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Background: The burden of hospital length of stay and readmission rates for total hip arthroplasty
patients has been scrutinized as a source of potentially preventable cost. Attempts to determine and
minimize the risks for increased length of stay and readmission rates have focused on patients’ comorbidities,
particularly obesity. While many studies have demonstrated obesity’s connection with total hip arthroplasty
complications, there is conflicting data on obesity’s effect on length of stay and readmission rates. The
purpose of this case-control study was to determine if obesity was independently associated with greater odds
of increased length of stay and readmission rates when compared with other comorbidities.

Methods: A total of 1,433 surgeries performed in 1,265 patients from our institution (622 males, 811
females) were studied. Readmissions were defined as any cause re-hospitalization within 90 days. Analysis of
variables was used to determine which patient demographics and comorbidities were associated with body
mass index. Odds ratios for risk of readmission and increased length of stay (=5 days) were calculated for
each body mass index category and possible confounders. Multivariable logistic regression with backward
elimination was used to examine body mass index >40 and >50 as independent risk factors after adjusting for
the possible confounders. All tests with a P value <0.05 were considered statistically significant.

Results: The following patient factors were associated with increased body mass index: younger age, black
race, hypertension, diabetes mellitus, mental illness, chronic obstructive pulmonary disease, and coronary
artery disease, length of stay. Obesity did not confer an increased odds of extended length of stay at any
level and only conferred independently increased odds of readmission at body mass index >50, although
the sample size was small for that group (n=11), while several comorbidities including asthma, coronary
artery disease, congestive heart failure, peripheral vascular disease, chronic obstructive pulmonary disorder,
and mental illness were all associated with both increased odds of extended length of stay and readmission.
Hypertension was associated with increased odds of readmission only and diabetes was associated with
increased odds of extended length of stay only.

Conclusions: When compared with the other comorbidities examined in this study, obesity was not
independently associated with a significantly increased odds of the adverse outcomes extended length of
stay and readmission below a body mass index of 50. This suggests that more effort should be spent on

optimizing these other comorbidities prior to total hip arthroplasty rather than on lowering body mass index.
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Introduction

Total hip arthroplasties (THA) are common, effective
surgical procedures that increase patient and societal
productivity, even resulting in a financial benefit for society.
This benefit to society will continue to grow as the number
of THAs performed each year increases as the baby boomer
cohort ages and its members wish to maintain active
lifestyles. This growth is demonstrated by joint registry
data which has shown 2 million Americans are expected to
receive THA or total knee arthroplasty (TKA) in 2020 and
an increase in THA revision rates since 2008 (1). Although
these are effective surgeries, they are sometimes associated
with significant and costly complications that can result in
an increased hospital length of stay (LOS) and increased
readmission rates (RR) (2). Readmissions following
THASs account for 12% of reimbursements spent on post-
arthroplasty hospital readmissions (3). Due to the increasing
demand for THAs and their associated complications,
hospitals and health insurance entities, especially the Centre
for Medicare and Medicaid services, place a great deal of
emphasis on identifying and minimizing modifiable risk
factors (4).

In a movement towards cost containment, voluntary
programs such as the Medicare Bundled Payment for Care
Improvement initiative are offering single, prospectively
determined bundled payments to hospitals that cover all
of the services offered during a single episode of care (the
length of an entire inpatient stay). This program seeks
to discourage unnecessary services and billing associated
with the fee-for-service model and instead incentivizes
coordinated and efficient care (5). More recently, the
Comprehensive Care for Joint Replacement (CJR) model,
effective April 1" 2016, offers bundle payments for hip
and knee arthroplasties to cover care through 90 days after
hospital discharge (6).

Considering these new methods of reimbursement
centered on coordinated care and the burden of THA
associated complications on individual patients and on
society, it is imperative to accurately identify high risk
patients and successfully implement clinical interventions
to address modifiable risk factors before performing the
operations (7). Commonly studied risk factors for THA
complications are diabetes mellitus (DM), hypertension
(HTN), coronary artery disease (CAD), congestive heart
failure (CHF), peripheral vascular disease (PVD), chronic
obstructive pulmonary disease (COPD), renal disease,
mental illness, asthma, and obesity (7). Obesity in particular
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has received attention as a prevalent and modifiable risk
factor.

While obesity as an epidemic is widely accepted, the
exact role of obesity in THA complications in particular has
been a subject of debate. Obesity is a worldwide epidemic,
affecting as much as 70% of males and 56% of females (8).
In the USA, 66% of adults are classified as obese with a
50% annual increase in the prevalence of body mass index
(BMI) >40 kg/m’ (9). This increase in obesity is of particular
importance to THAs and their associated increase in LOS
and RR as there is a strong association between obesity and
joint disease of the lower limbs (10).

There have been conflicting results on the association
between obesity and complications following THA. Bradley
et al. (11) followed 589 patients undergoing lower limb
arthroplasty and found that for every point increase in
BMI the LOS increased by a factor of 2.9% (P<0.0001).
Conversely, Deakin ez /. (12) found no increase in LOS for
obese patients compared on non-obese patients. Ali ez 4/. (13)
found that obese patients had a 1.14 higher risk (P<0.0001)
for readmission while Shaparin ez 4/. (14) found RR were not
significantly different for patients with a BMI of 30-34.9 kg/m’
compared to patients with a BMI of 25-25.9 kg/m” (P=0.9).

The purpose of this study was to determine if obesity as
an independent risk factor was associated with an increased
LOS and RR. The second purpose of this study was to
evaluate obesity as a risk factor when compared to other
comorbidities.

Methods

This case-control study was approved by our institutional
review board (IRB approval 849-16-EP). Data was gathered
from the electronic medical records of all patients who
were admitted following a primary THA at our University
Medical Centre from November 2009 to November 2016
(7 years). Surgeries were performed by three separate
physicians within the institution with a minimum of 1-year
follow-up. Our search yielded 1,447 THA surgeries during
this time period, of which 14 encounters were excluded
due to incomplete chart information (12) or death during
hospitalization (2). The 1,433 surgeries were performed on
1,265 patients. Readmission was defined as any unplanned,
any-cause hospitalization up to 90 days after discharge from
initial post-THA hospitalization to our facilities. Patients
and data from other institutions were not included in this
study. All patients who were included in analysis had BMI
and comorbidity data available at the time of surgery.
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BMI was calculated using the formula weight in kilograms
divided by the square of the height in meters (kg/m®). BMI
ranges were defined using the National Institutes of Health
Patients ranges as follows: underweight (BMI <18.5 kg/m’),
normal weight (BMI =18.6-24.9 kg/m”®), overweight (BMI
=25.0-29.9 kg/m’), obese class I (BMI =30.0-34.9 kg/m?),
obese class IT (BMI =35.0-39.9 kg/m’), and obese class III
(BMI 240 kg/m’) (15).

Variables of interest were collected through chart review
including age, gender, race, BMI, comorbidities (HTN,
asthma, DM, renal disease, mental illness, COPD, PVD,
CAD, CHF), LOS, readmission, discharge location and
cause of readmission. Specifically, BMI and comorbidity
data were collected from the vitals and past medical history
sections of the pre-surgical history and physical.

Statistical analysis

Counts and percentages were used to describe categorical
data such as pre-surgery demographics, comorbidities, and
RR. Means and standard deviations were used to describe
continuous data such as age, LOS, and BMI. BMI was
also evaluated as a categorical variable when determining
associations with potential confounders as the various
BMI categories: underweight, normal weight, overweight,
obese class I, obese class II, obese class III. Analysis of
variables was used to examine the association of age,
gender, race, LOS, RR, HTN; asthma, DM, renal disease,
mental illness, COPD, PVD, CAD, CHF with each of the
six BMI categories. Pairwise comparisons were adjusted
using Tukey’s method. For each BMI category and for
the potential confounders, we calculated the odds ratio of
increased risk of readmission and increased LOS (5 days).
A cut-off of >5 days for LOS was considered an extended
stay because it was approximately one standard deviation
above the mean. Odds ratios were calculated for the BMI
categories with the overweight category as a reference.

A multivariable logistic regression model was fit that
included age and all conditions considered in the univariate
analysis. From this complete model, a reduced model was
developed that included the most predictive variables of
readmission as well as BMI status (either >40 or >50 kg/m’
cut point) using backward elimination until the remaining
variables were significant at the P<0.05 level. This backward
elimination excluded the variables that were not statistically
significant. BMI was forced into the model as it was the
variable of interest. The following variables were included
in the final multivariate analysis: age, HT'N, CAD, CHE,
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PVD, COPD, asthma, renal disease, and mental illness.
This analysis was used to examine BMI >40 or >50 kg/m’
as independent risk factors for readmission by adjusting for
the possible confounding demographic and comorbidity
variables. A multivariate analysis was not performed for
LOS because BMI was not significantly associated with it in
univariate analysis.

Because our study spanned 7 years, we examined the
association between the main variables of interest, LOS,
RR, and BMI, with each year of the study to account for
potential changes in surgery methods or post-surgical
medical care that may have occurred over the period of the
study.

All analyses were performed using SAS 9.4 and a P value
<0.05 was considered statistically significant.

Results
Patients

Of the 1,433 surgeries, 622 (43.4%) were male and 811
(56.6%) were female; 1,291 (90.1%) white/non-Hispanic,
104 (7.3%) black, 15 (1.0%) Hispanic, 10 (0.7%) Asian,
and 13 (0.9%) deferred their race. Age for all encounters
was normally distributed with a mean of 60.7+13.8 years and a
median of 61.0 (range, 12.0-94.0) years. BMI for all encounters
was skewed to the right with a mean of 30.0+6.7 kg/m’ and
a median of 28.8 (range, 13.9-68.8) kg/m’. Distribution
between the BMI categories was as follows: underweight
1.3% (n=19), normal weight 20.8% (n=298), overweight
33.8% (n=484), obese class I 22.5% (n=323), obese class 11
13.2% (n=189), and obese class III 8.4% (n=120). LOS for
all encounters was skewed to the right with a mean of 3.3+1.9
days and a median of 3.0 (range, 1.0-28.0) days. The RR
for all encounters was 6.6% (n=94). The frequencies for
all encounters of the various comorbidities are as follows:
HTN 55.7% (n=798), asthma 10.1% (n=145), DM 15.0%
(n=215), renal disease 10.5% (n=150), mental illness 22.3%
(n=320), COPD 5.3% (n=76), PVD 5.7% (n=81), CAD
11.3% (n=162), and CHF 3.9% (n=56).

BMI category associations

Age was significantly associated with BMI categories
(P<0.0001), the mean age decreasing with increasing BMI
(Table 1). Gender was also significantly associated with BMI
categories (P<0.0001), with the distribution of a larger
percentage of males in the middle categories, overweight
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Table 1 Preoperative characteristics of THA patients for each BMI category

Weight

Obese class

Characteristics

Underweight (n=19) Normal weight (n=298) Overweight (n=484) | (n=323)

P value
Il (n=189) Il (h=120)

Age, mean + SD, years 63.2+17.1 62.3+15.9
Gender (male), % 21.1 27.9
Race, %
Black 0 7.4
White/non-Hispanic 100.0 89.3
Hispanic 0 1.3
Asian 0 1.3
Race deferred 0 0.7
LOS, mean = SD, days 3.4+1.3 3.5+£2.5
RR, % 5.3 6.7
Comorbidities, %
HTN 421 49.3
Asthma 0 10.4
DM 0 6.4
Renal disease 10.5 10.4
Mental illness 31.6 20.8
COPD 31.6 6.7
PVD 5.3 5.0
CAD 5.3 10.7
CHF 5.3 6.0

61.9+13.4 60.5+13.3 59.2+12.4 54.7+11.6 <0.0001
50.8 51.1 41.8 37.5 <0.0001
5.4 8.7 5.8 14.2 0.015
92.8 88.9 91.0 81.7 0.006
0.2 1.2 1.6 2.5 0.233
1.0 0.3 0 0 0.350
0.6 0.9 1.6 0.8 0.870
3.3+£1.8 3.1£1.3 3.4£2.2 3.5+1.7 0.046
6.0 6.2 5.3 1.7 0.308
48.3 58.5 70.9 1.7 <0.0001
9.1 9.3 11.6 15.0 0.253
11.6 17.3 24.3 31.7 <0.0001
12.2 9.6 11.6 4.2 0.210
18.8 21.7 32.3 25.0 0.006
4.5 3.1 4.2 8.3 <0.0001
6.8 5.3 5.3 4.2 0.838
13.2 9.0 15.9 5.0 0.023
3.1 2.2 5.3 4.2 0.149

THA, total hip arthroplasty; BMI, body mass index; SD, standard deviation; LOS, length of stay; RR, readmission rate; HTN, hypertension;
DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease; CAD, coronary artery disease;

CHF, congestive heart failure.

and obese class I, and a larger percentage of females in the
categories underweight, normal weight, obese class II and
obese class III (7able I). In the category of race, increasing
BMI was associated with an increased percentage of blacks
(P=0.015) and decreasing BMI was associated with an
increased percentage of whites (P=0.006) (7able 1). The
other races were not significantly associated. The following
comorbidities were significantly associated with BMI
categories: HTN (P<0.0001), DM (P<0.0001), mental illness
(P=0.006), COPD (P<0.0001), and CAD (P=0.023). The
following comorbidities were not significantly associated
with BMI categories: asthma (P=0.253), renal disease
(P=0.210), PVD (P=0.838), and CHF (P=0.149) (Table 1).
Although LOS was significantly associated BMI (P=0.046),
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the lowest mean LOS of 3.1£1.3 days was found in the
obese class I category while the highest mean LOS of 3.5£2.5
days was found in the normal weight category (Table I).
RR were not significantly associated with BMI categories
(P=0.308), but there was a large difference between the
lowest RR of 5.3% for obese class IT and 11.7% for obese
class IIT (Table 1).

Predictors of readmission

By univariate analysis, the following variables were
significantly associated with an increased odds of
readmission: black race (P=0.001), obese class III (P=0.034),
HTN (P=0.0002), asthma (P=0.010), renal disease
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Table 2 Predictors of readmission

Variables OR 95% CI P value
Gender

Male 0.8 0.5-1.2 0.213

Female 1.3 0.9-2.0 0.213
Black 2.7 1.5-4.8 0.001
Weight

Underweight 0.9 0.1-6.8 0.895

Normal weight 1.1 0.6-2.0 0.687

Overweight 1.0 0.6-1.7 1.000
Obese class

I 1.0 0.6-1.9 0.907

Il 0.9 0.4-1.8 0.727

I 2.1 1.1-4.1 0.034
HTN 25 1.5-3.9 0.0002
Asthma 2.1 1.2-3.6 0.010
DM 1.5 0.9-2.5 0.146
Renal disease 2.9 1.7-4.8 <0.0001
Mental illness 2.2 1.4-3.4 0.001
COPD 24 1.3-4.6 0.009
PVD 4.4 2.5-7.9 <0.0001
CAD 3.4 2.1-55 <0.0001
CHF 3.8 1.9-7.6 0.0002

Overweight is the reference population for BMI. For other
comorbidities, the reference population is the group without the
specific comorbidity. OR, odds ratio; ClI, confidence interval;
HTN, hypertension; DM, diabetes mellitus; COPD, chronic
obstructive pulmonary disease; PVD, peripheral vascular
disease; CAD, coronary artery disease; CHF, congestive heart
failure; BMI, body mass index.

(P<0.0001), mental illness (P=0.001), COPD (P<0.0001),
PVD (P<0.0001), CAD (P<0.0001), and CHF (P=0.0002).
Those not significantly associated with increased risk of
readmission were gender (P=0.213), underweight (P=0.895),
normal weight (P=0.687), overweight (P=1.000), obese class
I (P=0.907), obese class II (P=0.727), and DM (P=0.146)
(Table 2).

By multivariate analysis with adjustment for confounders
using a cutoff of BMI 40 kg/m’, there was no significant
increase in the independent odds of readmission for BMI
>40 kg/m’ compared to BMI <40 kg/m’ (P=0.621) (Tuble 3).
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Table 3 Multivariate logistic regression predicting readmission

BMI 40

Variables Od.ds %< P value
ratio | ower  Upper
BMI =40 vs. <40 kg/m’ 1.1 0.7 1.9 0.621
HTN 1.7 1.1 2.9 0.031
Asthma 1.9 1.1 3.4 0.027
Renal disease 2.0 1.2 3.5 0.012
Mental illness 1.6 1.0 2.6 0.045
PVD 2.8 1.5 5.4 0.001
CAD 2.1 1.2 3.6 0.007

BMI, body mass index; Cl, confidence interval; HTN,
hypertension; CAD, coronary artery disease.

Table 4 Multivariate logistic regression predicting readmission
BMI 50

Variables Odfjs % d P value
ratio Lower Upper
BMI =50 vs. <50 2.2 1.2 4.2 0.015
HTN 1.7 1.0 2.8 0.044
Asthma 2.0 1.1 3.6 0.017
Renal disease 2.1 1.2 3.6 0.009
Mental illness 2.9 1.5 5.5 0.001
PVD 2.3 1.3 3.9 0.003
CAD 2.2 1.2 4.2 0.015

BMI, body mass index; CIl, confidence interval; HTN,
hypertension; CAD, coronary artery disease.

With a cutoff of BMI 50 kg/m’, there was a significant
increase in the independent odds of readmission for BMI
>50 kg/m’ compared to BMI <50 kg/m’ (P=0.015), but the
sample size for BMI >50 kg/m’ was only n=11 (Tible 4).

Predictors of increased LOS

By univariate analysis, the following variables were
significantly associated with an increased odds of LOS
>5 days: asthma (P=0.011), DM (P=0.003), renal disease
(P=0.007), mental illness (P=0.021), COPD (P=0.0004),
PVD (P=0.003), CAD (0.001), and CHF (P<0.0001).
Those not significantly associated with increased risk
of extended LOS were gender (P=0.282), black race
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Table 5 Predictors of extended LOS (=5 days)

95% CI
Variables OR P value
Lower Upper
Male 0.8 0.6 1.2 0.282
Female 1.2 0.9 1.7 0.282
Black 1.3 0.7 24 0.369
Underweight 2.0 0.6 6.1 0.246
Normal weight 11 0.7 1.7 0.649
Overweight 1.0 0.7 15 1.000
| 0.5 0.3 0.8 0.005
I 0.9 0.5 1.5 0.610
M 1.1 0.6 1.9 0.877
HTN 1.3 1.0 1.9 0.098
Asthma 1.8 1.2 2.9 0.011
DM 1.9 1.2 2.8 0.003
Renal disease 1.9 1.2 3.0 0.007
Mental illness 1.6 1.1 2.2 0.021
COPD 2.8 1.6 4.8 0.0004
PVD 23 1.3 4.1 0.003
CAD 21 1.4 3.2 0.001
CHF 3.9 2.2 7.1 <0.0001

Overweight is the reference population for BMI. For other
comorbidities, the reference population is the group without
the specific comorbidity. LOS, length of stay; OR, odds ratio;
Cl, confidence interval; HTN, hypertension; DM, diabetes
mellitus; COPD, chronic obstructive pulmonary disease; PVD,
peripheral vascular disease; CAD, coronary artery disease; CHF,
congestive heart failure.

Table 6 Change in LOS, RR, BMI over time

Annals of Joint, 2018

(P=0.369), underweight (P=0.246), normal weight (P=0.649),
overweight (P=1.000), obese class II (P=0.610), obese
class IIT (P=0.877), and HTN (P=0.098). Obese class I
actually had a reduced risk of extended LOS compared to
overweight (P=0.005) (Table 5).

Because BMI was not associated with increased odds
of extended LOS at any level, no multivariate analysis was
performed.

LOS, RR, and BMI over time of study

There was a significant difference in the LOS over the
course of the study. The mean LOS fluctuated over time
with the greatest value of 3.6+1.4 days in 2011 to least
value of 3.0+3.0 days in 2016 (P=0.024) (Table 6). The
RR (P=0.220) and the BMI (P=0.541) did not change
significantly over the course of the study (7able 6).

Discussion

Obesity is a serious epidemic that has profound impacts on
the healthcare system. Thompson ez 4/. (16) demonstrated
that lifetime medical costs increased by 20% for mild obesity,
50% for moderate obesity and 200% for severe obesity.
"This rise in obesity has coincided with a rise in the demand
for THAs due to the increased likelihood of arthritis in the
obese compared to the general population. The number of
obese patients presenting for joint arthroplasties has been
increasing over time (17). These facts, in combination with
continued efforts to minimize healthcare costs, make it
imperative to determine the relationship between obesity
and complications following joint arthroplasties. The current
research has provided conflicting results on this relationship.
Studies have shown little to no significant difference in the
outcomes between obese and non-obese patients (12,14)
while others have shown significant difference (11,13,18).

Variables 2009 (n=22) 2010 (n=191) 2011 (=190) 2012 (n=159) 2013 (n=207) 2014 (n=189) 2015 (=261) 2016 (n=214) P value

LOS (days) 3.2+1.1

RR (%) 13.6

BMI 31.7£7.0

3.4£1.7

5.2

30.4+7.6

3.6+1.4

9.0

30.3+7.6

3.3+£1.0

6.3

29.9+6.8

3.5+1.4 3.2+1.4 3.2+3.0 3.0+3.0 0.024
5.8 6.9 3.8 8.9 0.220
29.5+6.0 30.4+6.2 29.9+6.9 29.3+5.8 0.541

LOS and BMI reported as means with standard deviations. RR reported as %. LOS, length of stay; RR, readmission rate; BMI, body mass

index.
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More research is needed to define the specific impacts of
obesity on patient outcomes.

This study focused on obesity’s impact on the outcomes
of LOS and RR and found no significant relationship
between obesity and LOS nor RR below BMI of 50
following a primary THA. There was an increased odds
of readmission with BMI >50 (P=0.015), although the
sample size for this group was small (n=11) so it is difficult
to make a firm conclusion for this group. However, several
comorbidities including asthma, CAD, CHF, PVD,
COPD, and mental illness were all associated with both
increased odds of extended LOS and readmission. HT'N
was associated with increased odds of readmission only and
diabetes was associated with increased odds of extended
LOS only. When compared to the other comorbidities
in this study, obesity had no significant impact on LOS
nor readmission below BMI of 50, even when considered
as an independent factor. This suggests that efforts to
minimize cost and complications for THAs should focus on
optimizing the comorbidities associated with extended LOS
and readmission prior to surgery, rather than on obesity.

Although obesity is associated with other independent
risk factors like malnutrition (19) and physical weakness (20),
the findings of this study question whether or not obesity
itself should be considered a stand-alone risk factor for
THA. Our study is not alone in asserting that LOS and RR
are not increased in patients with obesity (unless BMI >50)
(12,14). However, largely elevated BMIs may need to be
considered a stand-alone risk factor as Arsoy ez 4/. found a
higher complication risk for super obese patients (BMI >50)
compared to non-obese patients (BMI <25) (21).

Conclusions

This study demonstrated that the minimal effect BMI has
on LOS and RR that is not consistent with the strong bias
and association of obesity with perioperative complications,
asserting that obesity (BMI, 30-40 kg/m’) is not an
independent risk factor for increased LOS and RR following
THA. Patients with a BMI >50 kg/m’ are an exception as
this population trended toward an odds of readmission after
adjusting for confounders, although the population size
was small for this group and more research is needed at this
BMI level.
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