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Abstract

Background The number of obese patients undergoing
THA is increasing. Previous studies have shown that
obesity is associated with an increased likelihood of com-
plications after THA, but there is little information
regarding the impact of obesity on medical resource use
and direct medical costs in THA.

Questions/purposes We sought to examine the relation-
ship between obesity, length of stay, and direct medical
costs in a large cohort of patients undergoing THAs.
Methods The study included 8973 patients who had
undergone 6410 primary and 2563 revision THAs at a large
US medical center between January 1, 2000, and Septem-
ber 31, 2008. Patients with bilateral procedures within
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90 days after index admission and patients with acute
trauma were excluded. Data regarding clinical, surgical
characteristics, and complications were obtained from the
original medical records and the institutional joint registry.
Patients were classified into eight groups based on their
BMI at the time of surgery. Direct medical costs were
calculated by using standardized, inflation-adjusted costs
for services and procedures billed during hospitalization
and the 90-day window. Study end points were hospital
length of stay, direct medical costs during hospitalization,
and the 90-day window. End points were compared across
the eight BMI categories in multivariable risk-adjusted
linear regression models.

Results Mean length of stay and the direct medical costs
were lowest for patients with a BMI of 25 to 35 kg/m?.
Increasing BMI was associated with longer hospital stays
and costs. Every five-unit increase in BMI beyond 30 kg/
m? was associated with approximately USD $500 higher
hospital costs and USD $900 higher 90-day costs in pri-
mary THA (p = 0.0001), which corresponded to 5%
higher costs. The cost increase associated with BMI was
greater in the revision THA cohort where every five-unit
increase in BMI beyond 30 kg/m® was associated with
approximately USD $800 higher hospital costs and USD
$1500 higher 90-day costs. These estimates remained

unchanged after adjusting for comorbidities or
complications.
Conclusions Obesity is associated with longer hospital

stays and higher costs in THA. The significant effect of
obesity on costs persists even among patients without
comorbidities but the increased costs associated with
obesity may be balanced by the potential benefits of THA
in the obese. Increasing prevalence of obesity likely con-
tributes to the increasing financial burden of THA
worldwide.
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Level of Evidence Level IV, economic and decision
analyses. See the Instructions for Authors for a complete
description of levels of evidence.

Introduction

The prevalence of obesity in the United States increased
dramatically during the last few decades [13]. Apart from
its health burden, obesity is associated with higher
healthcare costs [3, 12, 30, 44, 45]. Compared with normal-
weight individuals, obese patients incur 46% higher inpa-
tient costs and 27% more physician visits and outpatient
costs [12]. Obesity is also associated with greater likeli-
hood of osteoarthritis thus requiring THA [2]. Indisputably,
more obese patients are undergoing THA today than 10 to
20 years ago [11]. In terms of effectiveness, obese patients
seem to benefit from THA as much as their nonobese
counterparts despite a slower recovery and lower func-
tional scores [1, 7, 18, 20, 25, 27, 28, 41, 43, 46], yet in
terms of adverse outcomes, obese patients undergoing
THA are at greater risk for various short-term complica-
tions such as infections and dislocations [16, 17, 22-25, 29,
31, 32, 36-38].

Some previous studies examined the impact of obesity on
healthcare use and costs in THA with discrepant findings [4,
10, 14, 19, 21, 33, 39], attributable in part to methodologic
differences in terms of sample size and power, definition of
obesity, ascertainment and costing of use data, and adjust-
ment for potential confounders such as comorbidities.
Obesity is a risk factor for several costly comorbidities.
Controlling for comorbidities therefore may result in
underestimation of the true incremental cost of obesity
because costs attributable to comorbidities theoretically can
be considered attributable to obesity.

With this background, we performed the current study to
examine the association of obesity with length of stay and
with costs among patients undergoing THAs, after con-
trolling for comorbidities.

Patients and Methods

The study included primary and revision THAs performed
at the Mayo Clinic, Rochester, MN, USA, between January
1, 2000, and September 31, 2008. Patients who had denied
research authorization for use of their medical records in
research, patients who had undergone bilateral procedures
or revisions during the same hospitalization or up to
90 days after index admission, and patients with acute
trauma were excluded. We also limited the procedures to
Major Diagnostic Category 8 musculoskeletal diseases,

which included only orthopaedic surgery admissions. Apart
from the abovementioned exclusions, all primary and
revision THAs were analyzed. This study was approved by
the Mayo Clinic institutional review board.

Numerous institutional data sources were used for data
collection. Demographic and THA-related clinical data
were obtained from the Mayo Clinic Total Joint Registry
and the patients’ medical records. As described elsewhere
[5], the Mayo Clinic Total Joint Registry contains detailed
baseline and followup data for all patients who had
undergone an arthroplasty at the Mayo Clinic, Rochester,
MN, USA. Routinely collected data elements include
clinical and prostheses details, indications, examination
dates and findings, and details of the complete spectrum of
complications. All patients were followed up by the sur-
geon (either through a visit at the Mayo Clinic or mail
communication by local orthopaedists) at least twice dur-
ing the first postsurgical year to ascertain subsequent
complications and revision surgeries. Indications for pri-
mary THA were grouped into three categories as
degenerative arthritis, inflammatory arthritis, and other (eg,
congenital conditions, avascular necrosis, fracture). Indi-
cations for revision THAs were grouped into five
categories as prosthesis loosening, wear, and/or osteolysis,
dislocation, infection, periprosthetic fractures, and others.
Complications were captured under five categories as
infections (deep and/or superficial), vascular complications
(eg, myocardial infarction, stroke, gastrointestinal bleed-
ing, local arterial complications), thrombotic complications
(eg, pulmonary embolism, deep vein thrombosis), dislo-
cation and/or instability, and fracture of the bone or
prosthesis components. Serial height, weight, and BMI
measurements were extracted from the electronic medical
records. We recorded all weight and height measurements
and calculated BMI (weight/height in kg/m?) for each
surgical encounter. BMI at the time of index surgery was
the primary exposure variable. We used the Elixhauser
comorbidity algorithm to capture comorbidities using
administrative data [9]. The Elixhauser algorithm is a
commonly used risk adjustment instrument that relies on
ICD-9 codes to identify 30 individual comorbidities.

We obtained healthcare use and cost data from an
institutional research database [26] that contained line item
details for every procedure or service billed to patients of
the Mayo Clinic undergoing THA. Bottom-up microcost-
ing valuation techniques were used to generate
standardized inflation-adjusted estimates of the costs in
constant dollars. Part A items, which consisted primarily of
hospital-billed services and procedures, were valued by
multiplying the billed charge for each item by the cost
center-specific cost-to-charge ratio for the year in which
the service was delivered. Cost-to-charge ratios for each
cost center in each hospital were obtained from published
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Medicare cost reports. Part B services and procedures,
which consisted primarily of services billed by physicians,
were valued using national average Medicare reimburse-
ment rates. The costing algorithm applied the gross
domestic product price deflator (ie, an economic metric to
account for inflation) for Part A and Part B services to
express the costs for each year in 2010 US dollars.

The time window for costs was defined in two ways: index
hospitalization period (ie, beginning 1 day before the index
surgery to the day of discharge) and the 90-day period (ie,
90 days beginning 1 day before the index surgery). We used
Berenson-Eggers Type of Service [6] codes to classify the line
item data, which then were summed by type of service during
the index hospitalization and the total 90-day period. We
further grouped costs into clinically relevant categories such
as room and board, operating room, and prostheses costs.

The study included 8973 patients who had undergone
6410 primary and 2563 revision THAs between January 1,
2000, and September 31, 2008. Overall, the mean age of
the patients at the time of surgery was 64.5 years for those
having primary THAs and 67.0 years for patients for
patients having revision THAs. More than ! the patients
were female (Table 1). Mean BMI was 0.4 kg/m” greater
in patients with primary THAs than in patients with revi-
sion THAs. Mean BMI increased between 2000 and 2008
(Fig. 1). The size of the increase in mean BMI was 1.8 kg/
m? in the primary THA cohort and 1.4 kg/m? in the revi-
sion THA cohort. The proportion of obese (BMI > 30 kg/
m?) patients in the primary THA cohort increased from
33% in 2000 to 46% in 2008. Similarly, the proportion of
obese patients in the revision THA cohort increased from
30% in 2000 to 42% in 2008. The proportion of under-
weight patients was approximately 1.5% and remained
relatively stable during the years.

Mean and median length of stay was 1 day longer for
patients who had revision THAs (5.4 days versus 4.6 days;
Table 1).

Statistical Methods

Patients were grouped under eight BMI categories based on
their BMI at the time of the index THA hospitalization.
Length of stay, costs, comorbidities, and complications
were expressed as means with SDs, medians with inter-
quartile ranges, and percentages. The study end points were
hospital length of stay and direct medical costs during
hospitalization and the 90-day window. Direct medical
costs and categories of costs were calculated separately for
the hospitalization period and 90-day period (ie, total
costs). End points were compared across the eight BMI
categories in unadjusted and multivariable risk-adjusted
analyses. Linear regression models were used to determine

@ Springer

Table 1. Characteristics of patients in both cohorts

Characteristic Primary THA Revision THA
N = 6410 N = 2563
Age, years mean (SD) 64.5 (14.6) 67.0 (13.6)
Number (%) female 3269 (51%) 1358 (53%)
BMI mean (SD) 29.4 (6.2) 28.9 (6.0)
Median (25™ and 75™ quartiles) ~ 28.5 (25.3,  28.1 (24.8,
32.6) 32.0)
BMI (kg/m?) categories®, N < 18.5 82 (1.3%) 38 (1.5%)
18.5-< 25 1400 (21.8%) 644 (25.1%)
25-< 30 2357 (36.8%) 936 (36.5%)
30-< 35 1542 (24.1%) 599 (23.4%)
35-< 40 622 (9.7%) 214 (8.3%)
40-< 45 262 (4.1%) 82 (3.2%)
45-< 50 77 (1.2%) 29 (1.1%)
> 50 49 (0.8%) 16 (0.6%)
Length of stay, days
Mean (SD) 4.6 (2.3) 54 (2.9)
Median (25™ & 75™ quartile) 44,5) 54, 6)
Percentage of patients with 68% 71%
comorbidities
Number of comorbidities per 1.20 (1.17) 1.32 (1.23)
patient, mean (SD)f
Number (%) of patients who 648 (10%) 507 (20%)

experienced at
least one complication

* BMI unknown in 19 patients with primary THAs and five with
revision THAs; Texcluding obesity.

the cost impact associated with increasing BMI categories
and obesity. Numerous BMI cutoff values were examined
(> 25 kg/m?, > 30 kg/m?, > 35 kg/m?) to determine the
best fit for BMI data and other adjustment variables.
Analyses were conducted for the (1) overall study popu-
lation; (2) patients 25 years or older undergoing primary
THA with degenerative arthritis and no recorded malig-
nancies; and (3) patients 25 years or older undergoing
revision THA with no recorded malignancies, and (4)
restricting the analytical sample to patients without the
selected comorbidities previously shown to be significantly
associated with costs in this population. These comorbid
conditions were congestive heart failure, valvular diseases,
pulmonary circulation diseases (eg, pulmonary hyperten-
sion), paralysis, chronic pulmonary diseases (eg, asthma),
diabetes with or without complications, renal failure,
metastatic cancer, solid tumors without metastasis, coagu-
lopathy, fluid and electrolyte disorders, liver disease,
lymphoma, and alcohol or drug abuse. This exclusion also
resulted in exclusion of 51% of patients having primary
THAs and 30% having revision THAs. All statistical
analyses were performed using SAS Version 9.3 (SAS
Institute, Cary, NC, USA).
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Fig. 1 The trends in mean BMI and percentage of obese patients
(BMI > 30 kg/mz) undergoing THAs between 2000 and 2008 are
shown.

Results
Relationship Between Obesity and Length of Stay

Mean length of stay was lowest for patients with a BMI 25 to
35 kg/m* (Fig. 2). We observed a J-shaped relationship
where the hospital stays were longer for patients at extreme
ends of the BMI spectrum. In age- and sex-adjusted models,
each five-unit increase in BMI greater than 30 kg/m* was
associated with an average of 0.16 more days in the hospital
for patients having primary procedures and 0.27 days for
patients having revision procedures (p = 0.0001 for both).
This pattern persisted after excluding patients with selected
cost-associated comorbidities and with complications.

Relationship Between Obesity and Costs

Hospitalization costs (Fig. 3) and total 90-day costs (Fig. 4)
followed a pattern similar to the length of stay. In the primary
and revision cohorts, hospitalization costs and total 90-day
costs were lowest for patients with BMI 25 to 35 kg/m>.
Increasing BMI was associated with higher costs and this
association persisted among patients without significant
comorbidities or complications. When we examined the
various cost components, the association between BMI and
costs was significant for room and board costs and operating
room costs.

After adjusting for age, sex, surgery type (primary ver-
sus revision), and surgical indications, every five-unit
increase in BMI beyond 30 kg/m® was associated with
USD $744 and $1183 higher hospitalization and 90-day
costs, respectively (Table 2). These dollar amounts corre-
sponded to approximately 5% higher hospitalization and
90-day costs.

This association persisted even after adjusting for
comorbidities (USD $600 and $1019 hospitalization and
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Fig. 2 The mean (median) lengths of stay by BMI categories among
patients undergoing THA are shown.
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Fig. 3 The mean (median) hospitalization costs by BMI categories
among patients undergoing THA are shown in 2010 US dollars.
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Fig. 4 The mean (median) 90-day costs by BMI categories among
patients undergoing THAs are shown in 2010 US dollars.
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Table 2. Costs associated with obesity (estimates derived from multivariate linear regression models)

Analytical sample

Cost per five-unit increase in BMI greater than 30 kg/m?

Hospitalization ~ 95% CI Total 90-day  95% CI
costs (USD) costs (USD)
All patients undergoing primary and revision THA
Adjusted for age, sex, surgery type, surgical indication $744 $499-$989 $1183 $851-$1516
Adjusted for age, sex, surgery type, surgical indication, comorbidities $600 $360-$841 $1019 $692-$1347
Excluding patients with significant comorbidities* and adjusted for age, $657 $381-$932 $1053 $747-$1359
sex, surgery type, surgical indication
Excluding patients with complications, adjusted for age, sex, surgery type,  $606 $404-$807 $953 $682-$1224
surgical indication, comorbidities
Patients undergoing primary THA'
Adjusted for age, sex $620 $439-$801 $906 $628-$1184
Adjusted for age, sex, comorbidities $495 $319-$670 $845 $575-$1115
Excluding patients with significant comorbidities* and adjusted $550 $353-$746 $954 $622-$1285
for age, sex
Patients undergoing revision THA*
Adjusted for age, sex, surgical indication $895 $290-$1499  $1547 $744-$2350
Adjusted for age, sex, surgical indication, comorbidities $609 $19-$1199 $1170 $383-$1957
Excluding patients with significant comorbidities* and adjusted for age, $892 $421-$1362  $1367 $639-$1294

sex, surgical indication

* Patients with selected comorbidities that are significantly associated with costs are excluded; 'patients older than 25 years undergoing primary
THA with degenerative arthritis and no recorded malignancies or metastases; Ipatients older than 25 years undergoing revision THA and no

recorded malignancies or metastases.

90-day costs, respectively), in the subset of patients with-
out significant comorbidities (USD $657 and $1053
hospitalization and 90-day costs, respectively), and after
excluding patients with complications (USD $606 and
$953 hospitalization and 90-day costs, respectively). In the
primary THA cohort, the cost increase associated with five-
unit increase in BMI beyond 30 kg/m” was approximately
USD $500 to $600 in hospital costs and USD $800 to $900
in 90-day costs. In the revision THA cohort, the cost
increase was approximately USD $600 to $900 higher
hospital costs and USD $1200 to $1500 higher 90-day
costs. We also adjusted the models for length of stay (a
significant predictor of costs) and the association between
BMI and costs persisted. The association between BMI and
costs was robust regardless of the analytical sample or
adjustment for comorbidities (Table 2).

Discussion

Despite the increasing prevalence of obesity among
patients undergoing THA, there are few studies examining
the potential financial implications of obesity in this patient
population [4, 10, 14, 19, 21, 33]. We therefore examined
the association between BMI and length of stay and costs
taking into account obesity-related comorbidities and
short-term THA complications. We found that length of

@ Springer

stay and costs are lowest for individuals with normal BMI
or slightly overweight individuals and highest for patients
at extreme ends of the BMI spectrum where every five-unit
increase in BMI beyond 30 kg/m® was associated with
approximately USD $500 and $800 higher hospital costs in
primary and revision THAs, respectively.

This study had some limitations. First, the time of our
study is limited to the 3 months around the time of THA,
and therefore, the long-term cost implications of obesity
after THA are not addressed. Second, there is considerable
geographic variation [40, 42] in the practice of THA and
our findings may not be generalizable to THAs in other
institutions or countries. Nevertheless, our study has high
internal validity because all exposure and outcome data are
collected uniformly for all patients and comparisons are
made across BMI categories. Third, we relied on admin-
istrative data to identify comorbidities, which probably
resulted in underestimation of some common comorbidities
not adequately captured in administrative data. Fourth, the
number of patients in the lowest BMI category was too few
to draw any robust conclusions regarding the shape of the
BMI-cost relationship in patients with low BMI. Finally,
although we compared costs during a 3-month window, we
did not separately assess the cost of postdischarge read-
missions, which may be substantial [35].

Based on the findings of various large-scale studies with
various indications [15, 34, 47], it is plausible to presume
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that obese patients undergoing THA would have longer
hospital stays and higher hospital costs through increased
prevalence of chronic comorbidities and complications and
longer recovery. For example, a large-scale study [15]
included 35,000 orthopaedic surgeries and the length of
stay was 1.1 days longer for morbidly obese patients, but it
has been difficult to show this association in previous THA
studies [4, 10, 14, 19, 21, 33]. We believe this is a result of
methodologic issues, including small sample sizes, power,
measurement of obesity, and cost outcomes. Our study
overcomes some of these methodologic issues. For exam-
ple, three older studies included small THA cohorts,
however, they raised awareness of the issue [10, 19, 33]. In
contrast to a previous analysis from our institution [4], we
examined BMI as a continuous variable and in eight cat-
egories, which avoided loss of information and loss of
power. In addition, we identified and adjusted for comor-
bidities using the Elixhauser algorithm, which is more
strongly associated with healthcare use and costs than the
Charlson classification [8]. Two studies [14, 21] relied on
administrative data from the Nationwide Inpatient Sample
to address the impact of obesity on some THA outcomes,
including costs. The difficulty with administrative data is
underreporting of obesity, especially in the absence of
incentives to do so. Comorbidities were not considered in
one study, which reported USD $1500 greater charges for
morbidly obese patients undergoing THA than nonobese
patients [21]. The primary focus of another analysis was
metabolic syndrome and the authors reported that, adjust-
ing for hospital characteristics and comorbidities, the
presence of metabolic syndrome (with obesity as one
component) was associated with higher costs despite a
shorter hospital stay [14]. As compared with administrative
records of obesity, actual weight and BMI measures can
significantly improve prediction of in-hospital complica-
tions [29]. One study [39] examining the financial impact
of obesity in various surgical indications included
approximately 500 patients undergoing THAs and reported
that Medicare payments were 3% higher for the obese than
the nonobese patients but the provider costs were 10%
higher, suggesting that the increased costs associated with
obesity were not accompanied by similar increases in
payments. We recently conducted similar analyses in
TKAs (unpublished data) and the excess costs associated
with obesity seemed to be greater among patients under-
going THAs than the patients undergoing TKAs. The
reasons for this are unknown but may include longer
operative times owing to the more challenging anatomic
condition in obese individuals undergoing THA rather than
TKA. In our study, we observed a J-shaped relationship in
which the length of stay and costs were lowest for patients
with normal BMI or slightly overweight individuals and
highest for patients at extreme ends of the BMI spectrum.

Beyond 30 kg/m?, every five-unit increase in BMI was
associated with approximately USD $500 higher hospital
costs in primary THA and $800 higher hospital costs in
revision THA. These estimates persisted in analyses that
took into account obesity-related comorbidities and short-
term complications, indicating that obesity has a significant
impact on THA costs regardless of comorbidities and likely
contributes to the growing financial burden of THA. Nev-
ertheless, we believe that the increased costs associated
with obesity may be balanced by the potential benefits of
THA in obese patients.

An important finding of our study is the 12-percentage
point increase in the proportion of obese patients undergoing
THAs during the 8 years from 2000 to 2008. This is con-
sistent with a previous report [11]. Fehring et al. [11]
reported a 15% increase in proportion of obese patients
between 1990 and 2005, reaching 40% prevalence by 2005.
This is identical to our estimates. The obesity prevalence was
lower in another study [14], but obesity was defined using
administrative codes, which is an underestimate as a result of
underreporting. For example, in our cohort, only 5% were
identified as obese based on administrative codes. Together,
these findings underscore the high prevalence of obesity
among patients undergoing THA and the need to address the
financial impact of obesity in THA, especially in an envi-
ronment where cost containment is increasingly important.

We found that obesity is associated with longer hospital
stays and costs in THA, even among patients without
comorbid conditions or complications. The strengths of our
study include the inclusion of a large, contemporary THA
cohort, linkage of medical record-derived clinical data with
administrative data, and the robust costing methodology. In
light of this, we believe that costs are a reason to encourage
weight loss in obese candidates for THA. The increasing
prevalence of obesity in the THA population represents a
challenge and likely contributes to the financial burden
associated with THA.
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