
Readmission Rates and Diagnoses Following Total Hip Replacement
in Relation to Insurance Payer Status, Race and Ethnicity, and Income
Status

Robert S. White1
& Dahniel L. Sastow2

& Licia K. Gaber-Baylis2 & Virginia Tangel2 & Andrew D. Fisher1 &

Zachary A. Turnbull1

Received: 16 October 2017 /Revised: 26 January 2018 /Accepted: 30 January 2018 /Published online: 12 February 2018
# W. Montague Cobb-NMA Health Institute 2018

Abstract
Background Total hip replacements (THRs) are the sixth most common surgical procedure performed in the USA.
Readmission rates are estimated at between 4.0 and 10.9%, and mean costs are between $10,000 and $19,000.
Readmissions are influenced by the quality of care received. We sought to examine differences in readmissions by
insurance payer, race and ethnicity, and income status.
Methods We analyzed all THRs from 2007 to 2011 in California, Florida, and New York from the State Inpatient
Databases, Healthcare Cost and Utilization Project, Agency for Healthcare Research and Quality. Primary outcomes
were readmission at 30 and 90 days after THR. Descriptive statistics were calculated, and multivariate logistic regression
analysis was used to estimate adjusted odds ratio (OR) for readmissions. Statistical significance was evaluated at the <
0.05 alpha level.
Results A total of 274,851 patients were included in the analyses. At 30 days (90 days), 5.6% (10.2%) patients had been
readmitted. Multivariate logistic regression analysis showed that patients insured by Medicaid (OR 1.23, 95%CI 1.17–1.29)
and Medicare (OR 1.58, 95%CI 1.44–1.73) had increased odds of 30-day readmission, as did patients living in areas with lower
incomes, Black patients, and patients treated at lower volume hospitals. Ninety-day readmissions showed similar significant
results.
Conclusions The present study has shown that patients on public insurance, Black patients, and patients who live in
areas with lower median incomes have higher odds of readmission. Future research should focus on further identi-
fying racial and socioeconomic disparities in readmission after THR with an eye towards implementing strategies to
ameliorate these differences.

Keywords Healthcare disparities . Total hip replacement . Primary payer status . Readmission . Administrative database .

Outcomes research

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s40615-018-0467-0) contains supplementary
material, which is available to authorized users.

* Robert S. White
rsw9006@nyp.org

Dahniel L. Sastow
dahniel.sastow@icahn.mssm.edu

Licia K. Gaber-Baylis
lig3001@med.cornell.edu

Virginia Tangel
vit2010@med.cornell.edu

Andrew D. Fisher
adf9017@nyp.org

Zachary A. Turnbull
zat2002@med.cornell.edu

1 Department of Anesthesiology, New York Presbyterian
Hospital-Weill CornellMedicine, 525 East 68th Street, Box 124, New
York, NY 10065, USA

2 Department of Anesthesiology, Weill Cornell Medicine Center for
Perioperative Outcomes, 428 East 72nd Street, Ste 800A, New
York, NY 10021, USA

Journal of Racial and Ethnic Health Disparities (2018) 5:1202–1214
https://doi.org/10.1007/s40615-018-0467-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s40615-018-0467-0&domain=pdf
https://doi.org/10.1007/s40615-018-0467-0
mailto:rsw9006@nyp.org


Introduction

Total hip replacements (THRs) are the sixth most com-
mon surgical procedure performed in the USA, with an-
nual national spending exceeding $17 billion [1]. In 2011
alone, more than 305,000 THR surgeries were performed.
While THR is a routine procedure that provides a marked
improvement in the quality of life and return to function
for patients [2], it is not without risk [3]. Effective
healthcare and resource utilization may help reduce the
risk of morbidity and mortality associated with the proce-
dure, including reducing hospital readmissions [4].
Hospital readmission rates for THR are estimated at 4.0
to 10.9% and mean readmission costs vary between
$10,000 and $19,000 [4–10].

Readmission rates are influenced by the quality of inpatient
and outpatient care; differences in readmission rates suggest
differences in quality and transition of care [11]. Under the
Hospital Readmission Reduction Program (HRRP), a provi-
sion of the Affordable Care Act (ACA) enacted in Fiscal Year
2015, Medicare initiated the implementation of incentives to
reduce 30-day hospital readmissions for elective THR through
the use of penalties for hospitals with readmission rates that
exceed a risk-adjusted calculated national average [12–17].
The focus on readmission rates extends toMedicare’s bundled
payment system for orthopedic surgeries where participating
hospitals are accountable for total episode payments (initial
hospitalization and Medicare-covered services during 90 days
following discharge). This serves to highlight the importance
of hospitals identifying reasons for unplanned 30- and 90-day
readmissions and finding modifiable risk factors [18–20].

Previous research has identified clinical and non-clinical
risk factors associated with readmissions across various ortho-
pedic surgeries. These include increased age, a larger number
of patient comorbidities, longer postoperative length of stay,
having the procedure performed at a hospital with a low sur-
gical volume, and non-routine discharge status [5, 21–29].
Studies also show that not having private insurance and being
non-White may increase the likelihood of readmission after
orthopedic surgeries [5, 7]. However, these studies were lim-
ited to single institutions, limited geographic areas or single
states, or to exclusively Medicare populations [7, 21]. Few
studies have focused extensively on socioeconomic factors
affecting the risk of readmission in THR, and even fewer have
been dedicated to exploring readmission by insurance payer
status in THR surgeries specifically [7, 30, 31]. Research to
address disparities by these sociodemographic categories in
THR readmissions is necessary because of its status as one
of the most commonly performed procedures.

The present study used hospital discharge data from a mul-
tistate inpatient, all-payer database for California, Florida, and
New York for the years 2007–2011. We examined differences
in 30- and 90-day readmissions after THR by insurance payer,

race and ethnicity, and quartile of median income. We hypoth-
esized that patients’ socioeconomic characteristics, including
being on Medicaid or uninsured, having lower median in-
come, and being non-White, are all independently associated
with increased hospital readmissions after THR.

Methods

Study Database and Population

We examined retrospective inpatient hospitalization and dis-
charge records of adults aged 18 years or older using data from
California, Florida, and New York from January 2007 to
December 2011 from the State Inpatient Databases (SID),
Healthcare Cost and Utilization Project (HCUP), Agency for
Healthcare Research and Quality (AHRQ) [32]. The Weill
Cornell Medicine Institutional Review Board approved all
study activities; because the data used in this study was suffi-
ciently de-identified before analysis, this project was deemed
exempt from review by the IRB. The SID contains all inpa-
tient records, regardless of primary payer, from non-federal,
non-psychiatric hospitals, representing about 97% of all US
community hospital discharges [32]. Data is coded so each
inpatient hospital admission corresponds to one individual
record. SID data uses a unique discharge identifier,
VisitLink, to facilitate the linking of the initial inpatient ad-
mission to a subsequent readmission record and to provide
information on the postdischarge timing of readmission.
Readmissions are able to be identified if they occur in the
same state in which the THR occurred, irrespective of the
hospital to which the patient was readmitted. All HCUP data
are subject to quality control procedures to assess the validity
of values and their internal consistency [33].

Using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) procedure
codes, we retrospectively identified records for patients (aged
≥ 18 years) who underwent a THR (ICD-9-CM code 81.51).
Patients were excluded if they were aged < 18 years, had
missing data on gender, experienced inpatient mortality dur-
ing the index hospital stay, had missing information on hos-
pital length of stay (LOS) or days to readmission data, had
insufficient follow-up time, or lacked primary insurance status
information.

Variables and Endpoints

Variables abstracted for each admission include patient-, sur-
gical-, and hospital-related factors. Patient-related factors in-
clude demographic characteristics, comorbidities as noted by
ICD-9-CM present-on-admission (POA) indicators for each
diagnosis, procedure codes, postoperative complications, res-
idence in quartiles of median state household income,
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insurance status (or expected primary insurance payer), hos-
pital length of stay (LOS), admission and discharge dates, and
discharge disposition. POA indicators facilitate disentangling
preexisting medical comorbidities from perioperative compli-
cations. POA comorbidities were selected from the Elixhauser
comorbidity index [34]. Postoperative complications are de-
fined as medical diagnoses coded for a patient at hospital
discharge that occurred during their initial hospitalization for
THR surgery. Patients were grouped by insurance type (ex-
pected payer): Medicare (includes both fee-for-service and
managed care Medicare patients), Medicaid (includes both
fee-for-service and managed care Medicaid patients), unin-
sured (includes no charge reported or self-pay status), other
(includes Worker’s Compensation, CHAMPUS, CHAMPVA,
Title V, and other government programs), or private insurance
(includes Blue Cross/Blue Shield, commercial carriers, and
private HMOs and PPOs). Surgical and hospital-related fac-
tors include year and state in which the surgery was per-
formed, core based statistical area (CBSA) for the hospital,
and surgical volume for THR at each hospital.

Outcomes

The primary outcomes of our study were unadjusted rates and
adjusted odds of 30- and 90-day hospital readmissions. We
were specifically concerned with these outcomes for patients
as they varied across racial/ethnic and socioeconomic lines, as
measured by insurance payer, race and ethnicity, and median
income by geographic location. Secondary outcomes of our
study included reasons for readmissions, cohorted by insur-
ance type.

Statistical Analysis

Demographic characteristics and POA comorbidities were
compared for all patients who underwent THR by readmission
status for 30 and 90 days, respectively. Counts of patients
readmitted up to 90 days also included those who were admit-
ted up to 30 days postoperatively. Categorical variables were
compared using Pearson’s χ2 tests or Fisher’s exact tests; con-
tinuous variables were compared using analysis of variance
(ANOVA) or Kruskal-Wallis tests, for non-normally distribut-
ed variables, as appropriate.

To examine the effect of markers of racial and socioeco-
nomic disparities on readmissions, we conducted separate
multivariate logistic regression analyses for 30- and 90-day
readmissions, controlling for other demographic variables, co-
morbidities, postoperative complications, hospital LOS, dis-
charge disposition status, and other potential confounders.
Adjusted odds ratios (ORs) with robust 95% confidence inter-
vals were calculated. Models included variables with differ-
ences at an alpha level of 0.25 or below in bivariate analyses,
or variables selected a priori as potential confounders (age,

gender, race, median income, expected insurance payer, state
of surgery, year of surgery). Our multivariate regression
models were also rerun in a series of models with outcomes
of interest (30-, 90-day readmission) stratified by insurance
type, race/ethnicity, and median income, separately, to exam-
ine the independent associations of these social determinants
of health on outcomes when variables of interest are homoge-
neous among patients. Models were additionally stratified by
individual state (California, Florida, and New York) to ac-
count for the differences in access to and provisions of
Medicaid among individual states.

Additionally, we conducted multivariate logistic regression
models to restrict our analysis to only elective THR to account
for the newly instituted provision of the Affordable Care Act
(ACA), the Readmissions Reduction Program (HRRP), which
applies to elective procedures only [12–17]. Though our data
does not temporally coincide with the introduction of the
HRRP, the restricted analyses were used to identify risk fac-
tors specific to elective procedures [12]. California state data
did not indicate elective surgery and therefore analysis was
performed only for the states of Florida and New York.

We performed sensitivity analyses to account for any po-
tential unmeasured confounders that could cause specious
findings. Our models for 30- and 90-day readmissions were
separately re-estimated after removing the most statistically
significant covariate as measured by the Wald statistic (found
to be age in years for both models); as long as the originally
observed effect was not substantially attenuated (which would
be indicated by the estimated odds of each outcome being
reduced by less than 10%) and remained statistically signifi-
cant after re-estimation, the potential for specious results is
reduced, thus validating the findings of the original model
[3, 35].

Model assumptions of normality and linearity were
assessed graphically and statistically; goodness-of-fit testing
was performed.Model discrimination was evaluated using the
area under the receiver operating characteristics curve (AUC),
where AUC values of 0.5 indicate results equal to chance and
values of 1.0 indicate perfect discrimination between outcome
groups as measured with the C-statistic. All P values are two-
sided with statistical significance evaluated a priori at < 0.05
alpha level. Statistical tests and analyses were performed
using SAS version 9.3 (SAS Institute, Cary, NC).

Results

Patient and Hospital Characteristics

Patients Admitted up to 30 Days Postoperatively

During the 5-year study period from 2007 to 2011, a total of
297,103 patients underwent a THR in California, Florida, and
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New York, with 295,579 patients being ages ≥ 18 years old. A
total of 274,851 patients had non-missing primary insurance
payer and data on readmission status allowing for inclusion in
the analysis. Within 30 days, 15,273 (5.6%) patients were
readmitted, including 7.7% of Medicaid patients, 6.8% of
Medicare patients, and 3.5% of patients with private insur-
ance. After 30-day readmission, 271 patients (1.8%) died
inhospital. Table 1 shows results of the bivariate analysis for
patient demographic characteristics and POA comorbidities,
surgical- and hospital-related characteristics, and initial hospi-
tal stay characteristics compared by 30-day readmission
status.

Patients readmitted within 30 days were more likely to be
older, be Black or Hispanic, live in the poorest quartile of
median household income in their respective ZIP code, have
Medicare and Medicaid as insurance providers, and have
greater numbers of comorbidities as defined by the
Elixhauser index [34] than those not readmitted within
30 days. Their surgery was more likely to be emergent and
performed in hospitals with a low volume of annual THR
surgeries. Their initial hospital course was more likely to have
a longer length of stay and have greater total hospital charges
than those not readmitted up to 30 days postoperatively.
Additionally, readmitted patients were more likely to have
suffered cardiovascular, pulmonary, infectious, and intraoper-
ative complications during their initial postoperative
hospitalization.

The incidence of 30-day readmission was lowest in the
privately insured group, and as such, we compared the inci-
dence of specific POA reasons for readmission in other insur-
ance categories to private insurance. The most common rea-
sons for 30-day readmissions were wound infection (15.7%
Private insurance; 19.3% Uninsured), atrial fibrillation (5.9%
Private insurance; 18.4% Medicare), urinary tract infection
(6.3% Private insurance; 13.3% Medicare), and pneumonia
(3.4% Private insurance; 6.9% Medicare) (Table 2).

Patients Admitted up to 90 Days Postoperatively

Of the 274,851 patients aged ≥ 18 with non-missing insurance
payer and readmission variables who underwent surgery for
THR, 28,075 (10.2%) were readmitted within 90 days post-
operatively, including 14.5% of Medicaid patients, 11.9% of
Medicare patients, and 7.3% patients with private insurance.
After 90-day readmission, 432 (1.5%) died inhospital. Patient
demographics for those readmitted up to 90 days postopera-
tively were more likely to be on public insurance (Medicare/
Medicaid), older, live in geographic areas with poorer median
household incomes, be Black or Hispanic, have longer hospi-
tal lengths of stay, higher hospital charges, and be treated in
hospitals performing fewer THRs (Table 1).

The most common reasons for 90-day readmission com-
pared to private insurance were atrial fibrillation (5.5% Private

insurance; 16.9% Medicare), urinary tract infection (4.5%
Private insurance; 12.0% Medicare), wound infection (9.3%
Private insurance; 10.7% Other Insurance), and pneumonia
(2.7% Private insurance; 6.2% Medicare) (Table 2).

Multivariate Results

In multivariate logistic regression models (Table 3), patients
insured by Medicare (OR 1.23, 95% CI 1.17–1.29) and
Medicaid (OR 1.58, 95% CI 1.44–1.73) had higher likeli-
hoods of being readmitted up to 30 days postoperatively than
patients with private insurance. Similarly, patients insured by
Medicare (OR 1.20, 95% CI 1.16–1.25) and Medicaid (OR
1.52, 95% CI 1.42–1.62) also had higher likelihoods of being
readmitted up to 90 days postoperatively than patients with
private insurance.

Patients living in geographic areas with the highest median
household income values of their state were less likely to be
readmitted 30 and 90 days postoperatively than those living in
the poorest income quartiles of their state (30-day OR 0.89,
95% CI 0.85–0.94; 90-day OR 0.91, 95% CI 0.87–0.94,
Table 3). Blacks were more likely than Whites to be admitted
up to 30 and 90 days postoperatively (30-day OR 1.20, 95%
CI 1.11–1.29; 90-day OR 1.08, 95% CI 1.02–1.14). Patients
treated at hospitals in the highest quartile of THR surgery
volume in their state were also less likely to be readmitted
up to 30 days postoperatively (OR 0.76, 95% CI 0.72–0.80).
In addition, a larger number of POA comorbidities, longer
postoperative length of stay, and occurrence of cardiovascular,
pulmonary, intraoperative, and infectious complications post-
operatively were associated with increased odds of 30- and/or
90-day readmissions (Table 3).

Results from the series of exploratory stratified models
(stratified by insurance payer, race and ethnicity, and median
income) largely supported our initial findings; however, some
models were likely statistically underpowered due to small
subpopulation numbers.

Primary Insurance Payer Effects on Readmissions Medicare
and Medicaid insurance continued to be a predictor of 30-
day readmissions among Black and Hispanic populations, sa-
ve for Hispanic Medicaid patients at 30 days; White Medicare
and Medicaid patients also had higher odds of readmission
(Supplementary Table 1). The two government insurers also
predicted readmission by individual stratified quartile of me-
dian income, save for 30-day readmission in the highest in-
come quartile (Supplementary Table 2).

Median Income Effect on Readmissions Living in the highest
versus lowest quartile of median income was significantly
associated with a reduced rate of readmissions in patients with
Medicare and other types of insurance; however, this finding
was not observed in Medicaid patients living in the highest
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Table 1 Patient-specific characteristics, outcome measures from initial hospital stay, and hospital-specific characteristics of patients who were
readmitted in 30 or 90 days following total hip replacement

Characteristic 30-Day yes (%) 30-Day no (%) P value 90-Day yes (%) 90-Day no (%) P value

Patient-specific characteristics
Total 15,273 (5.6) 259,578 (94.4) 28,075 (10.2) 246,776 (89.8)
Age in years < 0.0001 < 0.0001
Mean (standard deviation) 69.62 (13.18) 66.03 (12.30) 68.39 (13.45) 65.98 (12.22)

Gender < 0.0001 < 0.0001
Male 6454 (42.3) 110,063 (42.4) 11,891 (42.4) 104,626 (42.4)
Female 8776 (57.5) 146,821 (56.6) 16,055 (57.2) 139,542 (56.5)
Missing 43 (0.3) 2694 (1.0) 129 (0.5) 2608 (1.1)

Race < 0.0001 < 0.0001
White 12,552 (82.2) 214,802 (82.8) 23,215 (82.7) 204,139 (82.7)
Black 1128 (7.4) 14,516 (5.6) 1954 (7.0) 13,690 (5.5)
Hispanic 910 (6.0) 13,808 (5.3) 1593 (5.7) 13,125 (5.3)
Asian or Pacific Islander 174 (1.1) 3465 (1.3) 312 (1.1) 3327 (1.3)
Native American 33 (0.2) 394 (0.2) 48 (0.2) 379 (0.2)
Other 280 (1.8) 4977 (1.9) 495 (1.8) 4762 (1.9)
Missing 196 (1.3) 7616 (2.9) 458 (1.6) 7354 (3.0)

Year < 0.0001 0.0007
2007 3177 (20.8) 49,892 (19.2) 5549 (19.8) 47,520 (19.3)
2008 3127 (20.5) 51,364 (19.8) 5728 (20.4) 48,763 (19.8)
2009 3260 (21.3) 55,305 (21.3) 6013 (21.4) 52,552 (21.3)
2010 3229 (21.1) 58,471 (22.5) 6105 (21.7) 55,595 (22.5)
2011 2480 (16.2) 44,546 (17.2) 4680 (16.7) 42,346 (17.2)

State < 0.0001 < 0.0001
California 5869 (38.4) 107,912 (41.6) 10,925 (38.9) 102,856 (41.7)
Florida 5369 (35.2) 76,424 (29.4) 9930 (35.4) 71,863 (29.1)
New York 4035 (26.4) 75,242 (29.0) 7220 (25.7) 72,057 (29.2)

Median household income state quartile for patient zip code—by quartile < 0.0001 < 0.0001
First quartile 3104 (20.3) 43,356 (16.7) 5535 (19.7) 40,925 (16.6)
Second quartile 3729 (24.4) 60,707 (23.4) 6870 (24.5) 57,566 (23.3)
Third quartile 3990 (26.1) 69,453 (26.8) 7363 (26.2) 66,080 (26.8)
Fourth quartile 4155 (27.2) 81,223 (31.3) 7753 (27.6) 77,625 (31.5)
Missing 295 (1.9) 4839 (1.9) 554 (2.0) 4580 (1.9)

Payer < 0.0001 < 0.0001
Medicare 10,556 (69.1) 144,139 (55.5) 18,444 (65.7) 136,251 (55.2)
Medicaid 700 (4.6) 8399 (3.2) 1320 (4.7) 7779 (3.2)
Private insurance 3608 (23.6) 98,289 (37.9) 7461 (26.6) 94,436 (38.3)
Other 326 (2.1) 6947 (2.7) 676 (2.4) 6597 (2.7)
Self-pay/no charge 83 (0.5) 1804 (0.7) 174 (0.6) 1713 (0.7)

Congestive heart failure < 0.0001 < 0.0001
871 (5.7) 5056 (1.9) 1479 (5.3) 4448 (1.8)

Valvular disease < 0.0001 < 0.0001
872 (5.7) 10,312 (4.0) 1480 (5.3) 9704 (3.9)

Pulmonary circulation disorders < 0.0001 < 0.0001
252 (1.6) 1575 (0.6) 413 (1.5) 1414 (0.6)

Peripheral vascular disorders < 0.0001 < 0.0001
687 (4.5) 5788 (2.2) 1160 (4.1) 5315 (2.2)

Hypertension, uncomplicated < 0.0001 < 0.0001
8656 (56.7) 137,618 (53.0) 15,698 (55.9) 130,576 (52.9)

Hypertension, complicated < 0.0001 < 0.0001
1267 (8.3) 10,233 (3.9) 2114 (7.5) 9386 (3.8)

Paralysis 0.0003 < 0.0001
47 (0.3) 465 (0.2) 95 (0.3) 417 (0.2)

Other neurological disorders < 0.0001 < 0.0001
682 (4.5) 5381 (2.1) 1173 (4.2) 4890 (2.0)

Chronic pulmonary disease < 0.0001 < 0.0001
2971 (19.5) 33,813 (13.0) 5288 (18.8) 31,496 (12.8)

Diabetes, uncomplicated < 0.0001 < 0.0001
2430 (15.9) 30,322 (11.7) 4267 (15.2) 28,485 (11.5)

Diabetes, complicated < 0.0001 < 0.0001
398 (2.6) 3130 (1.2) 644 (2.3) 2884 (1.2)

Hypothyroidism < 0.0001 < 0.0001
2168 (14.2) 33,505 (12.9) 3955 (14.1) 31,718 (12.9)

Renal failure < 0.0001 < 0.0001
1253 (8.2) 9710 (3.7) 2071 (7.4) 8892 (3.6)
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Table 1 (continued)

Characteristic 30-Day yes (%) 30-Day no (%) P value 90-Day yes (%) 90-Day no (%) P value

Liver disease < 0.0001 < 0.0001
274 (1.8) 2807 (1.1) 500 (1.8) 2581 (1.0)

Peptic ulcer disease
excluding bleeding

0.4010 0.9631

< 11 (0.1) 44 (0.0) < 11 (0.0) 43 (0.0)
AIDS/HIV 0.4496 0.0006

31 (0.2) 458 (0.2) 73 (0.3) 416 (0.2)
Lymphoma < 0.0001 < 0.0001

99 (0.6) 1030 (0.4) 177 (0.6) 952 (0.4)
Metastatic cancer < 0.0001 < 0.0001

188 (1.2) 871 (0.3) 310 (1.1) 749 (0.3)
Solid tumor without metastasis < 0.0001 < 0.0001

269 (1.8) 1973 (0.8) 467 (1.7) 1775 (0.7)
Rheumatoid arthritis/

collagen vascular diseases
< 0.0001 < 0.0001

794 (5.2) 10,609 (4.1) 1557 (5.5) 9846 (4.0)
Coagulopathy < 0.0001 < 0.0001

337 (2.2) 3234 (1.2) 590 (2.1) 2981 (1.2)
Obesity < 0.0001 < 0.0001

2156 (14.1) 32,354 (12.5) 3814 (13.6) 30,696 (12.4)
Weight loss < 0.0001 < 0.0001

129 (0.8) 827 (0.3) 240 (0.9) 716 (0.3)
Fluid and electrolyte disorders < 0.0001 < 0.0001

889 (5.8) 7890 (3.0) 1564 (5.6) 7215 (2.9)
Blood loss anemia < 0.0001 < 0.0001

129 (0.8) 1445 (0.6) 228 (0.8) 1346 (0.5)
Deficiency anemia < 0.0001 < 0.0001

1860 (12.2) 20,691 (8.0) 3354 (11.9) 19,197 (7.8)
Alcohol abuse < 0.0001 < 0.0001

324 (2.1) 3719 (1.4) 614 (2.2) 3429 (1.4)
Drug abuse < 0.0001 < 0.0001

199 (1.3) 1730 (0.7) 361 (1.3) 1568 (0.6)
Psychoses < 0.0001 < 0.0001

398 (2.6) 3908 (1.5) 740 (2.6) 3566 (1.4)
Depression < 0.0001 < 0.0001

1752 (11.5) 22,443 (8.6) 3288 (11.7) 20,907 (8.5)
Outcome measures from

initial hospital stay
Any complication < 0.0001 < 0.0001

1744 (11.4) 14,488 (5.6) 2935 (10.5) 13,297 (5.4)
Cardiovascular complications

grouped variable
< 0.0001 < 0.0001

579 (3.8) 3603 (1.4) 921 (3.3) 3261 (1.3)
Pulmonary complications

grouped variable
< 0.0001 < 0.0001

707 (4.6) 5722 (2.2) 1194 (4.3) 5235 (2.1)
Infectious complications

grouped variable
< 0.0001 < 0.0001

590 (3.9) 4199 (1.6) 964 (3.4) 3825 (1.5)
Intraoperative complication

grouped variable
< 0.0001 < 0.0001

146 (1.0) 1421 (0.5) 268 (1.0) 1299 (0.5)
Individual complications
Gastrointestinal complication

< 0.0001 < 0.0001

137 (0.9) 1241 (0.5) 231 (0.8) 1147 (0.5)
Length of stay < 0.0001 < 0.0001
Median (Q1; Q3) 4 (3; 5) 3 (3; 4) 3 (3; 5) 3 (3; 4)

Total charges in 2016 dollars < 0.0001 < 0.0001
Median (Q1; Q3) 69,471 (50,859; 96,862) 63,474 (47,539; 85,908) 68,767 (50,798; 95,573) 63,236 (47,399; 85,494)

Hospital-specific characteristics
Hospital procedure volume < 0.0001 < 0.0001
First quartile 4715 (30.9) 63,380 (24.4) 8305 (29.6) 59,790 (24.2)
Second quartile 3876 (25.4) 64,989 (25.0) 7118 (25.4) 61,747 (25.0)
Third quartile 3743 (24.5) 65,247 (25.1) 6964 (24.8) 62,026 (25.1)
Fourth quartile 2939 (19.2) 65,962 (25.4) 5688 (20.3) 63,213 (25.6)
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median income quartile, nor in patients with other insurance
(90 days only) (Supplementary Table 3). Additionally, resid-
ing in the highest versus lowest income quartile continued to
be a predictor for reduced risk of readmission for White and
Black patient populations individually at 30 days, and in a
White patient population at 90 days as well (Supplementary
Table 1).

Race and Ethnicity Effects on Readmissions Black patients
continued to have increased odds of readmission compared
to White patients among most insurance groups, except in
the populations with private insurance or the uninsured
(Supplementary Table 3). Hispanics were now found to have
higher odds of 30-day readmission in the Medicare-only pop-
ulation (compared to Whites), yet those with other types of
insurance had lower odds. The odds of readmission were
found to be significantly increased for Black patients com-
pared to White patients in the first quartile of median income
and at 30 days for the third quartile of median income
(Supplementary Table 2).

Our main results did not differ in separate multivariate sub-
analyses by state, by elective procedures only, or within our
sensitivity analysis omitting age (unpublished data).

Discussion

Using retrospective discharge data from the State Inpatient
Databases (SID) of California, Florida, and New York for
the years 2007–2011, we showed that markers of socioeco-
nomic, racial, and ethnic disparities resulted in increased odds
of 30- and 90-day hospital readmissions after THR.
Specifically, Blacks (as compared toWhites), living in an area
with a lower median income, and being on Medicaid (versus
private insurance) were all independently associated with
higher rates of readmission. This association remained signif-
icant after adjustment for patient demographic factors and
medical history, postoperative complications, initial hospital

length of stay, state, temporal, surgical, and hospital-related
factors, when our analysis was performed by stratification by
individual state and by a subgroup analysis of elective proce-
dures only (to account for the 2015 HRRP provision), and
when subjected to a sensitivity analysis to adjust for possible
missing confounders (unpublished data). Additionally, our
primary findings were compared to results from a series of
stratification models by individual social determinants of
health (insurance type, race/ethnicity, and median income lev-
el, separately) to help clarify independence, confounding, and
interdependence between these variables of interest.
Collectively, our results point to the robustness of our
findings.

Our findings are consistent with previous literature that has
identified race, ethnicity, and/or markers of socioeconomic
inequality as risk factors for broader healthcare disparities
and for hospital readmission after THR. As evidenced by
our statistical multivariate and stratified analyses, these factors
are all interconnected with confounding associations; this too
is reflected in the reviewed literature. According to the United
States Census Bureau, in 2015, insurance coverage among
different racial and ethnic groups was as follows: Whites
(93.3%), Blacks (88.9%), Asians (92.5%), and Hispanics
(83.8%) [36]. At 51.6%, Hispanics were also found to have
the lowest rate of private health insurance converge, compared
to Blacks (55.9%), Whites (73.6%), and Asians (75.5%) [36].
In addition, there is a persistent and growing gap in income
between racial groups, with the median income of Whites
being disproportionately higher than that of Blacks or
Hispanics [37].

Oronce et al. showed that Blacks and those with non-
private insurance had a greater incidence of 30-day
readmissions in California during the years 2009–2011 [7].
In a meta-analysis examining orthopedic surgeries, Bernatz
et al. found that in over 75% of the studies analyzed, patients
on Medicare or Medicaid (when compared to private insur-
ance) were more likely to be admitted up to 30 days postop-
eratively after THR [5]. Girotti et al. found that Black patients

Table 1 (continued)

Characteristic 30-Day yes (%) 30-Day no (%) P value 90-Day yes (%) 90-Day no (%) P value

Patient location: Core Based
Statistical Area (CBSA)

0.7983 0.7644

Non-CBSA 286 (1.9) 4973 (1.9) 532 (1.9) 4727 (1.9)
Micropolitan statistical area 764 (5.0) 13,033 (5.0) 1403 (5.0) 12,394 (5.0)
Metropolitan statistical area 14,208 (93.0) 241,247 (92.9) 26,111 (93.0) 229,344 (92.9)
Missing 15 (0.1) 325 (0.1) 29 (0.1) 311 (0.1)

Continuous variables analyzed using analysis of variance; categorical variables analyzed using Pearson chi-square test or Fisher exact test.

P values refer to comparisons between those readmitted and not

Mean (standard deviation)

Median (Quartile 1; Quartile 3)

Percents may not sum up to 100 due to rounding and missing values
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Table 2 Present on admission measures by primary payer status for patients who were readmitted in 30 or 90 days following total hip replacement

Characteristic Medicare Medicaid Private insurance Other Uninsured Overall P value

Total 154,695 (56.3) 9099 (3.3) 101,897 (37.1) 7273 (2.6) 1887 (0.7) 274,851 (100.0)
Total readmitted in 30 days 10,556 (69.1) 700 (4.6) 3608 (23.6) 326 (2.1) 83 (0.5) 15,273 (100.0)
30-Day readmission POA

pneumonia
< 0.0001

724 (6.9) 26 (3.7) 123 (3.4) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

atrial fibrillation
< 0.0001

1940 (18.4) 22 (3.1) 212 (5.9) 25 (7.7) < 11 (< 13.3)
30-Day readmission POA

atelectasis
0.0015

217 (2.1) < 11 (< 1.6) 39 (1.1) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

empyema
0.0539

< 11 (< 0.1) < 11 (< 1.6) < 11 (< 0.3) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

pleural
0.0189

162 (1.5) < 11 (< 1.6) 39 (1.1) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

pneumothorax
0.9438

< 11 (< 0.1) < 11 (< 1.6) < 11 (< 0.3) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

deep vein thrombosis
0.0014

812 (7.7) 49 (7.0) 351 (9.7) 29 (8.9) < 11 (< 13.3)
30-Day readmission POA

hypoxia
0.0135

198 (1.9) < 11 (< 1.6) 45 (1.2) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

myocardial infarction
0.0217

309 (2.9) 11 (1.6) 75 (2.1) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

stroke
< 0.0001

337 (3.2) 11 (1.6) 68 (1.9) < 11 (< 3.4) < 11 (< 13.3)
30-Day readmission POA

urinary tract infection
< 0.0001

1401 (13.3) 57 (8.1) 228 (6.3) 21 (6.4) < 11 (< 13.3)
30-Day readmission POA

wound
< 0.0001

1103 (10.4) 98 (14.0) 565 (15.7) 54 (16.6) 16 (19.3) 1836 (12.0)
Total readmitted in 90 days 18,444 (65.7) 1320 (4.7) 7461 (26.6) 676 (2.4) 174 (0.6) 28,075 (100.0)
90-Day readmission POA

pneumonia
< 0.0001

1150 (6.2) 48 (3.6) 201 (2.7) 18 (2.7) < 11 (< 6.3)
90-Day readmission POA

atrial fibrillation
< 0.0001

3117 (16.9) 40 (3.0) 410 (5.5) 36 (5.3) 11 (6.3) 3614 (12.9)
90-Day readmission POA

atelectasis
< 0.0001

311 (1.7) 13 (1.0) 60 (0.8) 11 (1.6) < 11 (< 6.3)
90-Day readmission POA

empyema
0.4305

< 11 (< 0.1) < 11 (< 0.8) < 11 (< 0.1) < 11 (< 1.6) < 11 (< 6.3)
90-Day readmission POA

pleural
< 0.0001

275 (1.5) < 11 (< 0.8) 67 (0.9) < 11 (< 1.6) < 11 (< 6.3)
90-Day readmission POA

pneumothorax
0.7595

11 (0.1) < 11 (< 0.8) < 11 (< 0.1) < 11 (< 1.6) < 11 (< 6.3)
90-Day readmission POA

deep vein thrombosis
0.0429

1277 (6.9) 64 (4.8) 512 (6.9) 44 (6.5) < 11 (< 6.3)
90-Day readmission POA hypoxia < 0.0001

321 (1.7) 14 (1.1) 73 (1.0) < 11 (< 1.6) < 11 (< 6.3)
90-Day readmission POA

myocardial infarction
< 0.0001

437 (2.4) 15 (1.1) 106 (1.4) 11 (1.6) < 11 (< 6.3)
90-Day readmission POA stroke < 0.0001

650 (3.5) 15 (1.1) 110 (1.5) 12 (1.8) < 11 (< 6.3)
90-Day readmission POA

urinary tract infection
< 0.0001

2214 (12.0) 80 (6.1) 335 (4.5) 29 (4.3) < 11 (< 6.3)
90-Day readmission POAwound < 0.0001

1336 (7.2) 117 (8.9) 693 (9.3) 72 (10.7) 21 (12.1) 2239 (8.0)

P values refer to comparisons between primary payer groups

Denominator for 30-day readmission reasons includes those who were readmitted by 30 days, likewise for 90 days
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Table 3 Risk-adjusted outcomes
among patients readmitted after
hip procedure: 30-day and 90-day
readmissions

Outcome 30-Day readmission 90-Day readmission

Payer status (reference, private insurance)
Medicare 1.23 (1.17–1.29)* 1.20 (1.16–1.25)*
Medicaid 1.58 (1.44–1.73)* 1.52 (1.42–1.62)*
Self-pay or no charge 0.98 (0.77–1.24) 0.99 (0.84–1.17)
Other 1.09 (0.97–1.23) 1.11 (1.02–1.21)*

Race (reference, White)
Black 1.20 (1.11–1.29)* 1.08 (1.02–1.14)*
Hispanic 1.05 (0.97–1.13) 0.96 (0.91–1.02)
Asian or Pacific Islander 0.83 (0.70–0.98)* 0.80 (0.70–0.91)*
Native American 1.54 (1.07–2.21)* 1.19 (0.87–1.61)
Other 0.96 (0.84–1.09) 0.90 (0.82–0.99)*
Missing 0.63 (0.53–0.75)* 0.68 (0.60–0.77)*

Median income level (reference, first quartile)
Second quartile 0.94 (0.90–0.99)* 0.97 (0.93–1.01)
Third quartile 0.94 (0.89–0.98)* 0.95 (0.92–0.99)*
Fourth quartile 0.89 (0.85–0.94)* 0.91 (0.87–0.94)*
Missing 0.96 (0.85–1.09) 1.00 (0.90–1.10)

Hospital procedure volume (reference, first quartile)
Second quartile 0.87 (0.83–0.92)* 0.92 (0.88–0.95)*
Third quartile 0.86 (0.82–0.90)* 0.91 (0.87–0.94)*
Fourth quartile 0.76 (0.72–0.80)* 0.82 (0.79–0.85)*

Age 1.01 (1.01–1.01)* 1.00 (1.00–1.00)*
Female 1.00 (1.00–1.00) 1.00 (1.00–1.00)
Year (reference, 2007)
2008 0.94 (0.89–0.99)* 1.00 (0.96–1.04)
2009 0.92 (0.87–0.97)* 0.98 (0.94–1.02)
2010 0.87 (0.83–0.92)* 0.95 (0.91–0.99)*
2011 0.87 (0.82–0.92)* 0.95 (0.91–0.99)*

State: California (reference, Florida)
California 0.89 (0.85–0.93)* 0.90 (0.87–0.93)*
New York 0.81 (0.78–0.85)* 0.75 (0.72–0.78)*

Congestive heart failure 1.53 (1.41–1.67)* 1.66 (1.55–1.78)*
Valvular disease 1.07 (0.99–1.16) 1.04 (0.98–1.10)
Pulmonary circulation disorders 1.29 (1.11–1.49)* 1.29 (1.14–1.46)*
Peripheral vascular disorders 1.33 (1.21–1.45)* 1.33 (1.24–1.43)*
Hypertension, uncomplicated 1.07 (1.03–1.11)* 1.08 (1.05–1.12)*
Hypertension, complicated 0.99 (0.87–1.14) 1.04 (0.94–1.16)
Paralysis 1.23 (0.89–1.70) 1.40 (1.10–1.79)*
Other neurological disorders 1.60 (1.47–1.74)* 1.57 (1.47–1.69)*
Chronic pulmonary disease 1.31 (1.26–1.37)* 1.31 (1.26–1.35)*
Diabetes, uncomplicated 1.17 (1.11–1.23)* 1.15 (1.11–1.20)*
Diabetes, complicated 1.45 (1.27–1.66)* 1.44 (1.29–1.60)*
Hypothyroidism 0.95 (0.90–0.99)* 0.97 (0.93–1.00)
Renal failure 1.46 (1.28–1.67)* 1.39 (1.25–1.55)*
Liver disease 1.35 (1.17–1.56)* 1.36 (1.22–1.52)*
Lymphoma 1.35 (1.08–1.68)* 1.35 (1.13–1.60)*
Metastatic cancer 2.11 (1.74–2.56)* 2.03 (1.73–2.39)*
Solid tumor without metastasis 1.42 (1.21–1.67)* 1.52 (1.34–1.73)*
Rheumatoid arthritis/collagen vascular diseases 1.18 (1.09–1.28)* 1.29 (1.22–1.37)*
Coagulopathy 1.19 (1.05–1.35)* 1.18 (1.07–1.30)*
Obesity 1.16 (1.10–1.23)* 1.07 (1.02–1.11)*
Weight loss 1.13 (0.91–1.39) 1.32 (1.12–1.57)*
Fluid and electrolyte disorders 1.19 (1.10–1.29)* 1.23 (1.15–1.30)*
Blood loss anemia 1.13 (0.93–1.37) 1.13 (0.97–1.32)
Deficiency anemia 1.10 (1.04–1.16)* 1.15 (1.10–1.20)*
Alcohol abuse 1.14 (1.00–1.29) 1.17 (1.06–1.29)*
Drug abuse 1.59 (1.35–1.88)* 1.51 (1.33–1.72)*
Psychoses 1.44 (1.28–1.62)* 1.46 (1.33–1.61)*
Depression 1.26 (1.19–1.33)* 1.30 (1.25–1.36)*
Length of stay 1.05 (1.04–1.05)* 1.06 (1.05–1.06)*
Total charges in 2016 dollars 1.00 (1.00–1.00)* 1.00 (1.00–1.00)*
Cardiovascular complication 1.41 (1.27–1.56)* 1.34 (1.23–1.46)*
Gastrointestinal complication 0.98 (0.80–1.19) 0.93 (0.80–1.10)
Infectious complication 1.14 (1.03–1.26)* 1.13 (1.04–1.23)*
Intraoperative complication 1.15 (0.95–1.39) 1.25 (1.08–1.45)*
Pulmonary complication 1.08 (0.98–1.18) 1.08 (1.00–1.16)*
Disposition (reference, routine)
Transfer to short-term hospital 2.01 (1.68–2.41)* 1.87 (1.61–2.17)*
Transfer to other, against medical advice, or destination unknown 1.45 (1.37–1.54)* 1.45 (1.38–1.52)*
Home healthcare 0.89 (0.83–0.94)* 0.93 (0.89–0.97)*

C-statistic 0.681 0.660

*P ≤ 0.05
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were significantly more likely to be readmitted after THR than
White patients [38]. Racial disparities have also been shown
to exist within Medicare enrollees after general surgery. Using
national Medicare data, Joynt et al. found that 30-day
readmissions were more likely with Black patients than that
with White patients and patients treated at hospitals primarily
serving racial minorities after hospitalization for myocardial
infarction, congestive heart failure, and pneumonia than with
White patients and patients treated at primarily non-minority
serving hospitals [30]. Tsai et al. found that among Medicare
beneficiaries, Black patients and patients served at a minority-
serving hospital had a greater rate of 30-day readmissions after
six major surgeries including THR [39]. In light of these find-
ings, government regulators must ensure that hospitals provid-
ing services to certain sociodemographic populations are not
disproportionately penalized due to HRRP or Medicare bun-
dled payment systems [7].

Though our primary results were not significant for in-
creased readmissions for members of the Hispanic ethnicity,
our stratified analysis by insurance type showedmixed results.
Hispanic patients have been found to undergo many different
surgical procedures at lower surgical volume hospitals com-
pared to White patients, which would suggest poorer out-
comes [40, 41]; however, Adelani et al. found no significant
disparity in readmissions after hip arthroplasty when adjusting
for hospital surgical volume, which corroborates our reported
findings [42]. Our findings are also in line with previous or-
thopedic literature that has shown mixed results concerning
disparities in outcome measures for Hispanic patients [42, 43].

To our knowledge, our study features the most current-
ly available and up-to-date data on disparities in 30- and
90-day readmissions after THR. We included 274,851 pa-
tients from three states in our multivariate logistic regres-
sion models; the population of these states collectively
represents 24.6% of the US population [44]. Prior re-
search focused on healthcare disparities and readmissions
after THR as a primary or well-defined outcome only
included single institutions or hospital systems, single
states, or only the Medicare patient population [7, 21].
In addition to our primary findings, we found that patient
age, medical comorbidities, postoperative course (as mea-
sured by LOS and complications), and hospital procedure
volume were found to be important predictors of hospital
readmissions in our models. The most common reasons
for hospital readmissions in our dataset population were
infection (surgical site infection, pneumonia, UTI) and
medical complications (atrial fibrillation and DVT).
These findings replicate previous studies identifying risks,
factors, and reasons for hospital readmission after THR
[5, 45, 46].

Our results show that markers of racial, ethnic, and
socioeconomic disparities were associated with an in-
crease in both 30- and 90-day readmissions. The increased

rates of readmissions for Blacks, patients living in poorer
areas, and patients on Medicaid serve as markers of the
continuing and persistent disparities in healthcare quality
[3, 31, 47–49].

Previous research has identified preoperative, intraoper-
ative, and postoperative examples of disparities in health
status and care provided to minority and socioeconomical-
ly disadvantaged patients [3, 47–49]. Non-Whites have
been shown to have more comorbidities [50], and those
on Medicaid or not insured have difficulties accessing care,
including undergoing surgery at low-quality and high-cost
hospitals [51, 52]. Intraoperatively, Black patients and
those insured with Medicaid are less likely to be treated
with neuraxial anesthesia [53, 54], a clinical technique
shown to result in improved postoperative outcomes
[55–58]. Postoperatively, racial minorities have been
shown to be undertreated for pain [59], have barriers to
accessing pain management specialists [60], and receive
less postacute rehabilitation care than Whites [61].

The analysis of sociodemographic disparities is an im-
perative in research, especially because many studies of
orthopedic surgeries assessing predictors of patient-related
outcomes often fail to even analyze race, ethnicity, or insur-
ance payer status [62]. Programs to ameliorate healthcare
disparities among racial, ethnic, and socioeconomic groups
and thus optimizing the level of care provided should be
implemented. Targeted initiatives to decrease global read-
mission rates for THR should be enacted, addressing mod-
ifiable risk factors and channeling patients to undergo sur-
gery in high-volume surgical centers or Centers for
Excellence. While some research has indicated that these
readmission reduction initiatives may not be effective for
patients after THR with an even less benefit for socioeco-
nomically disadvantaged patients [63], more research needs
to be performed to identify potential mechanisms for these
discrepancies [64, 65].

There are important limitations to our study, which must be
addressed to provide important context for the interpretation
of our results [3]. One limitation of this study is the confound-
ing nature between patient comorbidities (POA indicators)
and postsurgical outcomes. Despite our best efforts to account
for these differences through statistical adjustment, the con-
founding and mediating effect of a patient’s medical history
cannot be understated. Research has shown that Medicaid
beneficiaries are poorer, have poorer health profiles, and have
greater risk factors, including THR preoperative risk factors,
compared to the privately insured [51, 52, 66, 67].

Moreover, the accuracy of an administrative dataset is reli-
ant upon complete and accurate clinical coding. The potential
exists for coding errors, including miscoded and misclassified
data. Variables lacking coding of relevant qualitative clinical
data prevents grading of severity of comorbidities or adverse
perioperative outcomes. Intraoperative data is not available in
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the HCUP dataset and therefore the choice of anesthetic can-
not be elicited. There are no patient identifiers in the SID
database. Follow-up postdischarge can only be performed
for patients who are readmitted to the hospital within the same
state of patient discharge; events occurring outside the hospital
or in hospitals in other states cannot be followed or analyzed.
As a result, longitudinal follow-up for non-admitted patients
and patients admitted to out of state hospitals was not possible
and we could not assess some postdischarge outcomes; such a
methodology may underestimate the rate of adverse outcomes
after THR.

A major strength of this study is its statistical power
achieved through analysis of a large number of patient re-
cords. This allows for statistical means to control for a sub-
stantial range of potentially confounding patient and non-
patient variables. The use of the HCUP administrative datasets
provides data that is widely generalizable across hospitals and
insurance payer types and the resultant findings are not re-
stricted to specialized, experienced Centers of Excellence only
(likewise as a limitation, findings from administrative data-
base research may not be directly applicable to individual
institutions or centers of care).

The present study has shown that patients with Medicaid
insurance, Black patients, and patients living in geographic
areas with household median incomes in the poorest quartile
of the state have higher unadjusted and adjusted odds of 30-
and 90-day readmissions. Cautionmust be used in interpreting
our results because they show only associations; causality is
not to be inferred. Future research should focus on further
defining the problem of racial, ethnic, and socioeconomic dis-
parities in readmissions after THR and helping to better iden-
tify and implement strategies to lessen their incidence.
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