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Abstract

Summary This retrospective analysis of hip fracture patients
with and without muscle atrophy/weakness (MAW) re-
vealed that those with MAW had significantly higher
healthcare utilization and costs compared with hip fracture
patients without MAW.

Purpose Examine the demographics, clinical characteris-
tics, and healthcare resource utilization and costs of hip
fracture patients with and without MAW.

Methods Using a large US claims database, individuals who
were newly hospitalized for hip fracture between 1 Jan 2006
and 30 September 2009 were identified. Patients aged 50—
64 years with commercial insurance (Commercial) or 65+
years with Medicare supplemental insurance (Medicare)
were included. The first hospitalization for hip fracture
was defined as the index stay. Patients were categorized into
three cohorts: patients with medical claims associated with
MAW over the 12 months before the index stay (pre-MAW),
patients whose first MAW claim occurred during or over the
12 months after the index stay (post-MAW), and patients
without any MAW claim (no-MAW). Multivariate regres-
sions were performed to assess the association between
MAW and healthcare costs over the 12-month post-index
period, as well as the probability of re-hospitalization.
Results There were 26,122 Medicare (pre-MAW, 839; post-
MAW, 2,761; no-MAW, 22,522) and 5,100 Commercial (pre-
MAW, 132; post-MAW, 394; no-MAW, 4,574) hip fracture
patients included in this study. Controlling for cross-cohort
differences, both the pre-MAW and post-MAW cohorts had
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significantly higher total healthcare costs (Medicare, $7,308
and $18,753 higher; Commercial, $18,679 and $25,495 higher)
than the no-MAW cohort (all p<0.05) over the 12-month post-
index period. The post-MAW cohort in both populations was
also more likely to have any all-cause or fracture-related re-
hospitalization during the 12-month post-index period.
Conclusions Among US patients with hip fractures, those
with MAW had higher healthcare utilization and costs than
patients without MAW.

Keywords Hip fracture - Muscle atrophy/weakness -
Healthcare utilization - Costs

Introduction

As one of the most serious consequences of falls in the
elderly population [1], hip fractures can lead to substantial
mobility limitations, morbidity, loss of independence, and
mortality [2—4]. The lifetime risk of hip fracture is 17.5 %
for women and 6 % for men [5], while the annual number of
hospitalizations due to hip fracture is approximately
300,000 [6]. The lifetime cost of treating hip fractures in
the United States has been estimated to be $20 billion [3].
Research has shown that 18 % of women and 32 % of men
die within the first year of hip fracture [2].

Treatment for hip fracture varies according to the patient
health profile and injury type [7]. Hip fractures are treated
nonsurgically if the fracture is considered sufficiently stable
or if the patient is too ill to undergo surgery; otherwise,
patients usually receive internal fixation, partial hip replace-
ment (hemiarthroplasty), or total hip replacement (total hip
arthroplasty) [7, 8]. To return to community living after
hospitalization for acute treatment, patients typically require
multidisciplinary rehabilitation [8]. Patients with hip frac-
tures may require post-acute rehabilitation services provided
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through home healthcare programs, skilled nursing facilities
(SNF), inpatient rehabilitation facilities, or some combina-
tion of these resources [8].

One consequence of hip fractures is that the associated
reduction in mobility may result in muscle atrophy/weakness
(MAW). For example, research has shown that, in the absence
of any voluntary contractions, muscle strength can decrease
by as much as 5 % per day [9]. Such deficits in muscle
strength have been associated with poor recovery in mobility
[10] and poor physical functioning [11] among post hip frac-
ture patients. Muscle atrophy has also been found to persist for
up to 2 years after hip arthroplasty [12].

Although previous research conducted among hip
fracture patients has shown that individuals with MAW
have poorer physical functioning [10, 11], no previous
attempt has been made to quantify the differences in
resource use or costs between hip fracture patients with
and without MAW. The purpose of this study was to
examine the differences in patient characteristics, treat-
ment patterns, healthcare resource use, and costs among
individuals hospitalized for hip fracture who had no
diagnosis of MAW and those who had a diagnosis of
MAW before or after their hip fracture. We hypothesize
that patients with MAW would have significantly higher
healthcare utilization and costs when compared with hip
fracture patients without MAW.

Methods

Data for this study came from the Thomson Reuters
Marketscan® Commercial Claims and Encounter
(Commercial) Database and the Medicare Supplemental Insur-
ance (Medicare) Databases. These retrospective claims databases
are fully compliant with the Health Insurance Portability and
Accountability Act privacy requirements and capture person-

specific healthcare use, expenditures, and enrollment across
inpatient, outpatient, and prescription drug services. The Com-
mercial database includes large employers, health plans, govern-
ment organizations, and public organizations and covers
approximately 100 payers and more than 500 million claims
records. The Medicare database contains information on Medi-
care beneficiaries who are age 65 years or older and who have
employer-sponsored supplemental insurance. The databases link
paid claims and encounter data to detailed patient information
across sites and types of providers over time. Data records
examined for this study spanned the time period from 1 January
2005 through 30 September 2010.

For inclusion in this study, a patient was required to have
an inpatient stay with an accompanying diagnosis of hip
fracture between 1 January 2006 and 30 September 2009,
with the admission date of the first such inpatient stay
denoted as the index date. Patients who received a prior
diagnosis of a hip fracture over the time period from 1 year
through 7 days before the index date were excluded from the
analysis. Patients in the Commercial database were required
to be 5064 years old at the index date, while those in the
Medicare database were required to be at least 65 years old
as of the index date. Finally, patients were required to have
continuous insurance coverage over the time period from
1 year before the index date (the pre-period) through 1 year
after the discharge of index hospital stay (the post-period).

Individuals in the Commercial and Medicare databases
were analyzed separately. This separation was due to differ-
ences among the elderly and non-elderly hip fracture
populations, as well as differences between the Commercial
and Medicare insurance. Each of these two populations was
then subdivided into three distinct cohorts: those with no
diagnosis of MAW (no-MAW) from the pre-period to the
post-period, those diagnosed with MAW before the index
date (pre-MAW), and those diagnosed with MAW during or
after the index hospital stay (post-MAW). Table 1 provides

Table 1 ICD-9 codes for hip

fracture and muscle atrophy/ Condition/ICD-9 code

Description

weakness
Hip fracture

820.xx
733.14

MAW
335.1x
335.21

359.xx
728.2x

728.87

Fracture of neck of femur

Other disorders of bone and cartilage; pathologic fracture;
pathologic fracture of neck of femur

Anterior horn cell disease; spinal muscular atrophy

Anterior horn cell disease; motor neuron disease; progressive
muscular atrophy

Muscular dystrophies and other myopathies

Disorders of muscle, ligament, and fascia; muscular wasting
and disuse atrophy, not elsewhere classified

Disorders of muscle ligament and fascia; other disorders of
muscle, ligament, and fascia; muscle weakness (generalized)

@ Springer



Arch Osteoporos (2013) 8:127

Page 3 of 10, 127

the ICD-9 codes and description for codes used to identify
both hip fractures and MAW.

The analysis compared patient characteristics, healthcare
resource use, and costs of the no-MAW, pre-MAW, and
post-MAW cohorts. The patient characteristics included
age, sex, region of residence, type of insurance coverage,
and comorbid conditions (i.e., osteoarthritis, osteoporosis,
rheumatoid arthritis). Overall general health was approxi-
mated using the modified Charlson Comorbidity Index
(CCI) [13] which measures 23 different categories of
comorbidities and creates a score that is used to predict
costs. The patterns of treatment associated with the index
hospitalization included length and cost of inpatient stay and
discharge status (e.g., home, SNF). Resource use variables
included hospitalizations, physician office visits, outpatient
hospital visits, emergency room (ER) visits, and the use of a
SNF, an inpatient rehabilitation facility, home health care,
physical therapy, or occupational therapy. Costs were calcu-
lated as total direct medical costs and subdivided into inpa-
tient, outpatient, and pharmacy costs. All costs were
adjusted to 2011 US dollars using the medical care compo-
nent of the Consumer Price Index [14].

Unadjusted differences between groups were compared
with chi-square statistics used for categorical variables (e.g.,
gender, region of residence, health plan type, comorbidities,
discharge status of index stay, and proportion with resource
use), Student’s rtests for age, and non-parametric Wilcoxon
rank-sum tests for other continuous variables (e.g., CCI,
length of index hospital stay, healthcare resource utilization
including total hospital days, number of physician office
visits, outpatient hospital visits, ER visits, and healthcare
costs in the pre- and post-periods).

Multivariate generalized linear regression models with
log-link and gamma distribution were used to assess the
association between MAW and health care costs, controlling
for age, gender, region of residence, health plan type, co-
morbid medical conditions, CCI, pre-period resource use
(any hospitalization, ER, or outpatient hospital visit), and
discharge status from the index hospitalization. To better
interpret results derived from the generalized linear models,
the marginal difference in healthcare costs for pre-MAW and
post-MAW cohorts when compared with the no-MAW co-
hort were estimated by computing the expected instanta-
neous change of mean healthcare costs as a function of a
change in the MAW cohort variables while keeping all the
other covariates constant [15].

When 10 % or more of the populations have zero costs,
two-part models were performed to estimate the adjusted
differences on healthcare costs associated with MAW [16].
In the first part, the probability of utilizing the service of
interest is estimated while the second part estimates costs
among those who utilized the service. The adjusted differ-
ence on healthcare costs between the pre-MAW or post-

MAW cohort and the no-MAW cohort were calculated the
same way as in the generalized linear regression model, and
a 95 % confidence interval (CI) was estimated using the 2.5
and 97.5 percentile of the 1,000 estimated marginal differ-
ence estimates by bootstrapping the two-part model with
1,000 iterations [17].

In addition, the impact of MAW on any all-cause or
fracture-related hospitalization in the post-period was exam-
ined via logistic regressions controlling for cross-cohort
differences in age, gender, region of residence, health plan
type, CCI, comorbidities, discharge status from the index
hospitalization, and pre-period healthcare utilization (any
hospitalization, ER, or outpatient hospital visit). Odds ratio
as well as the 95 % CI were reported. All analyses were
performed using SAS version 9.1, and P values<0.05 were
considered, a priori, to be statistically significant.

Results

This study included 5,100 patients aged 50—64 years in the
Commercial population and 26,122 patients aged 65 years
and above in the Medicare population (Table 2). Of these
individuals, 2.6 % of the Commercial population was diag-
nosed with MAW before their hip fracture (pre-MAW) and
7.7 % were diagnosed with MAW during or after their hip
fracture (post-MAW). MAW was found to be more preva-
lent in the Medicare population, with 3.2 % of individuals in
the pre-MAW and 10.7 % in the post-MAW cohorts, respec-
tively. In the Medicare population, pre- and post-MAW co-
horts were significantly older and more likely to reside in
the South. Patients in the Commercial population were most
commonly insured via a preferred provider organization,
while those in the Medicare population most commonly
had comprehensive insurance. In both the Commercial and
Medicare populations, the pre- and post-MAW cohorts had
significantly higher CCI scores and a significantly longer
stay for the index hip fracture hospitalization. Furthermore,
the pre- and post-MAW cohorts in the Medicare population
and the post-MAW cohort in the Commercial population
had significantly higher costs for their index hospitalization.
In the Commercial population, patients in all cohorts were
most frequently discharged to home followed by SNF. In
contrast, patients in the Medicare population had different
distribution of discharge status based upon MAW status.
Specifically, patients in the no-MAW cohort were most
frequently discharged to home, while those with pre- or
post-MAW were most commonly discharged to a SNF,
followed by home and a short-term hospital.

Table 3 summarizes the healthcare utilization over the 12-
month pre- and post-periods. For both insurance populations
(Commercial and Medicare), patients in the MAW (pre- or
post-) cohorts had significantly more total hospital days and
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Table 2 Patient characteristics

Commercial (n=5,100)

Medicare (n=26,122)

Pre-MAW Post-MAW No-MAW Pre-MAW Post-MAW No-MAW
N (% of population) 132 (2.6 %) 394 (7.7 %) 4,574 (89.7) 839 (3.2 %) 2,761 (10.6 %) 22,522 (86.2 %)
Demographics
Age, mean [SD] 58.5 [3.9] 58.4 [4.0] 58.3 [3.9] 83.1* [6.7] 83.5% [6.7] 82.1 [7.0]
Gender (%) *
Male 29.6 % 36.0 % 38.6 % 26.0 % 28.4 % 271 %
Female 70.5 % 64.0 % 61.4 % 74.0 % 71.6 % 72.9 %
Region (%) * *
Northeast 7.6 % 6.1 % 9.1 % 10.1 % 10.0 % 11.7 %
Midwest 27.3 % 30.7 % 28.0 % 37.0 % 38.7 % 36.0 %
South 523 % 49.0 % 46.4 % 37.5% 34.8 % 31.5%
West 129 % 142 % 159 % 14.1 % 155 % 19.8 %
Unknown 0% 0 % 0.6 % 1.3 % 1.1 % 1.1 %
Health plan type (%) * *
PPO 65.9 % 64.5 % 59.3 % 28.6 % 25.1 % 24.8 %
Comprehensive 10.6 % 11.7 % 12.8 % 652 % 67.7 % 65.9 %
HMO 7.6 % 122 % 13.4 % 1.0 % 0.7 % 0.8 %
Other 152 % 9.6 % 12.7 % 3.0 % 4.7 % 6.9 %
Missing 0.8 % 2.0 % 1.7 % 23 % 1.8 % 1.6 %
Pre-period comorbidities
CCI, mean [SD] 8.0%[5.7] 4.9%[4.7] 4.2[4.4] 7.3*%[4.7] 5.6%[4.4] 5.0[4.2]
Osteoarthritis (%) 34.8 %* 25.6 % 22.6 % 31.9 %* 23.8 %* 21.3 %
Osteoporosis (%) 31.8 %* 20.8 % 19.1 % 28.5 %* 19.2 %* 17.1 %
Rheumatoid arthritis (%) 53 % 5.6 % 4.6 % 2.9 % 2.7% 2.8 %
Index hospitalization
Length of stay, 7.0* [6.2] 8.0% [7.7] 6.3 [6.4] 6.8* [7.7] 6.3* [5.6] 5.9 [5.3]
mean [SD]
Inpatient stay cost, $27,450 $39,941%* $30,706 $19,386* $21,056* $19,299
mean [SD] [$21,535] [$68,770] [$37,545] [$16,884] [$24,607] [$20,789]
Discharge status (%) * * * *
Home 40.2 % 513 % 62.3 % 25.5 % 23.7 % 36.0 %
Skilled nursing facility 242 % 17.0 % 12.4 % 32.8 % 34.1 % 273 %
Inpatient rehabilitation 10.6 % 11.2 % 8.8 % 8.8 % 93 % 10.4 %
facility
Short-term hospital 6.8 % 71 % 4.6 % 23.0 % 23.4 % 17.1 %
Other facility 3.8 % 3.8 % 32% 2.5% 35% 23 %
Other alive status 14.0 % 9.6 % 8.9 % 7.4 % 6.1 % 7.0 %

*P<0.05 compared with no-MAW cohort

SD standard deviation, PPO preferred provider organization, HMO health maintenance organization, CC/ Charlson comorbidity index

outpatient hospital visits in both the pre- and post-periods.
In addition, patients in the pre-MAW and post-MAW co-
horts were more likely to have used a SNF, to have had a
home health visit, or to have had occupational therapy in the
post-period relative to the no-MAW patients. Over 60 % of
the Commercial patients used physical therapy, 23—45 %
had a SNF stay, and 12—19 % had an inpatient rehabilitation
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stay over the 12-month post-period. In comparison, 62—
83 % of the Medicare patients stayed at a SNF, 22-37 %
had a physical therapy visit, and only 2-3 % had an inpa-
tient rehabilitation stay.

The unadjusted healthcare costs in the pre- and post-
periods for each cohort were summarized in Figs. 1 and 2.
Both the pre-MAW and post-MAW cohorts generally had
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Table 3 Healthcare resource utilization over the 12 months pre- and post-periods

Commercial Medicare
Pre-MAW n= Post-MAW n= No-MAW n= Pre-MAW  Post-MAW  No-MAW
132 394 4,574 n=839 n=2,761 n=22,522
Pre-period
% Hospital stay 59.9* 25.6% 20.8 52.2% 25.1* 21.2
Total hospital days, mean [SD] 3.5%[9.2] 0.8* [3.5] 0.6 [2.8] 6.3* [14.7] 2.1*[7.3] 1.41[5.0]
% Physician office visits 98.5% 94.2 92.7 97.5% 95.1 94.9
No. of physician office visits, mean [SD]  28.7* [19.8] 18.3* [15.3] 16.8 [14.1] 22.0%[17.2] 15.2*[14.7] 13.8[13.3]
% Outpatient hospital visits 96.2% 75.4 74.7 92.5% 78.6* 73.3
No. of outpatient hospital visits, mean [SD] 10.1* [14.6] 4.9%[6.9] 4.4 [5.8] 8.0% [12.5] 4.4*[7.0] 3.8[8.4]
% Emergency room visits 62.9% 343 30.0 61.5% 40.6% 31.6
No. of emergency room visits, mean [SD]  0.5% [1.1] 0.4 [1.2] 0.3 [1.0] 1.5%[2.1]  0.8*[1.3] 0.6 [1.3]
Post-period
% Hospital stay 53.0% 44.4%* 29.7 35.9% 41.4% 27.9
Total hospital days, mean [SD] 9.4% [17.4] 9.2% [20.8] 3.6 [11.5] 4.7% [14.2] 6.1* [19.6] 2.9 [10.8]
% Physician office visits 97.7 99.8 98.9 97.7 98.0%* 97.3
No. of office visits, mean [SD] 33.3* [29.5] 29.3* [21.5] 23.1[19.2] 22.0 [18.0] 24.4*[20.3] 20.7[17.2]
% Outpatient hospital visits 89.4% 92.1* 82.5 87.3* 88.1* 79.3
No. of outpatient hospital visits, mean [SD] 16.3* [21.6] 11.6* [17.7] 8.8 [13.7] 8.4* [18.3] 7.8*[12.3] 5.3[9.7]
% Emergency room visits 47.0%* 35.5% 29.1 49.1%* 52.3% 353
No. of emergency room visits, mean [SD] 1.6* [4.3] 0.8* [1.9] 0.7 [2.2] 1.1* [1.8] 1.3%[2.0] 0.7 [L.5]
% Skilled nursing facility stay 44.7% 37.6* 22.7 77.4* 82.9* 62.2
% Inpatient rehabilitation stay 12.9 19.3* 11.7 2.5 3.4% 2.1
% Home health visit 8.3* 7.4% 35 6.8% 5.4% 3.8
% Physical therapy 60.6 78.7* 60.7 30.3% 37.1% 223
% Occupational therapy 29.6* 36.6* 19.1 19.6* 23.3% 9.7

*P<0.05 compared with no-MAW cohort
SD standard deviation

higher costs than the no-MAW patients. In the Commercial
population, pre-MAW and post-MAW patients had signifi-
cantly higher total costs ($96,387 and $35,079 versus $
24,564; both p<0.05) than those in the no-MAW cohort in
the pre-period with the largest share of costs contributed by
inpatient setting; patients in the pre-MAW cohort ($91,643)
and post-MAW cohort ($69,202) had higher total costs
compared with no-MAW cohort ($39,296; both p<0.05) in
the post-period. In general, costs increased in the 12-month
post-hip fracture index hospital stay compared with the
12 months prior among those in the Commercial population,
although total costs remained the same for those in the pre-
MAW cohort ($91,634 versus $96,387, p=0.728 [data not
shown]). For patients in the Medicare population, pre- and
post-MAW cohorts had significantly higher pre- and post-
period total costs, with the largest share of costs being
outpatient costs. Total costs increased for all three cohorts
in the Medicare population when comparing the pre-period
to the post-period, with the biggest cost increase in the post-
MAW cohort ($16,397 versus $48,589).

The impact of MAW on direct healthcare costs control-
ling for cross-cohort differences is presented in Fig. 3.
Among the Commercial patients, those in the pre- and
post-MAW cohorts had significantly higher marginal total
costs than the no-MAW patients (cost difference, $18,679
pre-MAW and $25,496 post-MAW; both p<0.05). Similar
to results from the Commercial patients, the Medicare pa-
tients in the pre- and post-MAW cohorts had significantly
higher total marginal costs than the no-MAW patients
($7,308 pre-MAW, $18,753 post-MAW; p<0.05). However,
most of these cost differences were from the outpatient costs
(85,783 pre-MAW, $13,301 post-MAW; both p<0.05).

Table 4 presents factors associated with re-hospitalization
in the year after the initial hospitalization for hip fracture. In
general, a diagnosis of MAW was associated with a signif-
icantly higher likelihood of being hospitalized. Specifically,
the likelihood of being hospitalized for any cause for Com-
mercial patients in the post-MAW cohort was 1.76 (95 % CI,
1.42-2.20) times as high as that for no-MAW patients, and
the likelihood increased to 1.93 (95 % CI, 1.46-2.54) times
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Fig. 1 Unadjusted healthcare
costs over the 12-month pre-
period
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for a fracture-related hospitalization. Similarly, Medicare
patients in the post-MAW cohort were found to be 1.75
(95 % CI, 1.61-1.90) times to be hospitalized for any cause
and 1.72 (95 % CI, 1.52—1.96) times for a fracture-related
hospitalization compared with those with no-MAW. Patients
in the Commercial pre-MAW cohort were 1.60 (95 % CI,
1.11-2.31) times to be hospitalized for any cause, while
those in the Medicare cohort were 1.32 (95 % CI, 1.05—
1.66) times to have a fracture-related hospitalization, com-
pared with those with no-MAW. A higher CCI (2 and above)
and a discharge to SNF were both predictors of hospitaliza-
tion in the post-period. Pre-period hospitalization, ER, or
outpatient hospital visits were also significantly associated
with a higher likelihood of hospitalization in the post-
period, except for fracture-related hospitalization in the
Commercial population.

Discussion

Age-related MAW “has been indicated as a reliable marker
of frailty and poor prognosis among the oldest individuals”
[18]. Among hip fracture patients, in particular, the presence
of MAW is associated with poor recovery in mobility [10]
and poor physical functioning [11]. Previous research has

Commercial
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Inpatient  Outpatient Pharmacy Total Inpatient Outpatient Pharmacy

Pre-MAW mPost-MAW ENo MAW

shown that elderly patients tend to decline physiologically
and functionally following hip fracture surgery [19] and that
these declines include MAW [20]. However, no previous
research has compared the healthcare resource use, costs, or
risk of re-hospitalization among hip fracture patients with
and without MAW. This study adds to the body of literature
on the impact of MAW on healthcare utilization and costs.

The majority of the hip fracture patients in this study
were found in the Medicare (65 years and older) population.
This finding is consistent with US-wide survey data, which
have shown the rate of total hip replacement to be twice as
high in inpatients age 65 years and over (33.8 per 10,000
population) relative to their counterparts ages 45—64 years
(12.3 per 10,000 population) [21], as well as with a recent
study of patients with osteoporotic hip fracture reporting
that 90 % of these patients were 65 years or older [22].
Additionally, patients with MAW in our Medicare popula-
tion were significantly older than those without MAW; this
finding is consistent with previous reports that declines in
muscle mass and strength are more likely to occur with
advancing age, due to age-related metabolic and physiologic
changes [23, 24].

Across both populations and all cohorts, the hip fracture
patients in this study were more likely to be female than
male. This is consistent with findings from previous

Fig. 2 Unadjusted healthcare Commercial Medicare
costs over the 12-month post-
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Fig. 3 Marginal difference in
healthcare costs in 1 year post-
hip fracture surgery

research which found the rate of hip fracture to be nearly
twice as high among women as among men [25, 26] and
women generally having higher rates of musculoskeletal
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Table 4 Factors associated with hospitalization over the 12-month post-period
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disorders [27, 28] and osteoporosis [29] relative to men.
The pre-MAW Commercial patients in this study had sig-
nificantly greater odds of being female relative to their no-

a Commercial Medicare
All-cause Fracture-related All-cause Fracture-related
Odds 95 % Confidence Odds 95 % Confidence Odds 95 % Confidence Odds 95 % Confidence
ratio  interval ratio  interval ratio  interval ratio  interval
MAWP
Pre-MAW 1.60* 1.11-2.31 1.25 0.77-2.05 .10 0.95-1.27 1.32* 1.05-1.66
Post-MAW 1.76% 1.42-2.20 1.93* 1.46-2.54 1.75% 1.61-1.90 1.72* 1.52-1.96
Charlson comorbidity index score®
1 1.36% 1.07-1.73 1.13  0.77-1.64 1.15% 1.03-1.27 1.07  0.89-1.29
2o0r3 1.68* 1.34-2.11 1.75% 1.27-2.42 1.25% 1.130-1.39 1.28* 1.07-1.53
4+ 1.71*% 1.47-1.99 1.53* 1.22-1.93 1.29% 1.20-1.39 1.21* 1.06-1.37
Select comorbidities
Osteoarthritis 1.24*% 1.07-1.44 1.03  0.83-1.28 1.17% 1.19-1.25 1.12* 0.99-1.24
Rheumatoid arthritis 1.65% 1.26-2.18 1.78*% 1.26-2.53 1.19*% 1.02-1.40 095 0.71-1.26
Osteoporosis 1.09 0.93-1.27 099 0.78-1.24 1.02  0.95-1.09 1.17*% 1.04-1.31
Discharge status®
Skilled nursing facility 1.60* 1.33-1.92 1.47* 1.13-191 1.09* 1.02-1.16 1.28* 1.14-1.43
Other facility 1.35  0.96-1.90 1.57 1.00-2.48 0.86  0.71-1.03 .22 0.90-1.64
Other alive status 1.01  0.80-1.26 1.24  0.90-1.70 1.42% 1.27-1.58 1.98* 1.68-2.34
Inpatient rehab facility 1.52* 1.23-1.87 2.15% 1.64-2.81 1.04 0.95-1.14 1.41* 1.21-1.65
Pre-period utilization
Hospitalization 1.79* 1.53-2.08 1.20  0.96-1.50 1.63* 1.53-1.74 1.15% 1.03-1.29
Outpatient hospital visit 1.21* 1.02-1.43 1.04 0.81-1.33 1.24* 1.15-1.33 1.13  1.00-1.29
ER visit 1.39*% 1.20-1.60 1.22 1.00-1.50 1.16¥ 1.09-1.23 1.20*¥ 1.08-1.33

#Results from logistic regressions were also adjusted for age, gender, region of residence, and health plan type

® Reference category: no-MAW

¢ Reference category: Charlson score=0

9 Reference category: discharged to home

*P<0.05 compared with reference
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MAW counterparts. Future study may need to explore what
caused such distribution and whether additional screening
for MAW is needed among the under age 65 years women
who have hip fracture.

Hip fracture patients with MAW in this study were more
likely to be from the Southern region of the United States
and less likely to be from the Western states. These findings
are in agreement with numerous nationwide health statistics
showing the South to have poorer health and the West to
have better health [30]. In addition, national statistics have
indicated that the highest number of total hip replacements
is in the South, while the lowest is in the West [21].

Among both the Commercial and Medicare populations,
those with MAW were generally in poorer health, compared
with those with no-MAW. Specifically, patients in the pre-
MAW and post-MAW cohorts had higher CCI and a greater
likelihood of pre-period hospitalization relative to patients in
the no-MAW cohort. These findings support recent research
among older adults showing an association between frailty
and chronic disease [31]. In addition, previous research has
found that “individuals with chronic diseases often live a
sedentary lifestyle, which leads to physical de-conditioning”
[32]. All patients in the pre-MAW cohort as well as Medicare
patients in the post-MAW cohort were more likely to have
osteoarthritis or osteoporosis. Previous research has likewise
indicated that older patients with osteoarthritis are at high risk
for age-related MAW [12, 18] and for bone fracture [33].
Future studies may need to examine the impact of
comorbidities on patients with MAW after hip fracture.

The hip fracture patients with MAW in this study used
more healthcare resources relative to their counterparts with-
out MAW. Specifically, among both the Commercial and
Medicare populations, patients with MAW had longer hos-
pital stays, more physician office visits, and more outpatient
hospital and ER visits, as well as more use of SNFs, occu-
pational therapy, and inpatient rehabilitation services. These
results support earlier research showing deficits in muscle
strength to be associated with higher rates of functional
limitation and worse outcomes among all older individuals
[34, 35]. Additionally, findings from this study are consis-
tent with previous studies which have found muscle weak-
ness to be associated with longer lengths of hospital stay and
more post-operative complications among surgical patients
[36, 37]. In particular, the results of our study support
previous investigations linking loss of muscle strength to
poorer recovery after surgery for hip fracture [10]. These
findings suggest that paying attention to MAW among pa-
tients with hip fracture may help the post-surgical recovery.

Previous estimates, based on national survey data, of the
cost of an initial hospitalization for hip fracture have ranged
from $9,200 to $12,100 [38, 39], while costs in the year after
hip fracture have ranged from $13,585 to $29,800 [38, 40,
41]. Among the Medicare patients in our present study, costs
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of index hospitalization ranged from $19,299 to $21,056,
while unadjusted costs in the 1 year post-fracture ranged from
$28,653 to $48,589. These results appear to be roughly con-
sistent with inflation adjustment of previous estimates. Pa-
tients in the Commercial population experienced higher
costs than those in the Medicare population, a finding which
is consistent with the fact that Medicare and Commercial
insurances have different rate of reimbursement.

No previous study has compared the costs of hip fracture
patients with and without MAW. Patients with MAW in this
study had not only higher pre- and post-period healthcare
resource use, but also higher costs, including higher inpa-
tient, outpatient, some pharmacy, and total costs, and these
higher costs were seen in both the pre- and post-periods. In
both the insurance populations, the index hospital stay med-
ical costs were the highest for patients diagnosed with MAW
during or after their index hospitalization. The timing of
MAW diagnosis also had an impact on healthcare costs:
Pre-MAW patients had similar total costs (cost difference<
$7,300) in both the pre- and post-periods, but post-MAW
patients had higher post-period than pre-period costs (cost
difference>$31,000). These findings suggest that programs
designed to mitigate or prevent MAW during or after the
inpatient stays for hip fracture might significantly reduce the
overall costs of hip fracture. Further studies are needed to
determine what kinds of interventions will be most cost-
effective in preventing MAW among elderly patients recu-
perating from hip fracture.

Limitations

The results of this study should be interpreted in the context of
the following limitations. First, the use of diagnostic codes is
not as rigorous as formal diagnostic assessments for identify-
ing study subjects and such codes may not be applied uni-
formly across providers. Second, the analysis focused
exclusively on patients with medical and prescription benefit
coverage who did not have prior hip fracture and also survived
from their hip fracture for at least 1 year, thus this limitation
may affect the generalizability of the findings. Third, the use
of medical claims data precludes the assessment of quality-of-
life outcomes or indirect costs. Fourth, unobservable con-
founders might have biased the estimates. Finally, the findings
from this analysis can be interpreted as association and not
causation due to its study design.

Conclusions

This analysis of patients with hip fractures showed that
those with MAW had a greater burden of illness, higher
resource use, and higher costs as compared with the patients
without MAW. Patients with MAW diagnosed during or
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after the index hip fracture hospitalization had the greatest
cost increase from the pre-period to the post-period. In
addition, hip fracture patients who had MAW, more
comorbidities, or greater disability based on discharge status
after the initial hospitalization had significantly higher odds
of being re-hospitalized within 1 year. The results of this
study suggest that the mitigation of MAW among elderly
patients may significantly lessen the humanistic and eco-
nomic burden associated with fractures of the hip.
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