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Association Between Racial Disparities
in Hospital Length of Stay and the Hospital
Readmission Reduction Program

Arnab K. Ghosh1 , Orysya Soroka1 , Martin Shapiro1,
and Mark A. Unruh2

Abstract

Background: On average Black patients have longer LOS than comparable White patients. Longer hospital length of stay (LOS)
may be associated with higher readmission risk. However, evidence suggests that the Hospital Readmission Reduction Program
(HRRP) reduced overall racial differences in 30-day adjusted readmission risk. Yet, it is unclear whether the HRRP narrowed
these LOS racial differences.

Objective: We examined the relationship between Medicare-insured Black-White differences in average, adjusted LOS (ALOS)
and the HRRP’s implementation and evaluation periods.

Methods: Using 2009-2017 data from State Inpatient Dataset from New York, New Jersey, and Florida, we employed an
interrupted time series analysis with multivariate generalized regression models controlling for patient, disease, and hospital
characteristics. Results are reported per 100 admissions.

Results: We found that for those discharged home, Black-White ALOS differences significantly widened by 4.15 days per
100 admissions (95% CI: 1.19 to 7.11, P < 0.001) for targeted conditions from before to after the HRRP implementation period,
but narrowed in the HRRP evaluation period by 1.84 days per 100 admissions for every year-quarter (95% CI: �2.86 to �0.82,
P < 0.001); for those discharged to non-home destinations, there was no significant change between HRRP periods, but ALOS
differences widened over the study period. Black-White ALOS differences for non-targeted conditions remained unchanged
regardless of HRRP phase and discharge destination.

Conclusion: Increased LOS for Black patients may have played a role in reducing Black-White disparities in 30-day readmission
risks for targeted conditions among patients discharged to home.
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Introduction

In well-studied inpatient conditions, there is growing evidence

that patients who stay in hospital longer have a higher risk of

risk-adjusted readmission.1-4 In the age of value-based pay-

ment models and increasing hospital consolidation, both

patient length of stay (LOS) and readmission risk have signif-

icant operational and financial implications for hospitals.5

Operationally, longer LOS is associated with a higher risk of

adverse health outcomes because of delays in discharge,6 emer-

gency room boarding,7 and ambulance diversion.8 From a

financial standpoint, longer LOS makes the management of

hospital throughput and bed occupancy a challenge.

The Centers of Medicare and Medicaid Services (CMS)

introduced its Hospital Readmission Reduction Program
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(HRRP) in 2013 to address growing concerns about readmis-

sion risk among Medicare beneficiaries. The HRRP compares

hospitals based on risk-adjusted 30-day readmission rates of

common inpatient conditions (initially heart failure, acute

myocardial infarction, and pneumonia, and subsequently also

total lower extremity joint replacement and chronic obstructive

pulmonary disease). Hospitals with higher readmission rates

are penalized through reduced reimbursements. Assessments

of the HRRP by race suggest show mixed results, with either

narrowing9 or stable trends10,11 in Black-White 30-day read-

mission rates for targeted conditions after its introduction.

However, analyses focused on safety-net hospitals have

demonstrated widening racial disparities in readmissions over

time.10 These varied findings reflect both the patient heteroge-

neity in these studies as well as multitude of prehospitalization

and hospital factors that affect readmission risk.12

Clinically meaningful differences in risk-adjusted LOS

between Black and White patients have been well-de-

scribed.13,14 These differences may be partially the result of

unobserved patient social factors15 and disease severity16 of

Black compared to White patients, and differential treatment

in hospital. However, whether racial differences in LOS are

associated with the HRRP’s introduction is unknown. Given

that on average Black patients had longer LOS than compara-

ble White patients prior to the HRRP, it is possible that

Black-White differences in adjusted LOS may narrow after the

HRRP’s introduction. One possible reason is because providers

may seek to invest time and resources in better discharge plan-

ning and care coordination during hospitalization to prevent

readmissions. Although not directly policy relevant in terms

of value-based payment models, such findings may counter

concerns that these payment models worsen disparities in

important health outcomes.17,18

To test this hypothesis, we assessed whether trends of

Black-White differences in average adjusted length of stay

(ALOS) changed after the introduction of the HRRP among

Medicare-insured beneficiaries in New York, New Jersey, and

Florida over the period 2009-2017 using a segmented regres-

sion approach (also known as interrupted time series approach

[ITS]) stratified by the patient’s discharge destination. We

focus on Black-White ALOS differences related to the HRRP

given Black-White differences in outcomes have been

well-described in the literature.

Methods

Data Source and Study Population

We created an analytical file of Medicare-insured (Fee-for-

service, and Medicare Advantage) inpatient discharges from

years 2009 to 2017 using the New York, Florida, and New

Jersey State Inpatient Databases from the Health Cost and

Utilization Project. The study cohort was restricted to Black

and White hospitalized Medicare-insured adults with a medical

or surgical diagnosis group (using a methodology described

elsewhere that utilized the Centers for Medicare and Medicaid

Services diagnosis-related grouping categorization),14 with

LOS greater than or equal to 1 day who were discharged alive.

We excluded patients who died during their hospitalization

because we stratified our analysis by discharge destination

(i.e., home vs non-home). We excluded discharges at

non-acute care hospitals, hospitals which admitted only White

or Black patients, and critical access hospitals. Hospitalizations

with missing quarter of the year in which the patient was

discharged, sex, median household income for patient’s ZIP

code also were excluded. A flow diagram describing the exclu-

sions by category and number is provided in the Supplement

(eFigure 1).

Outcome, Study Variables, and Model

Our outcome was adjusted average length of stay (ALOS)

stratified by discharge destination (home vs non-home). Our

model was informed by a previously described conceptual

model of factors influencing LOS.14 This conceptual framework

highlights how patient demographic characteristics such as age,

sex, race/ethnicity, their condition (both diagnoses and sever-

ity), as well as admission-related characteristics such as time of

day of admission and type of admission (i.e., elective vs non-e-

lective), hospital characteristics, and discharge disposition all

influence patient LOS.

We employed several control variables. Sociodemographic

characteristics included age at admission, sex, race (Black or

White), and SES (defined using median household income for

patient’s ZIP code, in quartiles). Disease-related characteristics

included the number of chronic diseases, the diagnosis-related

group (DRG) and Elixhauser-related mortality score

(ERMS).19 To ensure consistency of ERMS through the change

from ICD-9-CM to ICD-10-CM diagnosis versions in October

2015, ICD-10-CM Elixhauser Comorbidity Software, version

2018 was used. Other admission-related characteristics

included the year-quarter, admission type (elective, emer-

gency, or other), whether admission occurred on a weekend,

and the discharge destination (home vs non-home [acute reha-

bilitation, skilled nursing facilities, long-term acute care hos-

pitals]). We stratified our analysis by admissions discharged to

home vs non-home destinations because discharge to

non-home destinations may be related to LOS if a patient

deconditioned during their hospitalizations, and required reha-

bilitation to regain premorbid function.

The HRRP initially applied to 3 conditions, acute myocardial

infarction, heart failure, and pneumonia, which we categorized as

targeted conditions. And all others were categorized as nontar-

geted conditions. Targeted admissions were identified using

primary ICD-9-CM, ICD-10-CM diagnosis codes (Supplement).

The ALOS was calculated using generalized estimating

equation model accounting for clustering within hospital to

estimate robust empirical standard errors. The distribution of

LOS is non-negative and right-skewed, and therefore a gamma

distribution with log-link was specified. The predicted ALOS

was then derived for each specific race and year-quarter. Our

final model controlled for patient race, age, sex, SES, DRG,
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Table 1. Characteristics of Medicare-Insured Patients’ discharge by Race, and Period of Hospital Readmission Reduction Program in New York,
New Jersey, and Florida (2009-2017).

A. Patients discharged home.

Pre-ACA
Q1/2009-Q2/2010

Implementation
Q3/2010-Q3/2012

Evaluation
Q4/2012-Q4/2017

White Black White Black White Black

Admissions, N 1,658,915 300,995 2,690,835 517,128 5,263,087 1,062,205
Age, mean (sd) 73.6 (12.4) 65.6 (15.9) 73.2 (12.7) 65.2 (16.0) 72.9 (12.5) 65.2 (15.8)
Female, % 52.9 58.8 53.0 58.6 52.0 57.6
Income, %

Q1 20.6 54.5 20.5 53.1 20.2 52.4
Q2 28.3 20.2 28.4 20.4 27.7 22.8
Q3 25.8 17.7 26.0 18.3 27.3 16.1
Q4 25.2 7.7 25.2 8.2 24.8 8.7

Elixhauser-related mortality score, mean (sd) 4.5 (8.2) 4.7 (8.4) 4.8 (8.5) 4.9 (8.7) 5.1 (8.9) 5.4 (9.2)
Number of chronic conditions, mean (sd) 5.8 (2.8) 5.6 (2.8) 6.1 (2.9) 5.8 (2.9) 6.9 (3.5) 6.8 (3.5)
LOS, median (IQR) 3 (2-6) 4 (2-7) 3 (2-6) 4 (2-6) 3 (2-6) 4 (2-6)
Proportion of medical admissions, % 72.2 82.0 73.8 82.7 73.1 82.5
Proportion of surgical admissions, % 27.8 18.0 26.2 17.3 26.9 17.5
Targeted conditions, % 11.4 11.8 10.8 10.8 11.0 11.6
% with specific condition (denominator ¼ targeted conditions)

AMI 20.2 13.2 21.7 14.5 23.0 15.5
Heart Failure 49.4 64.9 46.6 62.5 48.0 63.5
Pneumonia 30.4 21.9 31.7 23.0 29.0 21.1

Admission type, %
Elective 21.0 11.7 20.1 11.2 19.9 10.3
Emergency 65.7 79.0 67.7 80.7 70.8 83.2
Other 13.3 9.2 12.2 8.1 9.4 6.5
Proportion of weekend admissions, % 18.9 21.2 19.3 21.6 20.0 22.2

State, %
NY 35.9 40.3 35.0 39.0 33.1 37.7
NJ 15.5 17.3 15.1 16.6 14.2 15.1
FL 48.6 42.4 49.9 44.5 52.7 47.2

B. Patients discharged to non-home destinations

Pre-ACA
Q1/2009-Q2/2010

Implementation
Q3/2010-Q3/2012

Evaluation
Q4/2012-Q4/2017

White Black White Black White Black

Admissions, N 870,571 135,162 1,441,617 230,585 2,856,841 471,112
Age, mean (std) 79 (11.3) 72.5 (14) 78.8 (11.5) 72.4 (14) 78.5 (11.6) 72.1 (13.7)
Female, % 60.3 57.6 59.7 57.8 57.9 56.7
Income, %

Q1 21.2 50.2 21.3 49.6 20.9 48.6
Q2 28.0 21.9 28.0 21.6 27.4 24.1
Q3 25.8 18.9 25.7 19.1 27.4 17.3
Q4 25.0 9.1 25.0 9.7 24.3 10.0

Elixhauser-related mortality score, mean (sd) 7.8 (10) 8.4 (10.2) 8.2 (10.3) 8.9 (10.6) 8.7 (10.6) 9.5 (11)
Number of chronic conditions, mean (sd) 6.6 (3) 6.5 (2.9) 7 (3.1) 7 (3.1) 8 (3.6) 8.2 (3.7)
LOS, median (IQR) 5 (3-9) 6 (4-11) 5 (3-9) 6 (4-11) 5 (3-9) 6 (4-11)
Proportion of medical admissions, % 69.9 76.6 70.4 76.5 70.4 75.8
Proportion of surgical admissions, % 30.1 23.4 29.6 23.5 29.6 24.2
Targeted conditions, % 11.9 10.2 11.1 9.7 10.6 9.5
% with specific condition (denominator ¼ targeted conditions)

AMI 23.9 19.6 23.5 20.1 22.7 20.1
Heart Failure 44.8 53.4 44.2 52.4 48.1 55.6
Pneumonia 31.3 27.0 32.3 27.4 29.2 24.3

(continued)
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number of chronic diseases, ERMS, weekend admission,

admission type. Independent variables in the models were

checked for multicollinearity using variation inflation factors.

Statistical Analysis

We first examined characteristics of patient stays by race and

discharge destination for 3 periods: January 2007 to March

2010 (pre-Affordable Care Act period), April 2010 to Septem-

ber 2012 (HRRP implementation period), and October 2012 to

December 2017 (HRRP evaluation period)—consistent with

previous HRRP analyses.20-22

Next, we calculated the Black-White differences in ALOS

for each year quarter stratified by targeted and non-targeted

conditions, and separately by discharge destination. For ease

of interpretation at the hospital-level, the ALOS differences

were calculated per 100 admissions. Trend lines for

Black-White ALOS differences were then plotted using values

from variance weighted linear regression. We analyzed the

changes in trend the 3 time periods (pre-Affordable Care Act

period, HRRP implementation period, HRRP evaluation period)

using an ITS model with linear splines at cutoff points for each of

the periods (2010/Q2 and 2012/Q4). A sensitivity analysis was

conducted for each targeted condition using the same approach.

Analyses were performed using SAS statistical software,

version 9.4 (SAS Institute, Cary, NC) and Stata, version 16

(StataCorp, College Station, TX). A 2-sided a of 0.05 was used

to assess statistical significance. This research was approved by

the institutional review board of Weill Cornell Medical

College.

Results

Characteristics of Study Cohort

Table 1 describes the characteristics of the cohort by race and

HRRP period stratified by discharge destination. In comparison

of Black and White patients discharged to home and non-home

regardless of HRRP period, White patients were on average

older, had lower ERMS but more chronic conditions, had

higher proportions of individuals living in high-income neigh-

borhoods, and fewer emergency conditions.

Results From Interrupted Time Series Models

Table 2 shows trends in Black vs White ALOS differences over

the 3 time periods of the HRRP. For patients with an

HRRP-targeted condition discharged to home, pre-ACA trends

suggest a significant decrease of 2.67 days per 100 admissions

for each year-quarter (95% CI: �5.11 to �0.22, P ¼ 0.03),

implying that Black-White LOS disparities narrowed over this

period. After the HRRP started, the trend increased to 1.48 days

per 100 admissions (95% CI: 0.71 to 2.26, P < 0.001). Between

the 2 periods, the change in slope was significant (Figure 1),

representing a 4.15 day average adjusted LOS difference

between Black and White patients per 100 admissions in each

time quarter (95% CI: 1.19 to 7.11, P < 0.001). After the HRRP

evaluation period began, Black-White differences decreased by

1.84 days per 100 admissions for every year-quarter (95% CI:

�2.86 to �0.82, P < 0.001).

Among Medicare-insured patients with HRRP-targeted con-

ditions discharged to non-home destinations, Black-White

ALOS differences were not significantly different from the

pre-ACA trend (2.86 days per 100 admissions in each

year-quarter, 95% CI: �3.85 to 9.58). However, there was a

2.18 day difference (95% CI: 0.32 to 4.04, P ¼ 0.02) in

Black-White ALOS differences per 100 admissions during

each year-quarter of HRRP implementation period. Further-

more, the change in trend between the HRRP implementation

and evaluation periods was not statistically significant.

For HRRP non-targeted conditions, Black-White ALOS

disparities for patients discharged home decreased over the

3 HRRP periods (Figure 1), with no statistically significant

change in the slopes between either the pre-ACA and HRRP

Table 1. (continued)

B. Patients discharged to non-home destinations

Pre-ACA
Q1/2009-Q2/2010

Implementation
Q3/2010-Q3/2012

Evaluation
Q4/2012-Q4/2017

White Black White Black White Black

Admission type, %
Elective 14.6 10.3 14.6 10.5 13.4 10.2
Emergency 74.9 80.9 75.1 81.9 78.7 84.1
Other 10.5 8.8 10.4 7.6 7.9 5.7

Proportion of weekend admissions, % 21.4 21.2 21.5 21.2 22.2 22.0
State, %

NY 35.1 40.6 33.6 39.2 31.8 37.3
NJ 21.4 21.8 21.3 22.1 19.8 21.0
FL 43.5 37.5 45.1 38.8 48.4 41.7

Abbreviations: ACA: Affordable Care Act; IQR: Inter-quartile range; LOS: Length of stay; sd: standard deviation.
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implementation period (�0.02 day difference per 100 admis-

sions for each year-quarter, 95% CI: �2.08 to 2.04, P ¼ 0.99)

or the HRRP implementation to evaluation period (0.24 day

difference per 100 admissions for each year-quarter, 95% CI:

�0.45 to 0.93, P ¼ 0.5). For discharges to non-home destina-

tions with non-targeted conditions, the only significant differ-

ence in Black-White ALOS disparities was in the HRRP

implementation period (1.64 day difference per 100 admissions

for each year-quarter, 95% CI: 0.66 to 2.62, P < 0.001). There

was a significant decrease in the change in slope between this

period and the evaluation period (�1.63 day difference per 100

admissions for each year-quarter, 95% CI: �2.94 to �0.32,

P ¼ 0.02), suggesting that the effects on Black-White dispa-

rities were subsequently mitigated during the evaluation phase

(Figure 1).

Results From Sensitivity Analysis

In sensitivity analyses for each of the 3 targeted conditions, the

results for acute myocardial infarction and heart failure were

consistent with our primary analysis. Patients with pneumonia

who were discharged home had no significant change in trends

between the 3 periods.

Discussion

In this study examining the effect of the HRRP on racial differ-

ences in ALOS from 2009 to 2017, we found that Black-White

ALOS differences increased for patients with HRRP-targeted

conditions who were discharged home after HRRP implemen-

tation, and then decreased to a lesser extent in the HRRP evalua-

tion period. Overall, Black-White ALOS differences increased

over the study period for patients admitted with HRRP-targeted

conditions who were discharged to non-home destinations, and

for those admitted with non-targeted conditions regardless of

discharge destination.

This is the first study to explore the relationship between

racial differences in LOS after the HRRP’s introduction. The

2 previous studies that examined this association found

decreases in overall LOS after its introduction.23,24 Our find-

ings contribute to the literature by identifying exacerbations of

Black-White ALOS differences associated with the HRRP’s

introduction for those admitted with targeted conditions. These

differences were somewhat mitigated in the HRRP evaluation

phase, although more so in patients who were discharged home.

For patients with non-targeted conditions, Black-White ALOS

differences continued to narrow across the 3 time periods

for those discharged to home and non-home destinations

(Figure 1C and 1D).

The ITS study design we employed exploits the quasi-

experiment created by the introduction of HRRP, allowing for

comparison of differences in LOS associated with race before and

after the policy, that provides estimates indicative of changes in

in-hospital treatment as a response to it. Furthermore, our model

controlled for a number of demographic, disease, hospital, andT
a
b

le
2
.
R

at
e

o
f
C

h
an

ge
O

ve
r

Y
ea

r
Q

u
ar

te
rs

in
B
la

ck
-W

h
it
e

A
ve

ra
ge

A
d
ju

st
ed

Le
n
gt

h
o
f
St

ay
D

iff
er

en
ce

s
p
er

1
0
0

A
d
m

is
si

o
n
s

fo
r

T
ar

ge
te

d
an

d
N

o
n
ta

rg
et

ed
C

o
n
d
it
io

n
s,

St
ra

ti
fie

d
b
y

D
is

ch
ar

ge
D

es
ti
n
at

io
n
,
2
0
0
9

to
2
0
1
7
,
N

ew
Y

o
rk

,
N

ew
Je

rs
ey

,
an

d
Fl

o
ri

d
a.

O
u
tc

o
m

e
an

d
ti
m

e
p
er

io
d

1

T
ar

ge
te

d
co

n
d
it
io

n
s

N
o
n
-t

ar
ge

te
d

co
n
d
it
io

n
s

H
o
m

e
N

o
n
-h

o
m

e
H

o
m

e
N

o
n
-h

o
m

e

Sl
o
p
e

9
5
%

C
I

P
-v

al
u
e

Sl
o
p
e

9
5
%

C
I

P
-v

al
u
e

Sl
o
p
e

9
5
%

C
I

P
-v

al
u
e

Sl
o
p
e

9
5
%

C
I

P
-v

al
u
e

P
re

-A
C

A
Sl

o
p
e

(9
5
%

C
I)

�
2
.6

7
�

5
.1

1
to
�

0
.2

2
0
.0

3
�

0
.6

8
�

6
.1

1
to

4
.7

6
0
.8

1
�

0
.3

6
�

2
.0

8
to

1
.3

5
0
.6

8
�

1
.8

6
�

4
.9

8
to

1
.2

7
0
.2

4
Im

p
le

m
e
n

ta
ti

o
n

Sl
o
p
e

(9
5
%

C
I)

1
.4

8
0
.7

1
to

2
.2

6
<

0
.0

0
1

2
.1

8
0
.3

2
to

4
.0

4
0
.0

2
�

0
.3

8
�

0
.9

1
to

0
.1

4
0
.1

5
1
.6

4
0
.6

6
to

2
.6

2
<

0
.0

0
1

C
h
an

ge
in

sl
o
p
e

(P
re

-A
C

A
to

Im
p
le

m
en

ta
ti
o
n

p
er

io
d
)

4
.1

5
1
.1

9
to

7
.1

1
<

0
.0

0
1

2
.8

6
�

3
.8

5
to

9
.5

8
0
.4

0
�

0
.0

2
�

2
.0

8
to

2
.0

4
0
.9

9
3
.5

0
�

0
.2

8
to

7
.2

7
0
.0

7

E
v
a
lu

a
ti

o
n

p
e
ri

o
d

Sl
o
p
e

(9
5
%

C
I)

�
0
.3

6
�

0
.7

1
to

0
0
.0

5
0
.3

1
�

0
.5

5
to

1
.1

8
0
.4

8
�

0
.1

5
�

0
.4

to
0
.1

0
.2

6
0
.0

1
�

0
.4

7
to

0
.4

8
0
.9

8
C

h
an

ge
in

sl
o
p
e

(I
m

p
le

m
en

ta
ti
o
n

to
E
va

lu
at

io
n

p
er

io
d
)

�
1
.8

4
�

2
.8

6
to
�

0
.8

2
<

0
.0

0
1
�

1
.8

7
�

4
.3

4
to

0
.6

0
.1

4
0
.2

4
�

0
.4

5
to

0
.9

3
0
.5

0
�

1
.6

3
�

2
.9

4
to
�

0
.3

2
0
.0

2

A
b
b
re

vi
at

io
n
:
A

C
A

:
A

ff
o
rd

ab
le

C
ar

e
A

ct
.

1
T

h
e

p
re

-A
C

A
p
er

io
d

w
as

fr
o
m

Q
1

2
0
0
9

th
ro

u
gh

en
d

o
fQ

1
2
0
1
0
,t

h
e

p
er

io
d

o
fi

m
p
le

m
en

ta
ti
o
n

o
ft

h
e

H
R

R
P

w
as

fr
o
m

st
ar

t
o
fQ

2
2
0
1
0

th
ro

u
gh

en
d

o
fQ

2
2
0
1
2
,a

n
d

th
e

H
R

R
P

ev
al

u
at

io
n

p
er

io
d

w
as

fr
o
m

st
ar

t
o
f
Q

3
2
0
1
2

th
ro

u
gh

en
d

o
f
Q

4
2
0
1
7
.

Ghosh et al 5



Figure 1. A, HRRP targeted conditions, discharge home. B, HRRP targeted conditions, discharge non-home. C, HRRP non-targeted conditions,
discharge home. D, HRRP non-targeted conditions, discharge non-home. Trends in black-white average adjusted length of stay (ALOS)
differences per 100 admissions for targeted and non-targeted conditions, stratified by discharge destination, 2009 to 2017, New York, New
Jersey, and Florida. Points represent the average risk-adjusted length of stay (ALOS) differences between black and white patients during the
yearly quarters. Solid lines represent the predicted ALOS differences calculated using weighted linear regression with linear splines at each
change in time period: 2010/Q2, 2012/Q4. January 2007 through March 2010 was pre affordable care act period, April 2010 through September
2012 was the period of implementation, and October 2012 through December 2017 was evaluation period. Vertical lines indicate divisions
between periods.
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admission-related factors which have been associated

with LOS.14

There are 2 potential factors that may explain our findings.

First, preventing readmissions require investment of time and

resources in discharge planning in order to 1) achieve the nec-

essary mobility and function to safely go home, 2) provide

adequate follow-up, and 3) ensure a safe and supportive home

environment. Therefore, the noted Black-White ALOS differ-

ences for HRRP-targeted conditions may have widened to

account for appropriate discharge planning for Black patients

compared to White patients. This may be especially relevant to

patients discharged home compared to patients discharged to

post-acute care settings such as skilled nursing facilities.

Second, the unobserved confounding related to individual

social risk may explain these differences, particularly patients

with targeted conditions who were discharged to non-home

destinations. The addition of covariates reflecting increased

social risk (e.g., income level, emergency Vs elective admis-

sions) may explain greater variation in Black-White ALOS

differences, leading to wider than expected differences.

Critiques of the HRRP have demonstrated that hospitals ser-

ving higher numbers of non-White, rural, or dually eligible

Medicare-Medicaid patients are disproportionately pena-

lized.25,26 This led to peer-grouping as a method to stratify

social risk by proportion of Medicare-Medicaid patients.27

However, further evaluation which explores racial differences

in both adjusted LOS and adjusted readmission rates using

Medicare fee-for-services claims data would be required to

clarify this. In addition, an alternative explanation may be that

our modeling strategy may not have adequately accounted for

the variety of reasons why patients were discharged to

non-home destinations compared to discharged to home, which

include deconditioning28 and limited supports29 to allow for

home-based convalescence.

It is important to note that for patients admitted with tar-

geted conditions, trends in Black-White ALOS differences dif-

fered between the HRRP implementation and evaluation

periods. The reasons for this are unclear and require further

quantitative and qualitative research. As previously elsewhere,

these observed changes may relate to hospitals’ inability to

sustain improvements in readmission rates in the longer term

for those discharged to home,22 but less so for those discharged

to non-home destinations where continued engagement with

post-acute care settings may be possible.30

There were 3 limitations to our study. First, our data are

limited to 3 states. However, these are diverse states that rep-

resent over 10% of the US population. Second, we were unable

to differentiate between Medicare FFS and Medicare Advan-

taged patients. The HRRP focused only on Medicare FFS

patients. This may bias our results toward no effect. However,

the results from a recent study suggest changes in readmission

rates between these 2 groups are correlated in the context of the

HRRP.31 Third, although the HCUP datasets have a rich source

of variables describing disease, admission, hospital, and

diagnosis-related factors of an individual admission, it is likely

that other important socioeconomic factors that were not

observed such as unemployment, social supports (e.g., marital

status), and educational status contribute to role Black-White

LOS differences.

Conclusions

In conclusion, we found widening LOS differences after the

HRRP’s introduction, which narrowed somewhat in the evalua-

tion phase, but only for HRRP-targeted conditions in patients

discharged home. Given the growing literature on the associa-

tion between longer LOS and increased risk of readmissions,

future research should focus directly on whether the relative

increase in LOS for Black Medicare patients admitted with

targeted conditions limits or exacerbates their readmission risk.
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