Among commercially insured
patients, 93.5% with hip fracture, 33.3% with vertebral frac-
ture, and 24.6%with NVNH fracture had at least one inpatient
admission in the year 1 post-index year compared to 5.4%,
5.4%, and 5.6% of matched controls, respectively (Table 2).
Whereas, among Medicare-insured patients, 90.2% with hip
fracture, 50.9% with vertebral fracture, and 51.5% with
NVNH fracture had at least one inpatient admission in the
index year compared to 19.6%, 18.4%, and 17.0% of matched
controls, respectively (Table 2). In year 1, inpatient admission
costs comprised 63.4% ($54,772) of total costs for commer-
cially insured patients with hip fracture and 50.5% ($32,719)
of total costs for Medicare-insured patients with hip fracture
compared to 21.2% ($1918) and 29.5% ($4172) for their re-
spective control cohorts. For other cohorts, inpatient admis-
sions in year 1 comprised 34.6 to 47.6% of costs for fracture
patients and 19.8 to 29.5% of costs for controls. The utiliza-
tion of inpatient services remained higher for fracture patients
than controls during the long-term follow-up period
(Supplementary Table 2).

In Medicare patients, skilled nursing facility utilization and
costs were much higher in fracture patients than controls
throughout the follow-up time. The percentage of Medicare-
insured hip, vertebral, and NHNV fracture patients with at
least one visit to a SNF in year 1 was 67.7%, 28.9%, and
32.1%, respectively, compared to 14.2%, 11.9%, and 10.0%
of matched controls (Table 2).

Among year 1, outpatient pharmacy costs comprised only
7.5% ($6297) of $86,427 total costs for commercially insured
patients with hip fracture and only 5.9% ($3731) of $64,846
total costs for Medicare-insured patients with hip fracture. For
vertebral and NHNV fracture cohorts, outpatient prescriptions
in year 1 comprised 10.4 to 12.0% of costs for fracture patients
and 20.9 to 23.5% of costs for controls. Among those with at
least one outpatient prescriptions, only 10.4–27.5% of com-
mercially insured fracture patients and 22.5–39.9% of
Medicare-insured fracture patients had at least one
osteoporosis-related medication (Table 2).

After adjusting for differences in demographic charac-
teristics, clinical characteristics, and baseline healthcare
costs, the difference in mean (95% CI) total healthcare
costs between patients with hip fracture and matched con-
t ro l s in the f i r s t yea r pos t - index was $59 ,327
($56,496–$62,159) for commercially insured patients and
$45,754 ($45,112–$46,397) for Medicare-insured patients
(Fig. 3). The difference in healthcare costs between pa-
tients with hip fracture and controls decreased substantially
from year 1 to year 2 and gradually between year 2 and
year 5 but remained significantly elevated for the full
follow-up period. Trends were similar for patients with
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commercial insurance and those with vertebral and NHNV
fractures (Supplementary Fig. 1).

The number of days lost due to workplace absenteeism in
year 1 was significantly higher among commercially insured
patients with fracture thanmatched controls regardless of frac-
ture type (all p < 0.05) (Supplementary Table 3). Patients with
hip fractures had 20 more days lost due to absenteeism com-
pared to controls. Patients with vertebral and NHVN fracture
respectively had 13.2 and 12.0 more absentee days than con-
trols. Subsequently, patients with hip, vertebral, or NHNV
fracture-incurred higher indirect costs due to workplace

absenteeism, with the incremental costs ranging from $2511
to $4305. STD days and indirect costs due to STD in year 1
were significantly higher among patients with fracture than
matched controls (all p < 0.001). The STD days were
43.1 days higher for patients with hip fracture, 20.9 days for
vertebral fracture, and 18.9 days for NHNV fracture in year 1.
The indirect costs due to STD were $6208 higher for patients
with hip fracture, $3092 with vertebral fracture, $2773 with
NHNV fracture than their control counterparts. After
adjusting for covariates, patients with fracture had consistently
higher adjusted mean (95% CI) indirect costs due to STD

Patients with evidence1 of a closed or 

pathologic fracture between January 1, 2008 

and December 31, 2016. The date of the first 

fracture claim will be the index date.

Fracture Patients 

N=2,229,665

and following (follow-up period) the index date

AND no claims with a diagnosis of closed or pathological fracture in the pre-index period or claims with a 

diagnosis of major trauma within ±7 days of the index date

Patients with no evidence of closed or 

pathologic fracture between January 1, 2008 

and December 31, 2016. 

Controls

N=340,668,098

AND female

Fracture Patients

N=1,174,870

Controls

N=186,820,952

2

Fracture Patients 

N=671,128

Controls

N=17,632,274

Fracture Patients 

N=277,376

Controls

N=2,892,178

Fracture Patients 

N=255,067

Controls

N=2,885,488

AND no evidence of Paget’s disease of the bone, other osteitis deformans and osteopathies, osteogenesis 

imperfecta, hypercalcemia, metastatic cancer, human immunodeficiency virus in the pre-index period

Fracture Patients 

N=228,316

Controls3

N=2,681,087

AND with Medicare insuranceAND with commercial insurance

Fracture Patients 

N=92,163

Controls

N=1,923,703

Fracture Patients 

N=136,153

Controls

N= 757,384

1:1 direct matching based on age at index, geographic region of residence, insurance payer, insurance plan 

type, and total months of follow-up.

Commercial matched pairs 

N=91,925 

Medicare matched pairs 

N=134,265

Matched Hip Fracture Pairs 

N=5,329

Matched Vertebral  Fracture Pairs 

N=16,550

Matched NHNV Fracture Pairs 

N=70,046

Matched Hip Fracture Pairs 

N=44,008

Matched Vertebral  Fracture Pairs 

N=43,175

Matched NHNV Fracture Pairs 

N=47,082

Fig. 1 Patient selection. 1At least
one primary or secondary
diagnosis indicative of closed or
pathologic fracture on an inpatient
claim OR a non-diagnostic out-
patient claim which carries a di-
agnosis of non-traumatic fracture
along with the corresponding
fracture treatment procedures for
the same fracture site. 2Control
patients were assigned index
dates by pairing them to a ran-
domly selected fracture patient
(with replacement) based on in-
surance type and year of birth and
then assigning the control patient
the index date of the fracture pa-
tient. 3To ensure control, patients
were excluded if they had a closed
or pathological fracture at any
time during the observation peri-
od; an additional 11,943 control
patients were excluded because
they had a fracture between
December 31, 2016 and
December 31, 2017
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( incrementa l cos t $5848 [$4854–$6841] , $2748
[$2290–$3206], and $2596 [$2425–$2765] for hip, vertebral,
and NHNV fracture, respectively) compared with controls
during year 1 post-index. The adjusted costs due to STD dur-
ing year 2 to 5 post-index were not significantly different
between fracture patients and controls with the exception of
patients with vertebral fracture incurring higher costs during
year 3 ($679 [$148–$1210], p = 0.012) and year 4 ($449
[$17–$880], p = 0.041).

Discussion

This retrospective US claims analysis of women over 50 years
of age found that non-traumatic fractures have a significant
and sustained effect on healthcare costs. Over a 5-year post-
fracture follow-up period, total all-cause healthcare costs were
significantly higher for patients with a non-traumatic fracture
than matched controls regardless of fracture location or insur-
ance payer even after adjusting for the difference in baseline

characteristics and costs. The incremental cost of fracture was
highest in year 1 and, among patients with hip fracture, which
was driven by high utilization of inpatient services. The use of
skilled nursing facilities was higher among fracture patients
than matched controls and, among Medicare-insured fracture
patients, comprised 12.2–22.9% of total healthcare costs.
Despite the considerable and sustained costs of fracture, less
than a quarter of patients were diagnosed with osteoporosis or
received osteoporosis-related treatment prior to their non-
traumatic fracture. Even after non-traumatic fractures, only
10.4–27.5% of commercially insured fracture patients and
22.5–39.9% of Medicare-insured fracture patients received
osteoporosis-related treatment.

These findings are consistent with the existing literature on
the initial costs of non-traumatic fractures. A study of osteo-
porosis patients with a fracture event between 1997 and 2001,
found that patients with fracture spent over twice that as pa-
tients with osteoporosis but without a fracture (US $15,942 vs
$6476) and nearly three times that of the age- and sex-
matched control group ($4658) [14]. The 2019 Milliman
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Fig. 2 Total healthcare costs
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Medicare-insured patients with
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Report found the direct medical costs in year 1 following a
new osteoporotic fracture were $21,844 among Medicare fee-
for-service beneficiaries, with hip fracture incurring the
highest costs (US $47,377) [6]. In a prior analysis of the
MarketScan Databases, Shi et al. estimated the costs of hip,
vertebral, and NHNV fractures to be $26,545, $14,977, and
$9183 for commercially insured patients and $15,196, $6701,
and $6106 for Medicare-insured patients in the first year

following fracture (2006 USD) [20]. A more recent study of
patients in a managed care population estimated the unadjust-
ed 1-year healthcare costs of patients with hip, vertebral, and
NHNV fractures to be $35,898, $23,634, and $12,918 for
commercially insured patients and $32,919, $18,117, and
$13,769 for Medicare-insured patients (2016 USD) [22].
The higher costs among commercially insured patients across
these studies compared to Medicare-insured patients may be

Table 2 All-cause total, inpatient, skilled nursing facility (SNF), and outpatient (OP) prescription utilization and costs in the first year following
fracture

Commercial Medicare

Fracture patients Controls Fracture patients Controls

Hip fracture cohort N = 5329 N = 5329 N = 44,008 N = 44,008

Total healthcare costs, US$ (mean, SD) $86,427 ($107,474) $9057 ($20,716)** $64,846 ($66,818) $14,137 ($28,987)**

Patients with an inpatient admission (N, %) 4983 (93.5) 290 (5.4)** 39,687 (90.2) 8619 (19.6)**

Admissions per patient (mean, SD) 1.6 (1.3) 0.1 (0.4)** 1.3 (0.9) 0.2 (0.6)**

Hospitalization days (mean, SD) 5.2 (5.2) 0.2 (1.1)** 5.2 (6.1) 0.9 (3.0)**

Inpatient costs (mean, SD) $54,772 ($77,960) $1918 ($14,516)** $32,719 ($46,710) $4172 ($17,754)**

Patients with a SNF visit (N, %) 1370 (25.7) 23 (0.4)** 29,772 (67.7) 6265 (14.2)**

SNF costs (Mean, SD) $3510 ($10,743) $47 ($1524)** $14,869 ($22,119) $1309 ($7200)**

Patients with an OP prescription (N, %) 5199 (97.6) 4672 (87.7)** 42,166 (95.8) 39,584 (89.9)**

OP prescription costs (Mean, SD) $6453 ($12,921) $2199 ($4789)** $3823 ($6109) $2901 ($3991)**

Patients with an osteo-related medications (N, %)1 1464 (27.5) 509 (9.6)** 11,552 (26.2) 7042 (16.0)**

Vertebral fracture cohort N = 16,550 N = 16,550 N = 43,175 N = 43,175

Total healthcare costs (mean, SD) $49,165 ($95,332) $9561 ($24,098)** $41,445 ($63,625) $14,229 ($33,212)**

Patients with an inpatient admission (N, %) 5510 (33.3) 901 (5.4)** 21,962 (50.9) 7947 (18.4)**

Admissions per patient (mean, SD) 0.6 (1.1) 0.1 (0.3)** 0.7 (0.9) 0.2 (0.5)**

Hospitalization days (mean, SD) 1.8 (4.4) 0.2 (1.4)** 2.7 (5.1) 0.9 (3.4)**

Inpatient costs (mean, SD) $23,388 ($74,501) $1892 ($13,773)** $15,541 ($38,706) $4214 ($22,428)**

Patients with a SNF visit (N, %) 734 (4.4) 60 (0.4)** 12,471 (28.9) 5152 (11.9)**

SNF costs (mean, SD) $638 ($5172) $28 ($906)** $5059 ($14,262) $1070 ($6250)**

Patients with an OP prescription (N, %) 16,035 (96.9) 14,599 (88.2)** 41,849 (96.9) 39,077 (90.5)**

OP prescription costs (mean, SD) $5776 ($13,001) $2234 ($5968)** $4870 ($8602) $2967 ($4356)**

Patients with an osteo-related medications (N, %)1 4432 (26.8) 1364 (8.2)** 17,228 (39.9) 6952 (16.1)**

NHNV fracture cohort N = 70,046 N = 70,046 N = 47,082 N = 47,082

Total healthcare costs (mean, SD) $27,282 ($47,949) $9549 ($25,818)** $37,805 ($57,341) $14,273 ($32,898)**

Patients with an inpatient admission (N, %) 17,214 (24.6) 3896 (5.6)** 24,262 (51.5) 8026 (17.0)**

Admissions per patient (mean, SD) 0.3 (0.7) 0.1 (0.3)** 0.7 (0.8) 0.2 (0.5)**

Hospitalization days (mean, SD) 1.0 (3.2) 0.2 (1.4)** 2.5 (4.6) 0.8 (2.7)**

Inpatient costs (mean, SD) $9428 ($33,853) $2016 ($15,196)** $14,170 ($36,267) $3971 ($17,952)**

Patients with a SNF visit (N, %) 2387 (3.4) 284 (0.4)** 15,097 (32.1) 4709 (10.0)**

SNF costs (mean, SD) $441 ($3767) $26 ($723)** $6550 ($16,165) $964 ($6074)

Patients with an OP prescription (N, %) 66,626 (95.1) 61,344 (87.6)** 45,148 (95.9) 42,828 (91.0)**

OP prescription costs (mean, SD) $3282 ($10,417) $2243 ($6699)** $3930 ($6642) $3003 ($4780)**

Patients with an osteo-related medications (N, %)1 7267 (10.4) 5532 (7.9)** 10,585 (22.5) 7461 (15.8)**

**p < 0.001
1 Includes oral and injectable bisphosphonates (alendronate, ibandronate, risedronate, zoledronic acid), calcitonin, denosumab, raloxifene, and
teriparatide
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due to the lower reimbursement rates by Medicare. Hospital
readmission and transfer to a skilled nursing facility are cov-
ered by the payment from the first admission in Medicare but
are paid in full by commercial providers [20]. Because pay-
ment is not required from the Medicare supplemental side,
which is our data source in MarketScan Medicare Database,
no claim for services is incurred. Although the costs are
underestimated in Medicare, the findings accurately reflected
the costs to employers and health plans for Medicare patients.

Our findings on the indirect costs of non-traumatic fracture
are supported by prior studies [30, 31]. A study of long bone
fractures in working-age adults reported that, depending on
fracture site and number, the incremental indirect cost of ab-
senteeism ranged from $950 to $2600, and the incremental
cost of STD ranged from $2050 to $4600 (2008 USD) [30].
An analysis of patients with osteoporosis and non-vertebral
fractures (includes hip and NHNV) by Pike et al. found that
fracture patients were nearly three times as likely to receive
disability benefits (18.0% vs 6.5%, p < 0.05), and their mean
disability period was twice as long as controls (16.0 vs
6.5 days, p < 0.05) [31]. Pike et al. also reported that the in-
cremental cost due to absenteeism was $1875 for patients with
NHNV fractures (2006 USD).

Hip fractures are among the most expensive fracture sites
due to the high utilization of inpatient and skilled nursing

facility services [2, 20, 32]. Over the past 3 decades, post-
surgery care for hip fractures has been shifting from the inpa-
tient setting to that of skilled nursing facilities. An analysis of
Medicare claims found that while the median duration of hos-
pitalization for hip fracture decreased from 12 to 5 days be-
tween 1988 and 2005, the percentage of patients being
discharged into a skilled nursing facility increased from 34
to 54% over the same time frame [33].

In 2010, there were an estimated 53.6 million Americans
over the age of 50 years with osteoporosis or low bone mass,
with the number expected to grow by 33% by 2030 [34].
Despite being a leading modifiable risk factor for non-
traumatic fractures and a chronic condition requiring contin-
ued treatment, osteoporosis and low bone mass are
underdiagnosed and undertreated, which was also observed
in our study [35–37]. The acute and sustained impact on
healthcare costs observed in this study should be considered
when evaluating pharmaceutical and non-pharmaceutical in-
terventions to reduce non-traumatic fractures.

The primary limitation of this study is that it excludes the
20–30% of patients with hip fracture who die within 1 year [7,
33]. This study was designed to examine the long-term costs
of non-traumatic fracture, but the initial acute costs for patients
who die from their fracture may be substantial and not
accounted for in this analysis due to the minimum 1-year
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Fig. 3 Adjusted difference in
total healthcare costs between
patients with hip fracture and their
matched controls with a
commercial or b Medicare
insurance. 1Adjusted for
demographics, clinical
characteristics, and baseline
health care costs
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follow-up. In addition, we do not capture what portion of
patient attrition in subsequent years is due to mortality rather
than other causes and cannot determine if there was excess
mortality between the fracture and non-fracture patients.

Non-traumatic fractures were identified by the location of
the fracture, the type of fracture, and the exclusion of patients
with codes indicating major trauma. This approach may result
in the inclusion of patients with fractures due to moderate
trauma and miss patients whose fractures do not come to clin-
ical attention. The latter is particularly a problem for vertebral
fractures as these often go undiagnosed but may contribute to
pain, disability, and costs [38]. In addition, our study did not
differentiate patients with or without subsequent fractures or
patients with multiple fractures on this index date, which may
impact the long-term economic burden of fracture and identi-
fication of the subgroup most likely to benefit from additional
intervention [39]. This study used data from patients with
commercial insurance and Medicare supplemental insurance,
and the findings may not be generalizable to the uninsured or
those with other insurance. Finally, although we used multi-
variable analysis to control for baseline differences in cohorts,
there are several factors that may influence fracture costs that
are not captured in administrative claims and, therefore, could
not be controlled for. In particular, the results of bone mineral
density testing is not available in claims data and could not be
incorporated into our analysis. The presence of osteoporosis
and low bone mass was captured using ICD-9-CM and ICD-
10-CM diagnosis codes, and likely underestimates the preva-
lence of these conditions as they are undercoded in claims data
and underdiagnosed in clinical practice [7, 37, 40].

Conclusion

The cost difference between matched hip, vertebral, and
NHNV fracture and comparison patients was largest during
the year 1 post-index period and remained substantial during
the year 2 to year 5 post-index. Total unadjusted and adjusted
cost differences were highest for hip fracture patients com-
pared to vertebral and NHNV fracture patients. Indirect costs
due to workplace absenteeism and STDwere markedly higher
among the fracture patients relative to comparison patients.
The study findings highlight the sustained economic burden
of non-traumatic fractures in the short-term (1 year) and long-
term (2–5-year post-fracture), and underscored the need for
early patient identification and continued management.
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