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A Preoperative Scale for Determining Surgical Readmission
Risk After Total Hip Replacement
Brianna L. Siracuse, BS; Ronald S. Chamberlain, MD, MPA

IMPORTANCE Total hip replacement is a commonly performed orthopedic procedure for the
treatment of painful arthritis, osteonecrosis, or fracture.

OBJECTIVE To develop and verify a scale for predicting readmission rates for total hip
replacement patients and allow for the development and implementation of readmission
risk-reduction strategies.

DESIGN, SETTING, AND PARTICIPANTS Discharge data on 268 518 patients from New York and
California (derivation cohort) and 153 560 patients from Florida and Washington (validation
cohort) were collected from the State Inpatient Database, a part of the Healthcare Cost and
Utilization Project of the Agency for Healthcare Research and Quality (2006-2011). Analysis
of the derivation cohort was performed in July 2013 and analysis of the validation cohort was
performed in August 2014. Demographic and clinical characteristics of patients undergoing
total hip replacement were abstracted. The Readmission After Total Hip Replacement Risk
Scale was developed to predict readmission risk.

MAIN OUTCOME AND MEASURE Readmission rate.

RESULTS Of the 268 518 patients from New York and California (derivation cohort), 151 009
(56.2%) were women and 216 477 (80.6%) were white. Of the 153 560 patients from Florida
and Washington (validation cohort), 86 534 (56.3%) were women and 120 591 (78.5%) were
white. Overall 30-day readmission rate was 5.89% for the derivation cohort and 5.82% for
the validation cohort. Readmission rates for men and women were 5.79% and 6.08% for the
derivation cohort (odds ratio [OR], 1.05; 95% CI, 1.02-1.09) and 5.80% and 5.84% for the
validation cohort (OR, 0.99; 95% CI, 0.95-1.04), respectively. The following were all
determined to be associated with increased risk of readmission after total hip replacement:
being older than 71 years (OR, 1.83; 95% CI, 1.77-1.89), African American (OR, 1.23; 95% CI,
1.15-1.31), and in the lowest income quartile (OR, 1.18; 95% CI, 1.12-1.24); revision replacement
(OR, 1.82, 95% CI, 1.75-1.90); liver disease (OR, 1.57; 95% CI, 1.39-1.77); congestive heart
failure (OR, 1.49; 95% CI, 1.38-1.61); chronic pulmonary disease (OR, 1.33; 95% CI, 1.27-1.39);
renal failure (OR, 1.26; 95% CI, 1.18-1.36); diabetes (OR, 1.21; 95% CI, 1.16-1.27); fluid and
electrolyte disorder (OR, 1.21; 95% CI, 1.14-1.27); anemia (OR, 1.19; 95% CI, 1.15-1.25);
rheumatoid arthritis (OR, 1.19; 95% CI, 1.10-1.29); coagulopathy (OR, 1.19; 95% CI, 1.08-1.32);
hypertension (OR, 1.17; 95% CI, 1.12-1.21); and obesity (OR, 1.15; 95% CI 1.09-1.21). They were
used to create the Readmission After Total Hip Replacement Risk Scale, which was applied to
the validation cohort and explained 89.1% of readmission variability in that cohort.

CONCLUSIONS AND RELEVANCE Data derived from patients in the New York and California
State Inpatient Database were reliably able to explain readmission variability for patients in
the Florida and Washington State Inpatient Database at a rate of 89.1% based on known
preoperative risk factors. Risk-stratification models, such as the Readmission After Total Hip
Replacement Risk Scale, can identify high-risk patients for readmission and permit
implementation of patient-specific readmission-reduction strategies to reduce readmissions
and health care expenditures.
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T otal hip replacement (THR) is the most common ortho-
pedic procedure performed in the United States to treat
patients experiencing hip arthritis, osteonecrosis, or

fracture to reduce pain and improve function.1-3 Approxi-
mately 345 860 total or revision hip replacements were per-
formed in the United States in 2013.4 The number of total or
revision hip replacements performed annually has increased
exponentially, from 159 580 in 1993 to 343 095 in 2012.4 The
rapidly growing arthritic aging and obese population, along
with the expansion of health insurance access, has further in-
creased the need for THR.5-7 Ellimoottil et al8 demonstrated
that insurance reform in Massachusetts in 2007 led to a 9.3%
increase in discretionary surgery, including THR, and similar
increases are to be expected with the implementation of the
Affordable Care Act. The number of primary and revision hip
replacements is estimated to exceed 668 700 by 2030 if these
trends continue.9,10

In 2012, US health care costs approximated $2.8 trillion,
accounting for 17.2% of the gross domestic product, com-
pared with $260 billion and 9.18% of the gross domestic prod-
uct in 1980.11 If these trends continue, health care spending
could reach 30% of the gross domestic product by 2040.12

Charges for primary and revision hip replacements were $9.9
billion in 2009 and were projected to exceed $25 billion by
2015.5 Current US health care spending exceeds all other coun-
tries in the world, but ranks 37th in performance, demonstrat-
ing no benefits in quality of care.13 Other countries provide
better health care at a fraction of the cost, leaving the United
States with the difficult task of simultaneously reducing spend-
ing while improving quality.

In 2010, President Barack Obama signed the Affordable
Care Act,14 which contained the Hospital Readmissions Re-
duction Program. Beginning in 2012, this program imposes fi-
nancial penalties for excess readmissions for specific proce-
dures and diagnoses.15 The initial program aimed to reduce
readmissions for heart failure, pneumonia, and acute myo-
cardial infarction. Strict penalties were imposed for failing to
reduce readmission rates in an attempt to reduce the 25% of
annual Centers for Medicare and Medicaid Services budget
spent on inpatient care costs. In 2015, the program expanded
to include THR.

In 2004, nearly 1 in 5 Medicare beneficiaries was readmit-
ted within 30 days of discharge, costing approximately $17.5
billion.16-19 Previous studies reported 30-day readmission rates
for THR patients as 3.5% to 8.5%.18,20-23 Studies have identi-
fied advanced age, comorbid diseases, male sex, African Ameri-
can race, obesity, lower income status, and revision proce-
dures as specific risk factors for readmission.1,2,17,23-30 Given
the wide range of published THR readmission rates, conflict-
ing reports on factors affecting readmission risk, and pend-
ing reduced reimbursements for excessive readmissions, it is
imperative to understand readmission risk and develop read-
mission-reduction strategies.

This study sought to evaluate a large, population-based
state database to calculate prevalence and outcomes of THR
over a 6-year period to identify specific factors associated with
readmissions and to create a scale that could reliably stratify
preoperative readmission risk. The scale was then validated

on a separate and distinct patient cohort to determine its
predictability and accuracy to assess an individual’s risk for
readmission and allow for implementation of risk-reduction
strategies.

Methods
Discharge data for 39 667 498 patients from New York and Cali-
fornia and 19 472 544 patients from Florida and Washington
were obtained from the 2006 to 2011 State Inpatient Data-
base (SID), a part of the Healthcare Cost and Utilization Proj-
ect of the Agency for Healthcare Research and Quality. Insti-
tutional review board approval (#13-36) was obtained from
Saint Barnabas Medical Center’s institutional review board prior
to review. Because this was a retrospective study using the SID,
patient consent was not obtained.

Data on patients who had undergone total hip replace-
ment (International Classification of Diseases, Ninth Revision
code 815.1) or revision hip replacement (International Classi-
fication of Diseases, Ninth Revision codes 815.3, 00.70, 00.71,
00.72, and 00.73) as a primary procedure were abstracted. Pa-
tients with a diagnosis of femur or acetabulum fracture, those
younger than 20 years, and those with a missing identifier vari-
able used to track repeated visits were excluded from this study
(eFigure 1 in the Supplement). Demographic and clinicopatho-
logic factors associated with 30-day THR readmission in
previous literature were abstracted including age group (in
10-year increments starting at 21 years to facilitate applica-
tion of the scale), sex, race/ethnicity, income quartile, type of
procedure (primary or revision), hospital length of stay (LOS),
discharge location, material used for bearings, readmission sta-
tus and diagnosis, and presence of comorbidities (including
rheumatoid arthritis, obesity, hypertension, diabetes melli-
tus, chronic pulmonary disease, anemia, renal failure, fluid and
electrolyte disorder, congestive heart failure, coagulopathy, and
liver disease).1,2,17,23-30

Readmission status was determined based on a differ-
ence of 30 days or less between the initial procedure date and
any subsequent inpatient visits. Visits were then screened to

Key Points

Question: What factors are associated with readmission following
total hip replacement and how can physicians reliably stratify
preoperative risk factors to identify high-risk patients?

Findings: A total of 268 518 hip replacement patients from the
State Inpatient Database were analyzed, and factors associated
with an increased risk of readmission were used to create the
Readmission After Total Hip Replacement Risk Scale. The
Readmission After Total Hip Replacement Risk Scale was applied
to a validation cohort of 153 560 total hip replacement patients
and predicted readmission risk with 89.1% accuracy.

Meaning: Risk-stratification models, such as the Readmission After
Total Hip Replacement Risk Scale, identify high-risk patients,
permitting implementation of patient-specific
readmission-reduction strategies to reduce readmissions
and overall health care expenditures.

Research Original Investigation Surgical Readmission Risk After Total Hip Replacement

702 JAMA Surgery August 2016 Volume 151, Number 8 (Reprinted) jamasurgery.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2016.0020&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.0020
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.0020


Copyright 2016 American Medical Association. All rights reserved.

exclude any primary diagnosis indicating a follow-up of un-
related procedures or a follow-up of rehabilitation for joint re-
placement, diagnoses not indicative of a complication from the
initial THR. Complication rate data were extracted using In-
ternational Classification of Diseases, Ninth Revision codes
(eTable 1 in the Supplement).

Statistical analysis was performed using χ2 tests, and uni-
variate analysis was performed using binary logistic regres-
sion. A P value of less than .01 was considered statistically sig-
nificant. Multivariate logistic regression analysis assessed
factors determined to be statistically significant in univariate
analysis. Odds ratios (ORs) and 95% CIs were calculated to de-
termine strength of association within each subgroup. Data
analysis was performed using SAS statistical software, ver-
sion 9.3 (SAS Institute, Inc).31 As per SID reporting guidelines,
values below 10 were not reported.

Variables with an OR of 1.1 or greater and a P value of less
than .01 for the study population from New York and Califor-
nia (derivation cohort) were deemed significantly associated
with readmission after THR and were used to construct the Re-
admission After Total Hip Replacement Risk (RATHRR) Scale.
These values were chosen a priori in an attempt to avoid giv-
ing too much weight to any factors. Scores for each OR were
calculated using the following formula:

(OR−1/Σ[OR−1])×100%

and then calibrated to a 100-point scale to facilitate use by
health care physicians (Table 1). To validate the scale, a
RATHRR Scale score was generated for patients in a study popu-
lation from Florida and Washington (validation cohort) and lin-
ear regression was performed to determine the fit of the
RATHRR Scale to an independent data set. The RATHRR Scale
was only applied to individuals without missing variables. Lin-
ear regression was performed on the graph of percentage of
patients readmitted vs RATHRR score so a 1-point increase in
score could be quantified easily and so physicians would be
able to compare their patients’ scores with the national stan-
dard set by the Centers for Medicare and Medicaid Services.
The goal was to create a scale that would have an R2 value of
at least 0.80 in the validation cohort.

Results
Demographics and Clinicopathological Data
A total of 268 518 patients from the derivation cohort and
153 560 patients from the validation cohort were identified in
the SID between 2006 and 2011 to have undergone either pri-
mary or revision total hip replacement. Clinicopathological
characteristics for the derivation and validation cohorts are de-
tailed in Table 2 and eTable 2 in the Supplement, respec-
tively. Demographic and clinicopathological distributions for
both populations were similar. In the validation cohort, 86.8%
(n = 133 229) of patients underwent primary THR, while 13.2%
(n = 20 331) underwent revision THR. Most THRs were per-
formed in patients aged 61 to 70 years (n = 44 471 [29.0% of
the validation cohort]). The mean (SD) age for primary THR pa-
tients in the validation cohort was 66.4 (12.1) years. For revi-

sion THR patients, the mean (SD) age was 68.3 (13.3) years in
the validation cohort. In both populations, women made up
56% of the population (n = 86 534 in the validation cohort). The
greatest sex difference was observed among patients older than
91 years (male:female, 1:2.98 [derivation cohort] and 1:2.28
[validation cohort]). Total hip replacement rates among all age
groups increased over the 6-year study period. Among the vali-
dation cohort, 78.5% (n = 120 591) were white, 4.56% (n = 6998)
were African American, and 4.89% (n = 7508) were identi-
fied as other race/ethnicity. Two hundred seventy-three (0.18%)
patients in the validation cohort died during initial hospital-
ization. The most common comorbidities were hypertension
(59.2% of the validation cohort, n = 90 843), anemia (21.9% of
the validation cohort, n = 33 646), and chronic pulmonary dis-
ease (14.0% of the validation cohort, n = 21 502). Length of stay
increased as patient age increased in both populations, with
more than 21% of patients older than 91 years requiring a stay
of more than 7 days, whereas less than 15% of patients re-
quired a stay of more than 7 days in all other age groups.

Readmissions
Figure 1 details readmission rates for each demographic and
clinicopathological characteristic in the derivation cohort. The
overall readmission rate for this population was 5.89%. The
validation cohort’s readmission rates for demographic and

Table 1. Components of the RATHRR Score

Component Point Value
Age, y

41-50 0

51-60 0

61-70 0

71-80 6

81-90 14

≥91 18

Income

First quartile 3

African American 3

Revision procedure 12

Comorbidities

Liver disease 8

Congestive heart failure 7

Chronic pulmonary disease 5

Renal failure 4

Diabetes, uncomplicated 3

Fluid and electrolyte disorder 3

Anemiaa 3

Rheumatoid arthritis 3

Coagulopathy 3

Hypertension 3

Obesity 2

Maximum scoreb 100

Abbreviation: RATHRR, Readmission After Total Hip Replacement Risk.
a Anemia combines chronic blood loss anemia and iron deficiency anemia.
b Scores with greater than 0.46 in the decimal place were rounded up to the

next whole number in the creation of the 100-point scale.
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Table 2. Demographic and Comorbidities Data Involving 268 518 Total Hip Replacement Patients of Derivation Cohort

Characteristic

No. (%)

2006 2007 2008 2009 2010 2011 Total (%)
Total 41 537 41 703 42 517 45 421 47 682 49 658 268 518

Age, y

21-30 261 (0.63) 283 (0.68) 272 (0.64) 250 (0.55) 271 (0.57) 291 (0.59) 1628 (.61)

31-40 912 (2.20) 824 (1.98) 792 (1.86) 810 (1.78) 795 (1.67) 836 (1.68) 4969 (1.85)

41-50 4436 (10.7) 4085 (9.80) 3904 (9.18) 3936 (8.67) 4133 (8.67) 4153 (8.36) 24 647 (9.18)

51-60 9043 (21.8) 8863 (21.3) 9052 (21.3) 9924 (21.9) 10 589 (22.2) 11 466 (23.1) 58 937 (22.0)

61-70 10 523 (25.3) 11 052 (26.5) 11 753 (27.6) 13 275 (29.2) 14 326 (30.0) 15 375 (31.0) 76 304 (28.4)

71-80 11 215 (27.0) 11 234 (26.9) 11 175 (26.3) 11 456 (25.2) 11 888 (24.9) 11 928 (24.0) 68 896 (25.7)

81-90 4912 (11.8) 5112 (12.3) 5340 (12.6) 5500 (12.1) 5434 (11.4) 5336 (10.8) 31 634 (11.8)

≥91 235 (0.57) 250 (0.60) 229 (0.54) 270 (0.59) 246 (0.52) 273 (0.55) 1503 (0.56)

Sex

Male 17 658 (42.5) 17 844 (42.8) 17 897 (42.1) 19 162 (42.2) 20 262 (42.5) 20 961 (42.2) 113 784 (42.4)

Female 23 162 (55.8) 23 218 (55.7) 23 987 (56.4) 25 672 (56.5) 26 836 (56.3) 28 134 (56.7) 151 009 (56.2)

Race/ethnicity

White 33 333 (80.2) 33 274 (79.8) 34 531 (81.2) 36 891 (81.2) 38 770 (81.3) 39 678 (79.9) 216 477 (80.6)

African American 2172 (5.23) 2290 (5.49) 2344 (5.51) 2688 (5.92) 2818 (5.91) 2788 (5.61) 15 100 (5.62)

Other 3881 (9.34) 4220 (10.1) 4075 (9.58) 4320 (9.51) 4550 (9.54) 5670 (11.4) 26 716 (9.95)

Income quartile

First 6410 (15.4) 6582 (15.8) 6764 (15.9) 7104 (15.6) 7525 (15.8) 7660 (15.4) 42 045 (15.7)

Second 9153 (22.0) 9190 (22.0) 9415 (22.1) 10 278 (22.6) 10 462 (21.9) 10 920 (22.0) 59 418 (22.1)

Third 11 570 (27.9) 11 365 (27.3) 11 633 (27.4) 12 140 (26.7) 12 899 (27.1) 13 769 (27.7) 73 376 (27.3)

Fourth 13 562 (32.7) 13 712 (32.9) 13 910 (32.7) 15 036 (33.1) 15 859 (33.3) 16 307 (32.8) 88 386 (32.9)

Type of procedure

Primary 35 833 (86.3) 35 958 (86.2) 36 895 (86.8) 39 644 (87.3) 41 740 (87.5) 42 891 (86.4) 232 961 (86.8)

Revision 5704 (13.7) 5745 (13.8) 5622 (13.2) 5777 (12.7) 5942 (12.5) 6767 (13.6) 35 557 (13.2)

Comorbidities

Rheumatoid arthritis 1646 (3.96) 1681 (4.03) 1615 (3.80) 1764 (3.88) 1827 (3.83) 1973 (3.97) 10 506 (3.91)

Obesity 4394 (10.6) 4703 (11.3) 5930 (14.0) 6282 (13.8) 6977 (14.6) 7461 (15.0) 35 747 (13.3)

Hypertension 22 780 (54.8) 23 489 (56.3) 24 232 (57.0) 25 927 (57.1) 27 482 (57.6) 28 360 (57.1) 152 270 (56.7)

Diabetes, uncomplicated 4384 (10.6) 4700 (11.3) 4773 (11.2) 5251 (11.6) 5501 (11.5) 5684 (11.5) 30 293 (11.3)

Chronic pulmonary disease 5353 (12.9) 5491 (13.2) 5613 (13.2) 6176 (13.6) 6616 (13.9) 6900 (13.9) 36 149 (13.5)

Anemiaa 6688 (16.1) 7079 (17.0) 7478 (17.6) 7322 (16.1) 7556 (15.9) 7918 (16.0) 44 041 (16.4)

Renal failure 1069 (2.57) 1263 (3.03) 1511 (3.55) 1783 (3.93) 1945 (4.08) 2257 (4.55) 9828 (3.66)

Fluid and electrolyte disorder 2749 (6.62) 2828 (6.78) 3013 (7.09) 3477 (7.66) 3846 (8.07) 4144 (8.35) 20 057 (7.47)

Congestive heart failure 1138 (2.74) 1082 (2.59) 1070 (2.52) 1090 (2.40) 1100 (2.31) 1176 (2.37) 6656 (2.48)

Coagulopathy 572 (1.38) 613 (1.47) 695 (1.63) 916 (2.02) 1130 (2.37) 1356 (2.73) 5282 (1.97)

Liver disease 475 (1.14) 453 (1.09) 553 (1.30) 642 (1.41) 693 (1.45) 733 (1.48) 3549 (1.32)

Length of stay, d

≤2 4300 (10.35) 4911 (11.8) 6020 (14.2) 7825 (17.2) 9864 (20.7) 12 023 (24.2) 44943 (16.7)

3 16 056 (38.7) 17 802 (42.7) 18 746 (44.1) 21 063 (46.4) 22 463 (47.1) 23 159 (46.6) 119 289 (44.4)

4 10 927 (26.3) 9740 (23.4) 9122 (21.5) 8449 (18.6) 7965 (16.7) 7515 (15.1) 53 718 (20.0)

5 4367 (10.5) 3721 (8.92) 3345 (7.87) 3252 (7.16) 2928 (6.14) 2672 (5.38) 20 285 (7.55)

6 2187 (5.27) 1966 (4.71) 1835 (4.32) 1663 (3.66) 1529 (3.21) 1429 (2.88) 10 609 (3.95)

≥7 3700 (8.91) 3563 (8.54) 3449 (8.11) 3169 (6.98) 2933 (6.15) 2860 (5.76) 19 674 (7.33)

Mortalities during procedure stay 74 (0.18) 76 (0.18) 91 (0.21) 72 (0.16) 82 (0.17) 66 (0.13) 461 (0.17)

Discharge location

Home 8145 (19.6) 8135 (19.5) 8424 (19.8) 8977 (19.8) 9411 (19.7) 9943 (20.0) 53 035 (19.8)

Short term hospital 273 (0.66) 150 (0.36) 306 (0.72) 292 (0.64) 271 (0.57) 278 (0.56) 1570 (0.58)

Rehabilitation center/SNF 17 574 (42.3) 17 291 (41.5) 17 327 (40.8) 18 179 (40.0) 18 351 (38.5) 18 511 (37.3) 107 233 (39.9)

Home health care 15 341 (36.9) 15 953 (38.3) 16 297 (38.3) 17 836 (39.3) 19 525 (41.0) 20 829 (42.0) 105 781 (39.4)

Other 198 (0.48) 173 (0.41) 153 (0.36) 125 (0.28) 123 (0.26) 91 (0.18) 863 (0.32)

(continued)
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clinicopathological characteristics are detailed in eFigure 2
in the Supplement. The overall readmission rate among this
cohort was 5.82%, with readmission rates highest among
patients older than 91 years (14.8%; OR, 3.18; 95% CI, 2.64-
3.82), those undergoing a revision THR (10.7%; OR, 2.24;

95% CI, 2.13-2.36), and patients with congestive heart failure
(14.6%; OR, 2.88; 95% CI, 2.63-3.16) or renal failure (11.9%;
OR, 2.28; 95% CI, 2.10-2.47) on univariate analysis.

The most common reasons for readmission were pros-
thetic complications (12.9%, n = 4590) and surgical site infec-

Figure 1. Readmission Rates by Demographic and Clinicopathological Characteristic Among Total Hip
Replacement Patients of Derivation Cohort

1 2 3 4 5 6 7 8 9 10 11 12 13 140

Readmission Rate, %

Total population

Female

Male

White

African American

Other race/ethnicity

21-30 y

31-40 y

41-50 y

51-60 y

61-70 y

71-80 y

81-90 y

≥91 y

First quartile

Second quartile

Third quartile

Fourth quartile

Primary

Revision

Obesity

Hypertension

Rheumatoid arthritis

Anemia

Diabetes

Chronic pulmonary disease

Fluid and electrolyte disorder

Coagulopathy

Congestive heart failure

Liver disease

Renal failure

Table 2. Demographic and Comorbidities Data Involving 268 518 Total Hip Replacement Patients of Derivation Cohort (continued)

Characteristic

No. (%)

2006 2007 2008 2009 2010 2011 Total (%)
Material used

Metal-on-polyethylene 9506 (22.9) 8985 (21.5) 9612 (22.6) 10 332 (22.7) 11 886 (24.9) 13 039 (26.3) 63 360 (23.6)

Metal-on-metal 5856 (14.1) 7223 (17.3) 7093 (16.7) 6771 (14.9) 5329 (11.2) 3603 (7.26) 35 875 (13.4)

Ceramic-on-ceramic 2245 (5.40) 1322 (3.17) 1020 (2.40) 857 (1.89) 1052 (2.21) 728 (1.47) 7224 (2.69)

Ceramic-on-polyethylene 455 (1.10) 2186 (5.24) 2481 (5.84) 3181 (7.00) 4358 (9.14) 5900 (11.9) 18 561 (6.91)

Abbreviation: SNF, skilled nursing facility.
a Anemia combines chronic blood loss anemia and iron deficiency anemia.
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tions (12.8%, n = 4560) (eTable 3 in the Supplement). The most
common complication among patients younger than 65 years
was surgical site infection (17.2%), while those older than 65
years most often presented with prosthetic complications
(13.3%).

Univariate Analysis
On univariate analysis of the derivation cohort, all analyzed
variables significantly affected readmission rates. Odds ra-
tios and 95% CIs are detailed in Table 3. On univariate analy-

sis of the validation cohort, similarly, all analyzed variables sig-
nificantly affected readmission rates except sex. Age (P < .01),
race/ethnicity (P < .01), income quartile (P < .01), revision pro-
cedure (OR, 2.24; 95% CI, 2.13-2.36), rheumatoid arthritis
(OR, 1.38; 95% CI, 1.26-1.52), obesity (OR, 1.18; 95% CI, 1.10-
1.26), hypertension (OR, 1.35; 95% CI, 1.29-1.41), diabetes (OR,
1.38; 95% CI, 1.30-1.46), chronic pulmonary disease (OR, 1.62;
95% CI, 1.54-1.71), anemia (OR, 1.42; 95% CI, 1.35-1.49), renal
failure (OR, 2.28; 95% CI, 2.10-2.47), fluid and electrolyte dis-
order (OR, 1.73; 95% CI, 1.64-1.84), congestive heart failure (OR,
2.88; 95% CI, 2.63-3.16), coagulopathy (OR, 1.63; 95% CI, 1.47-
1.81), and liver disease (OR, 1.64; 95% CI, 1.38-1.94) were
associated with increased THR readmission rates (eTable 4 in
the Supplement).

Multivariate Analysis
On multivariate analysis of the derivation cohort, sex was the
only factor to not independently affect readmission rates and
was not included in the RATHRR Scale. Odds ratios and 95%
CIs for the derivation cohort are displayed in Table 3. On mul-
tivariate analysis of the validation cohort, coagulopathy did
not independently affect readmission rates. The following
were associated with increased readmission rates: being older
than 71 years (OR, 1.83; 95% CI, 1.77-1.89), African American
(OR, 1.30; 95% CI, 1.18-1.44), and in the first income quartile
(OR, 1.12; 95% CI, 1.04-1.19); revision THR (OR, 1.96; 95% CI,
1.85-2.07); rheumatoid arthritis (OR, 1.25; 95% CI, 1.13-1.39);
obesity (OR, 1.23; 95% CI, 1.14-1.32); hypertension (OR, 1.11; 95%
CI, 1.05-1.17); uncomplicated diabetes (OR, 1.20; 95% CI, 1.13-
1.28); chronic pulmonary disease (OR, 1.43; 95% CI, 1.35-
1.52); anemia (OR, 1.17; 95% CI, 1.12-1.24); renal failure (OR, 1.41;
95% CI, 1.29-1.54); fluid and electrolyte disorder (OR, 1.30; 95%
CI, 1.22-1.39); congestive heart failure (OR, 1.70; 95% CI, 1.53-
1.88); coagulopathy (OR, 1.13; 95% CI, 1.01-1.27); and liver dis-
ease (OR, 1.55; 95% CI, 1.29-1.85) (eTable 4 in the Supple-
ment). Collinearity was assessed between variables, and all
factors displayed variance inflation factors associated with in-
dependence.

RATHRR Scale
From multivariate analysis of the derivation cohort, factors as-
sociated with an increased risk of readmission following THR
were analyzed to create the RATHRR Scale. The scale assigns
a value to each factor based on its OR (Figure 2). The scale was
then applied to patients in the derivation cohort without
missing variables to assess its ability to accurately predict a
patient’s risk of readmission. The percentage of patients re-
admitted for each RATHRR score was plotted, and on linear
regression, an R2 of 0.935 was calculated (eFigure 3 in the
Supplement). This value implies that the RATHRR Scale score
could explain 93.5% of readmission variability and suggests
that a higher RATHRR Scale score was associated with in-
creased risk for readmission. The linear regression line calcu-
lated demonstrates a 0.36% increase in readmission risk as-
sociated with a 1-point increase in RATHRR Scale score. A score
greater than 9 was associated with an above average readmis-
sion percentage and a score greater than 25 doubles readmis-
sion percentage.

Table 3. Univariate and Multivariate Analysis of Factors Associated
With Readmission After Total Hip Replacement of the Derivation Cohort

Characteristic

OR (95% CI)

Univariate Multivariate
Age, y

21-30 1.38 (1.12-1.70)a 1.46 (1.17-1.82)a

31-40 0.99 (0.85-1.14) 0.99 (0.85-1.15)

41-50 1 [Reference] 1 [Reference]

51-60 0.96 (0.89-1.03) 0.91 (0.84-0.98)

61-70 1.04 (0.97-1.12) 0.98 (0.91-1.06)

71-80 1.53 (1.43-1.63)a 1.37 (1.28-1.47)a

81-90 2.37 (2.21-2.54)a 1.97 (1.82-2.13)a

≥91 3.10 (2.64-3.65)a 2.22 (1.87-2.63)a

Sex

Male 1 [Reference] 1 [Reference]

Female 1.05 (1.02-1.09)a 0.96 (0.93-0.99)

Race/ethnicity

White 1 [Reference] 1 [Reference]

African American 1.23 (1.15-1.31)a 1.23 (1.15-1.31)a

Other 1.03 (0.97-1.08) 1.02 (0.97-1.08)

Income quartile

First 1.27 (1.21-1.33)a 1.18 (1.12-1.24)a

Second 1.11 (1.06-1.16)a 1.07 (1.02-1.12)a

Third 1.06 (1.02-1.11)a 1.03 (0.99-1.08)

Fourth 1 [Reference] 1 [Reference]

Type of procedure

Primary 1 [Reference] 1 [Reference]

Revision 2.072 (1.99-2.15)a 1.82 (1.75-1.90)a

Comorbiditiesb

Liver disease 1.58 (1.41-1.78)a 1.57 (1.39-1.77)a

Congestive heart failure 2.50 (2.32-2.69)a 1.49 (1.38-1.61)a

Chronic pulmonary disease 1.48 (1.42-1.54)a 1.33 (1.27-1.39)a

Renal failure 1.98 (1.85-2.11)a 1.26 (1.18-1.36)a

Diabetes, uncomplicated 1.40 (1.34-1.47)a 1.21 (1.16-1.27)a

Fluid and electrolyte disorder 1.61 (1.53-1.69)a 1.21 (1.14-1.27)a

Anemiac 1.43 (1.37-1.48)a 1.19 (1.15-1.25)a

Rheumatoid arthritis 1.32 (1.23-1.43)a 1.19 (1.10-1.29)a

Coagulopathy 1.62 (1.47-1.78)a 1.19 (1.08-1.32)a

Hypertension 1.43 (1.38-1.48)a 1.17 (1.12-1.21)a

Obesity 1.09 (1.04-1.14)a 1.15 (1.09-1.21)a

Abbreviation: OR, odds ratio.
a Statistically significant at P <.01.
b Reference point of no disease used for comparison.
c Anemia combines chronic blood loss anemia and iron deficiency anemia.
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The RATHRR Scale was verified by applying it to the vali-
dation cohort. Linear regression analysis was performed to as-
sess the scale’s ability to accurately predict readmission risk
in an independent population. The linear regression equa-
tion from the derivation cohort was also applied to the vali-
dation cohort to compare observed and estimated readmis-
sion rates for these patients (Figure 2). Linear regression
calculated an R2 value of 0.891, suggesting the RATHRR Scale
can explain 89.1% of percentage readmission variability. The
regression line calculated demonstrates a 0.46% increase in
readmission risk associated with a 1-point increase in RATHRR
Scale score. In comparing observed and estimated regression
lines, the validation cohort follows the regression line for the
derivation cohort up to a RATHRR Scale score of 30. At that
point, the scatter of the graph increases, skewing the
observed regression line. More than 95% of patients in this
cohort had a RATHRR Scale score of less than 30 points.
Therefore, when those patients with a RATHRR Scale score
of more than 30 were removed and the observed and esti-
mated readmission rates were compared, the slopes of the
regression lines are almost identical, demonstrating that a
1-point increase in the RATHRR Scale score is associated
with a 0.36% increase in readmission risk (eFigure 4 in the
Supplement). The new R2 value was 0.943, meaning that
the RATHRR Scale can explain 94.3% of the percentage of
readmission variability for patients with a RATHRR Scale
score of less than 30 points.

Discussion
The RATHRR Scale was shown to be associated with readmis-
sion rates more than 80% of the time in both the derivation
and validation cohorts based on linear regression analysis of
the percentage of patients readmitted at each RATHRR Scale
score. The scale is intended for use during presurgical patient
care to identify high-risk patients for readmission prior to sur-
gery. A mobile application facilitating use by physicians should
enable better coordination between various health profession-
als to ensure high-risk patients receive necessary care to pre-
vent readmission. Studies conducted within the past 5 years
suggest that the best strategy to reduce readmissions is coor-
dinated care.15,32,33 Williams15 reported that patient-centered
approaches coordinating care among physicians were more
successful at reducing readmissions than disease-centered ap-
proaches involving only 1 physician. Dharmarajan et al32 dem-
onstrated that most readmissions in their cohort of patients
with heart failure, pneumonia, and acute myocardial infarc-
tion were not attributed to the initial diagnosis. Ng et al34 have
suggested specific interventions to reduce complication risks
for many comorbidities associated with 30-day readmission
risk, including aggressive treatment of chronic obstructive
pulmonary disease to optimize the patient’s breathing
capacity and strict maintenance of blood glucose levels and
use of an insulin bolus rather than a sliding scale for patients
with diabetes.

Outcomes data can propel technical and procedural ad-
vances, but little data exist regarding controlling 30-day THR

readmissions. Weiss et al18 reported 30-day all-cause readmis-
sions for total or partial hip replacements in 2010 as 8.1% using
the SID but did not identify risk factors or risk-reduction strat-
egies. Additionally, Cram et al20 reported an increase in 30-
day readmission rates in THR patients from 5.9% in 1991 to 8.5%
in 2008 owing to a reduction in mean LOS from 9.1 days in 1991
to 3.7 days in 2008. This change may be attributed to new pro-
tocols following THR. Our study does not address LOS as a vari-
able affecting readmission, but it is possible that increased LOS
offers optimal care for sicker patients and therefore reduces
readmission risk.

Jordan et al21 developed a program to reduce readmis-
sion rates after total joint replacement in a single institution
that enables outpatient workup for deep vein thrombosis, in-
creased efforts to prevent surgical site infection, early fol-
low-up after discharge, and increased physician education of
economic ramifications of readmission. Total hip replace-
ment readmission rates were reduced from 3.70% 2 years prior
to implementation to 1.78% following implementation.21 The
implementation of the RATHRR Scale aims to identify high-risk
patients who would benefit from similar patient-specific read-
mission reduction approaches. Cullen et al22 observed an 8.5%
THR readmission rate over a 42-month study at a single institu-
tion and identified deep vein thrombosis, dislocation, wound
complications, and swollen limbs as the most common reasons
forreadmission.Ourstudyidentifiessimilarcomplicationsasrea-
sons for readmission. Identifying patients at risk for these com-
plications and implementing outpatient management may help
avoid readmission. Finally, Zhan et al23 conducted a retrospec-
tive study using the National Inpatient Sample Database and
SID and reported a 30-day readmission rate of 4.91% for primary
THR and 8.48% for revision THR. In concurrence with our
study, advanced age and comorbid diseases were associated with
worse outcomes.

The limitations of our study included those inherent to
large administrative databases, such as coding and sampling
errors, misclassified variables, and the inability to accurately

Figure 2. Readmission Percentage vs Readmission After Total Hip
Replacement Risk Scale Scores Among Validation Cohort Patients
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obtain readmission data on all patients. Readmissions for
complications within 30 days of THR are available in the SID,
but rates may be underestimated or overestimated owing to
exclusions and missing data. Only patients with data for all
studied variables were included in the application of this
scale, which could result in selection bias. However, this
limitation would apply to all age groups and should not
negate overall findings. Another potential limitation was the
designation of the RATHRR Scale and its overadjustment or
underadjustment for age and comorbidity factors. To avoid
this, we attempted to limit the amount any 1 factor could
contribute to the scale. There is limited information regard-
ing material used in the replacement, technical details on
the procedure (type of closure and protection devices), sur-
geon characteristics (specialty and volume), and discharge
and rehabilitation instructions. Multiple testing could have
also been an issue in this study, but many of the P values
were less than .001, so this is not likely to contribute much
error in creating the RATHRR Scale. Failure to assess for
interaction terms may have been a limitation of this study,
and this assessment may alter the point values assigned to
components of the RATHRR Scale. The scale does not take
day of discharge into account, and further studies would be
needed to determine the effect of day of discharge on read-
mission rates. An additional possible limitation was the simi-
larity between the derivation and validation cohorts. These

4 populations were chosen a priori based on availability of
readmission variables from the SID. These populations were
large and from variable geographic locations and should
therefore be representative of the entire United States. The
next step in validating this scale would be to apply it on
smaller, unique populations that may not be representative
of the entire United States.

Conclusions
Given scrutiny of health care spending in the United States and
the expansion of the Hospital Readmissions Reduction Pro-
gram to include THR, the RATHRR Scale was developed to iden-
tify high-risk THR patients for 30-day readmission to allow pre-
cautionary and preventive care prior to or during the index
admission. This scale, developed and validated in 2 separate
populations, calculates an individual’s readmission risk prior
to surgery using demographic and clinicopathological fac-
tors. To mitigate readmission risk, the RATHRR scale allows
physicians to identify high-risk patients during the index
admission and permit individualized care programs before
and after surgery. Reducing readmission rates using risk-
stratifications models, such as the RATHRR scale, should
increase the quality of care patients receive while reducing
overall health care expenditures.
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