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Abstract

Objective—Examine whether racial disparities in utilization and outcomes of total knee and total
hip arthroplasty (TKA and THA) have declined over time.

Methods—We used 1991-2008 Medicare Part A (MedPAR) data to identify four separate
cohorts of patients (primary TKA, revision TKA, primary THA, revision THA). For each cohort,
we calculated standardized arthroplasty utilization rates for White and Black Medicare
beneficiaries for each calendar year and examined changes in disparities over time. We examined
unadjusted and adjusted arthroplasty outcomes (30-day readmission rate, discharge disposition
etc.) for Whites and Blacks and whether disparities decreased over time.

Results—In 1991 utilization of primary TKA was 36% lower for Blacks compared to Whites
(20.6 per 10,000 for Blacks; 32.1 per 10,000 for Whites; p<0.0001); in 2008 utilization of primary
TKA for Blacks was 40% lower for Blacks (41.5 per 10,000 for Blacks; 68.8 per 10,000 for
Whites; p<0.0001) with similar findings for the other cohorts. Black-White disparities in 30-day
hospital readmission increased significantly from 1991-2008 among three patient cohorts. For
example in 1991 30-day readmission rates for Blacks receiving primary TKA were 6% higher than
for Whites; by 2008 readmission rates for Blacks were 24% higher (p<0.05 for change in
disparity). Similarly, Black-White disparities in the proportion of patients discharged-to-home
after surgery increased across the study period for all cohorts (p<0.05).
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Conclusions—In an 18-year analysis of Medicare data we found little evidence of declines in
racial disparities for joint arthroplasty utilization or outcomes.

Introduction

Methods

Data

Total knee arthroplasty (TKA) and total hip arthroplasty (THA) are two of the most
common major surgical procedures performed in the United States (U.S.) with an estimated
670,000 TKA and 427,000 THA procedures performed in 2009 annually according to the
Healthcare Cost and Utilization Project.> Moreover, the utilization of these procedures has
increased by 10%-20% per-year over the past decade garnering attention from both
researchers and policy makers. 26

Prior analyses have demonstrated racial disparities for both TKA and THA with Blacks
having reduced utilization and higher complication rates as compared to Whites.”-?
However, many of these studies were conducted within discrete healthcare systems at a
single point-intime 78 and few have examined whether disparities in utilization and
outcomes have declined over time. In a landmark study published in NEJM in 2005 Jha et
al. found that racial disparities in joint arthroplasty utilization had increased between 1992
and 2001.10 However, updated analyses using more contemporary data have not been
conducted and their analysis did not examine disparities in arthroplasty outcomes.

The lack of contemporary data evaluating trends in racial disparities for joint arthroplasty is
particularly important given the myriad of publications, reports, and directives that have
been issued over the past decade in an effort to both draw attention to and reduce racial
disparities.11.12 For example, the National Institute of Arthritis and Musculoskeletal and
Skin Diseases (NIAMS)!3 and the American Academy of Orthopaedic Surgeons!4 have
made arthroplasty disparities a major priority for investigation and action.

The overarching objective of our study was to examine longitudinal trends in racial
disparities in primary and revision TKA and THA. Specifically, we set out to examine
whether the disparities in TKA and THA utilization and outcomes that have been
documented previously have decreased over the past 18-years. We hypothesized that racial
disparities in joint arthroplasty utilization rates and outcomes have narrowed over time.

We used Medicare Provider Analysis and Review (MedPAR) Part A data files to identify
fee-for-service beneficiaries who underwent primary or revision TKA or THA between 1991
and 2008. Patients were identified using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD9-CM) procedure codes: 81.54 for primary TKA;
80.06, 81.55, 00.80, 00.81, 00.82, 00.83, 00.84 for revision TKA; 81.51 for primary THA;
and 80.05, 81.53, 00.70, 00.71, 00.72, 00.73 for revision THA.15-18 The Part A files contain
data collected from discharge abstracts for all hospitalized fee-for-service Medicare
enrollees including: patient demographics (age, sex, race/ethnicity); ICD9-CM codes for
primary and secondary diagnoses and procedures (for index admission and subsequent
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admissions); admission source (e.g., emergency department or transfer from outside
hospital); admission and discharge dates; discharge disposition (e.g., home, nursing home,
transfer to another acute-care hospital, dead); death occurring up to three years after
discharge; each patient's unique Medicare beneficiary number allowing for identification of
patient readmissions; and each hospital's unique six digit identification number.

We limited our cohort to patients whose race was categorized as either Non-Hispanic White
or Black; patients whose race was listed as unknown or missing were excluded. Likewise,
we excluded patients with other racial categories (e.g., Native American, Asian/Pacific
Islander, and Hispanic). We focused our analysis on blacks and whites for several reasons:
First, prior studies have shown that Black/White racial designation to be more reliable than
other ethnic or racial designations. Second, most recent studies that examined this disparity
have focused on black and white patients. Lastly, the representation of other racial/ethnic
groups in our sample was less robust, particularly in the early 1990s.19

Consistent with prior studies in this area, we applied separate exclusion criteria to the
primary and revision populations.29-22 Primary TKA and THA are most often elective
procedures while revision TKA and THA can be either elective or non-elective. To insure a
cohort of primary elective TKA and THA procedures, we excluded patients with codes
indicating infection at the time of surgery (N=4517 for TKA, 6250 for THA), bone or
metastatic cancer (N=3101 for TKA, 13794 for THA), or fracture (N=4603 for TKA,
127102 for THA), patients admitted through the emergency department (N=14343 for TKA,
14851 for THA), and patients admitted after transfer from another acute-care hospital
(N=2590 for TKA, 2248 for THA)(Appendix 1). These exclusions were not applied to the
revision TKA and THA populations because revision procedures are commonly non-elective
and exclusion of emergent procedures would not make sense from a clinical standpoint.

For each hospital admission (primary or revision TKA or THA), we identified comorbid
conditions using algorithms described by Elixhauser et al.23:24 We also calculated the mean
number of comorbid conditions for each patient as an aggregate measure of comorbidity.
We assessed key outcomes for each admission including: hospital length-of-stay (LOS);
mortality within 30-days of discharge; readmission within 30-days of discharge; discharge
disposition (categorized as home versus other); and the occurrence of a composite outcome
representing readmission for one-or-more of six key complications within 30-days of
discharge (infection, hemorrhage, myocardial infarction, sepsis, deep vein thrombosis, or
pulmonary embolism). For this analysis, we used algorithms that we and others have
published previously.20-22

Statistical Analysis

We compared demographic and clinical characteristics of White and Black patients who
underwent primary or revision TKA or THA between 1991 and 2008. We used analysis of
variance (ANOVA) for comparisons of continuous variables and the chi-squared test for
categorical variables. All analyses were performed separately for primary TKA, revision
TKA, primary THA and revision THA. We then calculated age- and sex-standardized
utilization rates for Whites and Blacks for each of the four cohorts for each calendar year.
Utilization rates were calculated as the number of each procedure performed for Whites and
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Blacks divided by the number of fee-for-service White (or Black) Medicare enrollees. We
used graphical methods to plot the trends in utilization over time for White and Black
Medicare enrollees and compared Black-White differences in utilization using logistic
regression. Changes in the magnitude of disparities in utilization over time were assessed in
each cohort using an interaction term between race and calendar year and P-values of <0.05
were construed as evidence of a significant interaction.

We used similar methods to examine trends in several distinct unadjusted arthroplasty
outcomes among Whites and Blacks over the study period. These included hospital LOS;
30-day mortality; hospital readmission within 30-days of discharge; occurrence of the
composite outcome; and discharge-to-home after hospitalization. We compared changes in
the unadjusted Black-White differences for each of these outcomes between 1991 and 2008
using Cochran-Mantel-Haenszel statistics. Finally, we examined trends in risk-adjusted 30-
day mortality using logistic regression models with generalized estimating equations (GEE)
to account for clustering of patients within hospitals. These models adjusted for age, sex,
hospital arthroplasty volume, and comorbidity; changes in disparities were again assessed
using interaction terms for each model. Details of the models are available on request.

To insure the robustness of our findings, we conducted an array of sensitivity analyses. First,
we added back excluded populations to our primary TKA and THA groups and repeated our
analyses. Second, we conducted adjusted analyses for each of the principle outcomes
described above. Third, we examined each of the outcomes included in our composite
measure individually for each of our four cohorts. All analyses were performed using SAS
Version 9.2 (Cary, NC). This study was approved by the University of lowa Institutional
Review Board.

Baseline sample characteristics

Our analytic sample included, 2,684,575 primary TKAs and 267,644 revision TKAs and
1,328,902 primary THAs and 317,408 revision THAs performed between 1991 and 2008
(Appendix 1). Demographic and clinical characteristics of the primary and revision TKA
and THA populations are shown in Tables 1 and 2. Compared to White patients, Black
patients undergoing both primary and revision TKA were younger, more likely to be women
and had significantly more comorbidities (Table 1). Similar differences were observed for
primary and revision THA (Table 2).

Utilization Rates for Primary and Revision TKA and THA

Standardized utilization rates for both primary and revision TKA were significantly lower
for Blacks when compared to Whites throughout the study period (Figure 1); results were
similar for primary and revision THA (Figure 2). For example, in 1991 utilization of
primary TKA was 35.8% lower for Blacks compared to Whites (20.6 per 10,000 for Blacks;
32.1 per 10,000 for Whites; p<0.0001); in 2008 utilization of primary TKA for Blacks was
39.7% lower for Blacks (41.5 per 10,000 for Blacks; 68.8 per 10,000 for Whites; p<0.0001).
Over thel8-year study period the magnitude of the Black-White disparity increased for
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primary TKA utilization by 15.8% (p<0.001), was unchanged for primary THA (p=0.25)
and revision THA (p=0.94) and decreased modestly (by 12.8%) for revision TKA (p<0.01).

TKA and THA Outcomes

In unadjusted analyses for primary and revision TKA Blacks experienced worse outcomes
than Whites according to most measures throughout the study period (Table 3). In
particular, Blacks had longer hospital LOS, higher all-cause hospital readmission rates,
higher rates of the composite outcome, and were significantly less likely to be discharged to
home (Table 3). Thirty-day mortality was higher in Blacks compared to Whites for primary
TKA, but not revision TKA (Table 3).

In unadjusted analyses, there was substantial variability in the magnitude of change in
Black-White disparities for primary and revision TKA over the study period depending upon
the outcome under consideration (Table 3)). For example, in 1991 Blacks were 3.5% less
likely than Whites to be discharged to home following revision TKA, but 20.7% less likely
to be discharged home in 2008 (p<0.001 for change in disparity). Unadjusted analyses
focusing on primary and revision THA yielded similar results (T able 4). Black-White
disparities in 30-day hospital readmission increased significantly from 1991-2008 among
three of the study cohorts, namely, primary TKA, 6% to 24%, revision TKA, -6% to 18%
and revision THA, 5% to 15% (all three p-values <0.05), but not primary THA, 9% to 15%
(p=0.09). Alternatively, looking at length of hospital stay, in 1991 hospital LOS for Blacks
after primary TKA was 18.1% higher than for Whites, but was only 8% higher for Blacks in
2008 (p<0.001 for change in disparity).

In adjusted analyses, we found that the Black-White disparity for 30-day mortality for
primary and revision TKA remained largely unchanged (Figure 3). For example, in 1991 for
primary TKA the adjusted 30-day mortality for Whites was 0.2% and for Blacks was 0.3%
while in 2008 the rates were 0.1% and 0.2% for Whites and Blacks respectively; thus, the
magnitude of the Black-White disparity was statistically unchanged between 1991 and 2008
(p-value for interaction term=0.81). In adjusted analyses focusing on mortality following
primary and revision THA, we again found no consistent evidence for reductions in Black-
White disparities. For example, we found that for primary THA the Black-White disparity
for 30-day mortality decreased by 0.3% between 1991 and 2008 (p<0.01) while the disparity
in 30-day mortality for revision THA increased by a statistically insignificant 0.1%
(p=0.76). Results of the sensitivity analyses for each of our outcomes for each of the study
cohorts failed to demonstrate evidence of declines in disparities over the study period. These
results are available by request.

Discussion

In a longitudinal analysis of Medicare administrative data from 1991 to 2008 we found
persistent disparities in joint arthroplasty utilization and outcomes. We found that Blacks
had significantly lower utilization rates for primary and revision knee and hip arthroplasty
compared to Whites and that these disparities persisted over our 18-year study period. We
also found that Blacks had significantly worse outcomes by most measures (e.g.,
readmission rates, ability to be discharged to home) when compared with Whites and that

Ann Rheum Dis. Author manuscript; available in PMC 2014 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Singh et al.

Page 6

disparities in outcomes did not decline substantially over time. In aggregate, these results
suggest little progress in reducing Black-White disparities for joint arthroplasty over the past
18-years.

A number of prior studies have demonstrated racial disparities in joint arthroplasty
utilization with Blacks being less likely to receive surgery as compared to Whites, but none
of these studies examined whether disparities in utilization declined over time.925-27 The
notable exception was a 2005 landmark paper by Jha et. al.,10 that found little evidence of
reductions in Black-White disparities in the utilization of nine surgical procedures between
1992 and 2001 including TKA and THA. Our analysis builds on the prior analysis in a
number of important ways.28 First, our analysis extends the prior study by demonstrating
persistence of disparities in arthroplasty utilization over an 18-year period. Second, our
analysis documents not only persistent disparities in arthroplasty utilization but also
persistent disparities in arthroplasty outcomes.

As with prior studies, we observed that Blacks experienced inferior arthroplasty outcomes
when compared to whites.8:29-31 Specifically, we found that Whites tended to have a shorter
hospital LOS, were more likely to be discharged home after hospitalization, and had lower
rates of hospital readmission. As with the disparities in joint arthroplasty utilization, we
found little evidence that disparities in arthroplasty outcomes have declined over time.
While we did observe a significant decline in certain disparities (most notably hospital
LOS), we saw no decline in other disparities (e.g., mortality) and increases in others
(hospital readmission, discharge to home).

The combination of longer hospital LOS for Blacks accompanied by a reduced probability
of being discharged to home is thought provoking. It is possible that Blacks experience more
in-hospital complications and thus have both longer hospital LOS and are more likely to
require admission to rehabilitation facilities after hospital discharge. Alternatively, it is
possible that the longer LOS reflects patient preference while lower probability of being
discharged home reflects reduced social support for Blacks when compared to Whites32:3334
or lower rates of functional improvement during and after hospitalization in Blacks
compared to Whites.3® Further research is needed to address these issues.

The lack of a reduction in disparities in either utilization or outcomes over an 18-year period
is sobering. It is possible that the lack of reduction we observed is unique to joint
arthroplasty and that disparities in utilization and outcomes have declined more substantially
in other areas of healthcare.36:37 Alternatively, we believe it to be more likely that the lack
of a reduction in disparities that we observed extends to other areas of healthcare.38:39 It is
increasingly apparent that while broad-based policy briefs and consensus statements
disavowing disparities are symbolically important 11:13.14:40 they are insufficient to
meaningfully reduce disparities on their own.#1 Conversely, there is growing evidence that
disparities can be reduced at the local level2 when carefully targeted at a single disease and
when interventions are tailored to address the particular barriers in a community.43-45 It is
also important to recognize that our finding of a lack of meaningful reductions in
arthroplasty disparities over the past 18-years at a national level should not be interpreted as
evidence of a lack of reductions in disparities in all communities. In fact, it is nearly certain
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that disparities declined in certain communities, but increased in others. This too is an
important area for further research.

Our study has a number of limitations that warrant brief mention. First, our study was
limited to White and Black fee-for-service Medicare beneficiaries; extrapolation to other
populations should be done with caution. Second, our study relied upon administrative data
and thus we were unable to evaluate key arthroplasty outcomes including quality-of-life and
functional status. Third, in using administrative data, our results could be biased by
unmeasured differences in patient complexity.

In aggregate we found little evidence of reductions in racial disparities for knee and hip
arthroplasty between 1991 and 2008. Our results highlight the need for better understanding
of disparities and call into question the success of policies designed to reduce disparities
over the past two decades.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Unadjusted outcomes for Black and White patients undergoing Primary and Revision TKA 1991-2008

Table 3

PRIMARY TKA REVISION TKA

BLACK WHITE P-VALUE" | BLACK WHITE P-VALUE"
Length of Stay (# days, mean [SD])
1991-1993 | 9.7 (5.7) 8.3 (4.0) <0.001 11.8(10.8) | 9.2(8.0) <0.001
1994-1996 | 6.4 (3.9) 5.7 (2.8) <0.001 8.0 (7.3) 6.6 (6.1) <0.001
1997-1999 | 4.8 (2.6) 45(2.1) <0.001 6.1 (6.6) 5.4 (4.7) <0.001
2000-2002 | 4.5(2.8) 4.2 (2.0) 6.0 (5.9) 5.4 (4.8)
2003-2005 | 4.2 (2.2) 3.9 (1.9) 5.8 (5.2) 5.2 (4.9)
2006-2008 | 3.9(2.1) 3.6 (1.7) 5.9 (6.6) 5.0 (4.6)
30-day mortality, n (%)
1991-1993 | 55(0.4) 642 (0.2) <0.01 6 (0.3) 104 (0.4) 0.81
1994-1996 | 69 (0.3) 850 (0.2) <0.01 7(0.3) 138 (0.4) 0.20
1997-1999 71(0.3) 893 (0.3) 0.64 12 (0.4) 188 (0.5) 0.29
2000-2002 | 73(0.3) 828 (0.2) 26 (0.7) 226 (0.5)
2003-2005 86 (0.3) 1068 (0.2) 20(0.5) 282 (0.6)
2006-2008 | 87 (0.3) 1093 (0.2) 30 (0.8) 286 (0.6)
30-day readmission, n (%)
1991-1993 | 717 (4.7) 12056 (4.4) 0.02 122 (6.9) 2047 (7.3) 0.46
1994-1996 | 920 (4.6) 14984 (4.3) <0.001 168 (6.9) 2592 (7.1) <0.001
1997-1999 | 1042 (4.9) 15143 (4.2) <0.001 218 (7.4) 2940 (7.3) <0.001
2000-2002 | 1086 (4.6) 16987 (4.2) 274 (7.8) 3337 (7.5)
2003-2005 | 1474 (4.8) 23618 (4.4) 367 (9.2) 4198 (8.2)
2006-2008 3088 (8.8) 40698 (6.7) 545 (13.6) 5440 (11.2)
30-day composite outcome, n (%)
1991-1993 | 293 (1.9) 4382 (1.6) <0.001 45 (2.5) 932 (3.3) 0.07
1994-1996 | 392 (2.0) 5727 (1.6) <0.001 78 (3.2) 1195 (3.3) 0.03
1997-1999 | 384 (1.8) 5793 (1.6) 0.17 127 (4.3) 1560 (3.9) 0.02
2000-2002 | 415 (1.8) 6462 (1.6) 174 (4.9) 1870 (4.2)
2003-2005 | 559 (1.8) 8249 (1.6) 212 (5.3) 2446 (4.8)
2006-2008 | 863 (2.5) 11647 (1.9) 280 (7.0) 2979 (6.1)
Discharged to Home, n (%)
1991-1993 | 10349 (68.3) | 195535 (70.5) | <0.001 1223 (68.8) | 20283 (72.6) | <0.001
1994-1996 | 9967 (49.5) 190682 (54.2) | <0.001 1369 (55.9) | 21506 (58.8) | <0.001
1997-1999 | 7394 (34.7) 151393 (42.3) | <0.001 1176 (39.7) | 18767 (46.4) | <0.001
2000-2002 | 6675 (28.2) 165610 (40.5) 1157 (32.8) | 19593 (44.1)
2003-2005 | 9025 (29.6) 232055 (43.6) 1284 (32.1) | 22760 (44.7)
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PRIMARY TKA REVISION TKA
BLACK WHITE P.VALUE* | BLACK WHITE P.VALUE*
2006-2008 15025 (42.7) 336101 (55.1) 1615 (40.4) | 24731 (51.0)

Page 17

*
For each set of P-Values: 1) the first p-value denotes White-Black disparity in 1991-1993; 2) the second p-value denotes White-Black disparity in
2006-2008; and 3) the last p-value denotes change in the disparity magnitude between 1991-93 and 2006-2008.
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Unadjusted outcomes for Black and White patients undergoing Primary and Revision THA 1991-2008

Table 4

PRIMARY THA REVISION THA

BLACK WHITE P-VALUE | BLACK WHITE P-VALUE"
Length of Stay (# days, mean [SD])
1991-1993 | 9.9 (5.5) 8.6 (4.4) <0.001 14.8 (14.9) | 11.6(10.2) | <0.001
1994-1996 | 6.6 (4.3) 5.9 (3.1) <0.001 10.1(11.4) | 7.9(7.3) <0.001
1997-1999 | 5.0 (3.0) 46(23) <0.001 7.8 (8.4) 6.3 (5.6) <0.001
2000-2002 | 4.6 (3.4) 4.4(2.2) 7.1(6.8) 6.2 (5.4)
2003-2005 | 4.3 (2.4) 40(2.1) 7.0 (7.0) 6.1(5.3)
2006-2008 | 4.1(2.5) 3.8(1.9) 7.0(6.8) 5.9 (5.4)
30-day mortality, n (%)
1991-1993 | 44 (0.7) 585 (0.4) <0.001 32(1.7) 550 (1.3) 0.24
1994-1996 | 36 (0.5) 628 (0.3) 0.36 34 (1.5) 656 (1.4) 0.26
1997-1999 | 46 (0.6) 639 (0.3) <0.001 40 (1.6) 783 (1.6) 0.79
2000-2002 | 34 (0.4) 645 (0.3) 44 (1.6) 884 (1.6)
2003-2005 | 34 (0.3) 716 (0.3) 45 (1.7) 943 (1.7)
2006-2008 | 28 (0.2) 700 (0.3) 52 (2.2) 953 (1.8)
30-day readmission, n (%)
1991-1993 | 429 (6.5) 9470 (5.9) 0.02 196 (9.9) 3951 (9.4) 0.51
1994-1996 | 420 (5.4) 10068 (5.4) <0.001 200 (8.7) 4370 (9.4) <0.001
1997-1999 | 474 (5.9) 9850 (5.1) 0.09 255 (10.2) | 4860 (9.6) 0.02
2000-2002 | 461 (4.7) 10308 (4.6) 279 (9.7) 5341 (9.5)
2003-2005 | 551 (4.7) 12094 (4.8) 298 (10.9) | 5723 (10.4)
2006-2008 | 1103 (9.0) | 19704 (7.6) 420 (17.1) | 7585 (14.5)
30-day composite outcome, n (%)
1991-1993 | 178 (2.7) 3570 (2.2) <0.01 83 (4.2) 1713 (4.1) 0.51
1994-1996 | 169 (2.2) 3939 (2.1) 0.19 103 (4.5) 2110 (4.5) <0.001
1997-1999 | 189 (2.4) 3866 (2.0) 0.28 161 (6.4) 2601 (5.2) 0.02
2000-2002 | 176 (1.8) 3921 (1.8) 174 (6.1) 3071 (5.5)
2003-2005 | 216 (1.9) 4523 (1.8) 191 (7.0) 3314 (6.0)
2006-2008 | 300 (2.4) 5838 (2.3) 243 (9.9) 3925 (7.5)
Discharged to Home, n (%)
1991-1993 | 4326(65.9) | 106121 (65.8) | 0.80 1138 (57.4) | 23012 (55.0) | 0.04
1994-1996 | 3638 (46.7) | 92249 (49.3) | <0.001 1007 (43.9) | 20188 (43.2) | <0.001
1997-1999 | 2562 (32.1) | 71431 (37.3) | <0.001 816 (32.5) | 16895 (33.5) | <0.001
2000-2002 | 2537 (26.2) | 75537 (34.0) 717 (25.0) | 17727 (31.6)
2003-2005 | 3139 (26.9) | 92466 (36.7) 657 (24.0) | 17269 (31.3)
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PRIMARY THA REVISION THA
BLACK WHITE P-VALUE | BLACK WHITE P.VALUE*
2006-2008 | 4701 (38.2) | 121689 (47.1) 685 (27.8) 18390 (35.1)

Page 19

*
For each set of P-Values: 1) the first p-value denotes White-Black disparity in 1991-1993; 2) the second p-value denotes White- Black disparity in

2006-2008; and 3) the last p-value denotes change in the disparity magnitude between 1991-93 and 2006-2008.
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