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1 | INTRODUCTION

Hospital readmissions are a priority for hospitals and policy mak-
ers, given their prevalence and cost.! In October 2012, the Centers
for Medicare & Medicaid Services (CMS) launched the Hospital

Abstract

Objective: To determine the correlation between hospital 30-day risk-standard-
ized readmission rates (RSRRs) in elderly adults and those in nonelderly adults and
children.

Data Sources/Study Setting: US hospitals (n = 1760 hospitals admitting adult pa-
tients and 235 hospitals admitting both adult and pediatric patients) in the 2013-
2014 Nationwide Readmissions Database.

Study Design: Cross-sectional analysis comparing 30-day RSRRs for elderly adult
(265 years), middle-aged adult (40-64 years), young adult (18-39 years), and pediatric
(1-17 years) patients.

Principal Findings: Hospital elderly adult RSRRs were strongly correlated with mid-
dle-aged adult RSRRs (Pearson R? .69 [95% confidence interval (Cl) 0.66-0.71]), mod-
erately correlated with young adult RSRRs (Pearson R? .44 [95% Cl 0.40-0.47]), and
weakly correlated with pediatric RSRRs (Pearson R? .28 [95% Cl 0.17-0.38]). Nearly
identical findings were observed with measures of interquartile agreement and
Kappa statistics. This stepwise relationship between age and strength of correlation
was consistent across every hospital characteristic.

Conclusions: Hospital readmission rates in elderly adults, which are currently used
for public reporting and hospital comparisons, may reflect broader hospital readmis-
sion performance in middle-aged and young adult populations; however, they are not

reflective of hospital performance in pediatric populations.

KEYWORDS
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Readmissions Reduction Program (HRRP),%® which imposed finan-
cial penalties for hospitals with higher-than-expected Medicare
readmissions for target conditions. This initiative and others have
prompted hospitals to prioritize readmission reduction efforts

among Medicare beneficiaries. In contrast, other adult and pediatric
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readmissions have been largely exempt from HRRP's public report-
ing and financial penalties but may benefit from a spillover effect
of hospital efforts to address Medicare readmissions.* Despite an
abundance of research evaluating hospital readmissions in Medicare
beneficiaries,” % adults 265 years of age account for only 35 per-
cent of all hospital admissions, with young and middle-aged adults
accounting for half of total hospital admissions and pediatric admis-
sions accounting for the remainder (15 percent).}* Little is known
about the relationship between elderly readmission rates and
nonelderly adult or pediatric rates.

Such information is important for understanding the applica-
tion and limitations of readmission measures. Medicare readmis-
sion measures have been widely used to measure the quality of
care delivered in US hospitals.?>*¢ Although such measures con-
trol for age and patient comorbidities to account for differences in
case mix within and across hospitals in elderly adults, it is unclear
whether risk-adjusted readmission rates in this cohort are reflec-
tive of hospital performance more globally across all age-group
cohorts. If readmission rates are highly correlated across elderly
vs other age-groups within hospitals, then publicly reported re-
admission rates may reflect broader hospital quality or an organi-
zational structure that promotes quality improvement. Similarly,
understanding how readmission rates correlate within a hospital
across patient populations may provide insight into how readmis-
sion reduction efforts are being implemented. Nonelderly adult
and pediatric patients may benefit from positive spillover effects
from system-wide readmission reduction efforts targeting elderly
Medicare populations. Alternatively, no relationship between
age-specific readmission rates might suggest that departments
operate in silos such that elderly readmission reduction efforts
do not extend to younger patients. Finally, as Medicaid and pri-
vate insurers that serve many younger individuals start to imple-
ment readmission measures, such as the Pediatric All-Condition
Readmission measure, it is important to understand the suitability
and limitations of current measures for assessing hospital-wide re-
admission performance.'”8

This study evaluated the association between hospital-level
risk-standardized middle-aged adult, young adult, and pediatric
readmission rates with elderly adult rates. Correlations and agree-
ment between age-specific 30-day RSRRs were determined overall
and across hospital characteristics to identify whether age-specific

RSRRs were more strongly correlated in certain types of hospitals.

2 | METHODS
2.1 | Datasource

We used data from the 2014 Healthcare Cost and Utilization Project
(HCUP) Nationwide Readmissions Database (NRD) to identify hos-
pitals that treat both adult and pediatric patients. The NRD is a na-
tionally representative, all-payer database of hospital inpatient visits

for all ages. It contains ~15 million discharges from 2048 hospitals

What this study adds

¢ Initiatives to reduce readmissions have focused predom-
inately on elderly adult patients insured by Medicare;
however, these patients account for only about one-
third of all hospital admissions.

e Little is known about the relationship between elderly
adult readmission rates with non-elderly adult and
pediatric readmission rates or the suitability of publicly
reported readmission rates for profiling hospital perfor-
mance in other age groups.

e In this nationally representative sample of U.S. inpa-
tient hospitalizations, hospital elderly adult RSRRs were
strongly correlated with middle-aged adult RSRRs, mod-
erately correlated with young adult RSRRs, and not cor-
related with pediatric RSRRs.

e Hospital readmission rates in elderly adults may reflect
broader hospital readmission performance in other
adult populations; however, they are not reflective of

hospital performance in pediatric populations.

across 22 geographically dispersed states with patient identifiers to
link individuals across hospitalizations within state hospitals. Details

appear elsewhere.*??°

2.2 | Hospital sample

The analytic steps are outlined in Figure S1. Two separate sam-
ples of hospitals were used to maximize the number of hospitals
in analyses of readmission rates in adult populations and pediatric
populations. The adult sample included all nonspecialty hospitals
with 2100 elderly adult (265 years old) index admissions and was
used to calculate readmission rates for young, middle-aged, and el-
derly adult patients (Figure S2). To remove specialty hospitals, we
excluded hospitals with >50 percent of all primary diagnoses cate-
gorized as orthopedic (n = 24), oncologic (n = 1), psychiatric (n = 18),
or obstetric (n = 8) conditions or >70 percent of all primary diagno-
ses categorized as surgical conditions (n = 14). Fifty-seven specialty
hospitals (3 percent) were excluded. Although such hospitals could
treat patients for other diagnoses, they appeared unlikely to rep-
resent general hospitals with an array of subspecialty services or a
diversity of patients.

The pediatric/adult sample was a subset of the adult sample and
was used to calculate readmission rates for pediatric (1-17 years)
patients and elderly (265 years) adult patients for comparison. It in-
cluded all nonspecialty hospitals with 2100 pediatric index admis-
sions. We chose 2100 to increase the likelihood that hospitals had a
pediatric service and to ensure adequate sample size for readmission
rate calculations. Additionally, we excluded hospitals with <2 percent

of all index admissions <18 years old to remove hospitals with very
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small relative pediatric volumes and with >80 percent of all pediatric
admissions 13-17 years old to remove hospitals that care for predom-
inately adolescent patients. Finally, to remove specialty hospitals, we
excluded hospitals with >50 percent of all pediatric primary diagno-
ses categorized as orthopedic (n = 2), oncologic (n = 0), or psychiatric
(n = 29) conditions or >70 percent of all pediatric primary diagnoses
categorized as surgical conditions. A total of 32 pediatric specialty
hospitals (11 percent) of the sample were excluded. Of note, we ex-
cluded infants <1-year-old from our analyses to avoid including hos-
pitals with obstetric services that do not otherwise treat pediatric
patients and because NRD excludes records for patients <1 for about
half the states.?°

2.3 | Within-hospital patient sample

All index admissions to hospitals in the adult and pediatric/adult sam-
ples between 1/1/14 and 11/30/14 were identified to allow for a full
30-day readmission window. In accordance with the National Quality
Forum (NQF)-endorsed hospital all-condition readmission measures,
we excluded index admissions for patients who died, left against
medical advice, were discharged to another short-term acute hospital
setting, or were admitted for psychiatric or obstetric causes. Index ad-
missions were divided by age into pediatric (1-17), young adult (18-39),
middle-aged adult (40-64), and elderly adult (265) cohorts.

2.4 | Patient and hospital characteristics

We assessed characteristics of the index admissions including age,
gender, payer, number of chronic conditions, and top discharge di-
agnoses. NRD defines chronic conditions as lasting 212 months and
either causing disability/impairments or resulting in the need for
ongoing medical interventions. Discharge diagnoses were grouped
using the AHRQ condition categories(https://meps.ahrg.gov/data_
stats/conditions.shtml) for comparison across age-groups; these are
63 distinct categories of conditions or body systems in the Clinical
Classifications Software (CCS) to group diagnostic or procedure
codes into clinically meaningful categories.

Hospital characteristics were drawn from available NRD vari-
ables originally collected from the American Hospital Association
(AHA) Annual Survey'?: hospital ownership, location and teaching
status, and bed size. Bed size categories were based on number
of hospital beds across all ages. Definitions of small, medium, and
large vary by region and urban vs rural setting. Teaching status
was defined by the presence of an AMA-approved residency pro-
gram or Council of Teaching Hospitals membership. Because non-
metropolitan teaching hospitals are rare, hospitals were divided
into metropolitan nonteaching, metropolitan teaching, and non-
metropolitan categories. In addition, we calculated the percent-
age of hospital stays for patients aged <65 years old paid for by
Medicaid to identify hospitals that disproportionately treat lower

income patients.
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2.5 | Outcome

The primary outcome was all-cause unplanned readmission to any
hospital within 30 days of discharge. To align our estimates with
those of the Pediatric All-Condition Readmission Measure and the
CMS risk-standardized readmission measures, only the first readmis-
sion within 30 days was considered.?!?? Subsequent admissions after
30 days from discharge were evaluated as another index hospitaliza-
tion. Readmission hospitalizations within 30 days of a prior discharge
were not categorized as index hospitalizations. We excluded readmis-
sions for planned procedures as defined by the CMS Hospital-wide
All-Cause Readmission Measure for the adult cohorts or the Pediatric
All-Condition Readmission Measure for the pediatric cohort 182122
Hospital 30-day RSRRs were calculated for the four cohorts
separately within each hospital. For patients 218 (ie, young adult,
middle-aged adult, and elderly adult cohorts) in both the adult and
pediatric/adult samples, we used the CMS Hospital-wide All-Cause

2122 with two modifica-

Readmission Measure, described previously,
tions. First, due to small sample size at some hospitals, we did not
divide the sample into condition cohorts. Instead, we analyzed all
admissions within a given hospital together. Second, because we
lacked data on the year prior to admission, only diagnoses on that
hospital record were included in the risk adjustment model. Risk ad-
justment was performed in an identical fashion to the CMS model
using hierarchical logistic regression with a random hospital inter-
cept to adjust for age, 31 risk factors, and the principal diagnosis
grouped by AHRQ CCS codes.

For patients < 18 years in the pediatric/adult sample, RSRR
calculations were performed using the Pediatric All-Condition
Readmission Measure developed by the Boston Children's Hospital
Center of Excellence for Pediatric Quality Measurement.'® Briefly, it
uses a hierarchical logistic regression model with a random hospital

TABLE 1 Hospital characteristics

Adult sample Adult/pediatric
(N =1760) sample (N = 235)
Hospital ownership, n (%)
Public 342 (19.4) 53(22.6)
Private, not-for-profit 1100 (62.5) 151 (64.3)
Private, for-profit 318(18.1) 31(13.2)
Location/teaching status, n (%)
Metropolitan teaching 553(31.4) 160 (68.1)
Metropolitan, nonteaching 645 (36.7) 49 (20.9)
Nonmetropolitan 562 (31.9) 26 (11.1)
Hospital bed size, n (%)
Small/Medium 1198 (68.1) 78(33.2)
Large 562 (31.9) 157 (66.8)
Medicaid tertile, %
Lowest <21.4% <24.8%
Middle 23.4%-32.6%  24.8%-38.1%
Highest 232.7% >238.2%


https://meps.ahrq.gov/data_stats/conditions.shtml
https://meps.ahrq.gov/data_stats/conditions.shtml
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intercept that included age, gender, presence of 17 chronic condition
body system indicators, and number of body systems affected by
chronic conditions.

For both risk-adjusted models, 30-day RSRRs for each hospital
were calculated as the ratio of “predicted” number of readmissions
(from the model with the hospital-specific effect) to “expected”
number of readmissions (from the model applying the average effect
among hospitals) multiplied by the national observed readmission rate.

2.6 | Statistical analyses

Hospital characteristics were summarized across the adult and the
adult/pediatric samples separately. Admission characteristics were
summarized across the four age cohorts separately.

To assess the degree of association within hospitals’ age co-
hort-specific RSRRs, we calculated Pearson correlation coefficients
between pediatric, young adult, and middle-aged adult RSRRs with
elderly adult RSRRs. We compared each age cohort-specific RSRR to
elderly adult RSRRs because the latter are used by CMS for public re-
porting. In the adult hospital sample (n = 1760), we compared young

TABLE 2 Admission characteristics and top diagnoses by age-group

Pediatric index

adult and middle-aged adult RSRRs against elderly adult RSRRs; in
the pediatric/adult sample of hospitals (n = 235), we compared pedi-
atric and elderly adult RSRRs.

We then divided hospitals into performance quartiles based on
age cohort-specific RSRRs and assessed the degree of agreement
across quartiles using weighted Cohen's kappa statistics. We used a
linear set of weights to account for greater magnitude of disagree-
ment across quartiles. For each age-specific group of RSRRs, we
calculated the percentage of hospitals in the same quartile of perfor-
mance, the same top or bottom quartile of performance, and the op-
posite quartile of performance (top or bottom) as elderly adult RSRRs.

We repeated analyses in subgroups of hospitals stratified by size,
ownership, and teaching status to determine whether age-specific re-
admission rates were more strongly correlated in certain hospitals. To
compare differences in the strength of the correlations across hospital
characteristics, we transformed Pearson correlation coefficients using
Fisher's R-to-z transformation and then compared z-scores between
hospital categories for given age-group pairs with a standard normal
procedure.23 P-values < .05 were considered statistically significant.

To determine the consistency of the association of age with
30-day RSRRs, we repeated the RSRR calculations for smaller age

admissions Young adult admissions
(1-17y) (18-39y)
(n =206 047)* (n =997 569)

Age, mean (SD) 8.1(5.4) 30.0(6.1)

Female gender,
N (%)

Payer, N (%)
None
Medicare
Medicaid

Private
insurance

Self-pay/other

94 270 (45.8)

4722 (2.3)
56(0.3)

115 641 (56.1)
76 124 (36.9)

8720 (4.2)

No. of chronic conditions, N (%)

0

1
2-3
>4

Top 5 discharge
diagnoses (%)

59 280 (28.8)
66 466 (32.3)
51 570 (25.0)
28731 (13.9)
Asthma (10.7)
Trauma (8.9)

Epilepsy/seizures (6.4)

Pneumonia (6.2)

Appendicitis (4.6)

534 353 (53.6)

120592 (12.1)
83591 (8.4)

324 205 (32.5)
397 277 (39.8)

69 132 (6.9)

142 946 (14.3)
188 480 (18.9)
323571 (32.4)
342572 (34.3)
Trauma (10.1)

Gallbladder/liver disease
(6.9)

Systemic infection (6.3)
Skin disorders (4.8)

Heart condition (4.5)°

Middle-aged admissions
(40-64 y)

(n = 3227 664)
53.5(6.5)

1638091 (50.8)

210 296 (6.5)
702 867 (21.8)
683 600 (21.2)
1430938 (44.3)

192 956 (6.0)

108 399 (3.4)

245 652 (7.6)

732414 (22.7)
2141199 (66.3)

Heart condition (13.1)°

Osteoarthritis/joint disease (6.0)

Systemic infection (5.8)
Cancer (5.8)

COPD/pulmonary disease (4.7)

Elderly admissions
(65+y)
(n=4523855)
77.2(7.9)

2519 381 (55.7)

16 623 (0.4)
4088077 (904)
67 675 (1.5)
291520 (6.4)

56 194 (1.2)

28501 (0.6)

106 276 (2.4)

582543 (12.9)
3806535 (84.1)
Heart condition (16.9)°
Trauma (6.9)

Systemic infection (6.8)

Osteoarthritis/joint
disease (6.4)

COPD/pulmonary disease
(6.2)

?Admission characteristics for pediatric patients hospitalized in a subset of 235 nonspecialty hospitals treating both pediatric and adult patients.

PHeart condition includes myocardial infarction, angina, heart failure, conduction disorders, cardiomyopathy, and valve disorders.
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Pediatric vs. Elderly Adult
RSRRs

0.6

0.5

0.4

0.3

0.2

Young Adult vs. Elderly Adult Middle-aged Adult vs. Elderly
RSRRs

1l

Adult RSRRs
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MW Pearson Coefficient

Aged 1-9 Aged 10-19 Aged 20-29 Aged 30-39 Aged 40-49 Aged 50-59 Aged 60-69
years

years years years

B Weighted Kappa Statistic

FIGURE 1 Pearson correlation coefficients and weight Cohen's kappa statistics comparing (A) pediatric, young adult, and middle-aged
adult RSRRs to elderly adult RSRRs, and (B) age decile RSRRs to age 270 y RSRRs. Comparisons between pediatric and elderly adult RSRRs in
(A) and between RSRRs for patients aged 1-9 y and 10-19 y with RSRRs for patients aged =70y in (B) are performed in pediatric/adult sample
(n = 287 hospitals). All other comparisons were performed in adult sample (n = 1760)

cohorts from 1-9, through each ten years, to = 70 years and com-
pared all age cohorts to the 270-year-old cohort using Pearson coef-
ficients and weighted Kappa statistics. All analyses were performed

using SAS 9.4. This analysis received IRB exemption.

2.7 | Sensitivity analyses

We performed five sensitivity analyses. First, we repeated all
analyses comparing elderly and nonelderly adults in the pediatric/

adult sample to ensure that the observed differences across age

categories were not related to the use of two separate hospital
samples. Second, we repeated all 30-day RSRR calculations using
the pediatric risk adjustment algorithm to determine whether
differences in the strength of RSRR correlations across age co-
horts persisted irrespective of risk adjustment methodology. We
used the pediatric algorithm because it adjusts for body system
indicators rather than individual discharge diagnoses and can be
more generally applied to other populations. Third, we repeated
our analyses reincluding specialty hospitals given the potential
for misclassification of hospitals as specialty hospitals based on

primary diagnosis codes alone. Fourth, we repeated the analyses
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in the 2013 NRD database in order to test the external validity
of our findings by confirming them in another population. Finally,
we repeated the analyses for only patients admitted for infections
in order to determine whether the stronger correlations observed
between elderly and middle-aged adults were due to similarity in
discharge diagnoses. We chose infection (sepsis, bacteremia, viral
infections, CNS infections, pericarditis/myocarditis, pneumonia,
influenza, upper respiratory infections, urinary tract infections,
and skin and soft tissue infections) diagnoses common across all
ages. We required a minimum of 15 admissions each among young,

middle-aged, and elderly adults for infection.

3 | RESULTS

The adult sample included 8,749,088 adult index admissions from
1760 nonspecialty hospitals; the pediatric/adult sample included
206 047 pediatric and 2 614 622 adult admissions from 235 nonspe-
cialty hospitals (Figure S2). The percentage of nonelderly patients
per hospital ranged from 8.2 percent to 89.4 percent in the adult
sample and 2.0 percent to 23.4 percent for pediatric patients in the
pediatric/adult sample (Figure S3). Most hospitals in the adult sample
were small or medium (68 percent) or nonteaching hospitals (69 per-
cent); most in the pediatric/adult sample were larger (67 percent) or
teaching hospitals (68 percent; Table 1). Pediatric/adult sample hos-
pitals treated a greater percentage of Medicaid patients than adult
sample hospitals (highest Medicaid tertile 38 percent vs 33 percent)
likely due to the inclusion of pediatric patients, who were more likely
to be covered by Medicaid. Admission characteristics and the top
5 discharge diagnoses for the four age cohorts are presented in
Table 2.

The median hospital 30-day RSRRs (interquartile range) for pe-
diatric, young adult, middle-aged adult, and elderly adult cohorts
overall were 6.2 percent (5.4 percent-7.6 percent), 9.5 percent (9.0
percent-10.1 percent), 11.0 percent (10.2 percent-11.9 percent),
and 13.0 percent (11.9 percent-14.1 percent), respectively. Elderly
adult RSRRs were strongly correlated with middle-aged adult RSRRs
(Pearson R? .67 [95% confidence interval (Cl) 0.63-0.68]), moder-
ately correlated with young adult RSRRs (Pearson R? .38 [95% ClI
0.34-0.42]), and not correlated with pediatric RSRRs (Pearson R?
0.10 [95% CI -0.03-0.23]) (Figures 1 and S4). This stepwise relation-
ship between age and correlation strength was consistent across
every hospital characteristic (Table 3). RSRRs were more strongly
correlated in large hospitals and teaching hospitals in all comparisons
(P < .05). There were no consistent differences in the strength of
RSRR correlations by hospital ownership or across Medicaid tertiles.

Nearly identical findings were observed with measures of in-
terquartile agreement and Kappa statistics (Table 4). Nearly half of
hospitals were in the same quartile of performance for middle-aged
and elderly adult RSRRs compared with only 20 percent-30 percent
of hospitals when comparing pediatric and elderly adult RSRRs.
Weighted Kappa statistics were consistently highest for middle-aged
vs elderly adult RSRRs (Kappa statistic range: 0.33-0.57) and lowest

for pediatric vs elderly adult RSRRs (Kappa statistic range: -0.10-
0.19) overall and across all hospital characteristics.

When age cohorts were divided into smaller age deciles, there
was again a stepwise relationship between correlation coefficients
and weighted Kappa statistics for age-specific RSRRs compared with
RSRRs for patients aged >70 years old (Figures 1 and S5). The stron-
gest associations between RSRRs were observed among the older
age cohorts, and associations among the younger pediatric cohorts
compared with patients aged 270 years were nonsignificant (Table
S1).

In sensitivity analyses, replication of the adult analyses in the
pediatric/adult sample or with the pediatric algorithm did not sub-
stantively change the results (Table S2). Similarly, when we repeated
the analyses with reinclusion of the 57 and 32 specialty hospitals
in the adult and pediatric/adult samples, respectively, and with the
2013 NRD database, the results were nearly identical. The stron-
gest associations between RSRRs were observed again between
middle-aged vs elderly adult patients and the weakest associations
between pediatric vs elderly adult patients. Analyses limited to
index admissions for primary infections showed a similar pattern
with comparable Pearson coefficient and weighted Cohen's Kappa

statistic magnitudes.

4 | DISCUSSION

In this large, national, all-payer sample of patients of all ages, we found
that 30-day RSRRs for elderly adult patients were strongly correlated
with middle-aged adult RSRRs, moderately correlated with young adult
ones, and not correlated with pediatric ones. This direct relationship
between age and RSRR correlation strength was consistent across all
hospital characteristics and when we used smaller age increments.
Thirty-day RSRRs were more strongly correlated in large hospitals and
teaching hospitals. Our findings suggest that hospital all-condition 30-
day RSRRs for elderly adult patients may capture broader aspects of
hospital performance in other adult patients but may be less reflective
of performance among pediatric patients.

There are several potential explanations for the high correla-
tion between elderly adult and middle-aged adult RSRRs. First,
hospital efforts to avoid condition-specific penalties for Medicare
patients in the HRRP may have led to hospital-wide improvements
with positive effects for other populations. For instance, one study
found improvements in both Medicare and Medicaid readmissions

after implementation of the HRRP.?

Readmission processes such
as discharge planning, care coordination, and medication reconcil-
iation tend to be implemented at a hospital level across all adult
patients, and thus, younger adult patients may benefit from hos-
pital readmission reduction efforts aimed at Medicare patients.?®
Indeed, qualitative studies of hospital quality officers have re-
peatedly identified system-level readmission reduction efforts
being implemented in US hospitals.25'28 Examples of hospital-wide
strategies include investing in better health information technol-
ogy, recruiting pharmacists for medication reconciliation and so-
cial workers to help with care transitions,?’ leveraging electronic

health records to share discharge summaries with community
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TABLE 3 Pearson correlation coefficients for middle-aged adult, young adult, and pediatric RSRRs compared with elderly adult RSRRs by

hospital characteristics

Pediatric (1-17 y) vs elderly adults

Young adults (18-39 y) vs elderly

Middle-aged adults (40-64 y)

(265 y) RSRRs adults (265 y) RSRRs vs elderly adults (265 y) RSRRs
(n = 235)*° (n = 1760)° (n = 1760)°
R?(95% CI) P° P' R%(95%CI) P P! R%(95%Cl) P P
All .10 (-0.03,0.23) - - .38(0.34,0.42) - - .67(0.63,0.68) — —
Hospital ownership
Public (A) .11 (-0.16, 0.37) - - 443(0.33,0.51) - - .68(0.62,0.74) — —
Private, not-for-profit (B) .14 (-0.02, 0.29) .85 — .34 (0.28, 0.39) .09 — .61 (0.57,0.65) .05 —
Private, for-profit -.05(-0.40,0.31) .50 .35 .41 (0.32,0.50) .76 .20 .71(0.65,0.7¢) 46 .005
Location/Teaching status
Metropolitan teaching (A) .13 (-0.02,0.28) - - .52(0.46,0.58) - - .79 (0.76,0.82) — -
Metropolitan, nonteaching -.01(-0.29,0.27) .40 — .38(0.31,0.44) .002 — .71 (0.67,0.74) .002 —
(B)
Nonmetropolitan -.03(-0.41,0.36) 47 94 .25(0.17,0.33) <001 .01 .50(0.44,0.56) <001 <001
Bed size
Small/medium (A) -.08(-0.29,0.15) - - .30(0.25,0.35) - - .61(0.58,0.65) — -
Large .19 (0.03, 0.34) .05 - .55(0.49, 0.61) <001 -— .77 (0.74, 0.80) <001 -
% Medicaid, tertile
Lowest (A) .29 (0.08, 0.49) = = .33(0.26, 0.40) = = .58(0.52,0.63) = =
Middle (B) .06 (-0.16,0.27) 14 - 40(0.33,0.46) A7 - .68(0.64,0.72) .004 -
Highest .06 (-0.17,0.28) 14 1.00 .41(0.34,0.48) A1 .84 .72(0.68,0.76) <001 .18

Abbreviations: Cl, confidence interval; IQR, interquartile range; RSRR, risk-standardized readmission rate.

@Pediatric vs elderly adult RSRR comparisons performed in subset of 235 nonspecialty hospitals treating both pediatric and adult patients.
PMedian RSRR (IQR) for pediatric, young adult, middle-aged adult, and elderly adult cohorts overall was 6.2% (5.4%, 7.6%), 9.5% (9.0%, 10.1%), 11.0%

(10.2%, 11.9%), and 13.0% (11.9%, 14.1%), respectively.
P-value for comparison with reference category (A).
dp-value for comparison with reference category (B).

providers,®° and creating a hospital-based, postdischarge clinic for
patients to follow-up in a timely manner.3! Even in the absence
of hospital-wide readmission reduction efforts, similar teams and
services care for adult patients of different ages, presumably de-
livering similar quality of care to all patients regardless of age or
condition. Prime examples of rotating teams are resident house
staff and nurses who move between services, adapting new struc-
tures and processes to apply to other patient populations. In fact,
this may explain why in our study the correlation between adult
RSRRs was strongest in large, teaching hospitals, where residents
play a critical role in patient care. Notably, hospital ownership or
payer did not seem to affect correlation between RSRRs across
age cohorts, suggesting that these hospital factors are less likely
to explain age cohort differences. Moreover, there may be factors
extrinsic to the hospital (eg, community resources) that facilitate
access to outpatient services or home health care, improve health
literacy, or address other social determinants of health such as
housing, food, and transportation.3?

An alternative explanation for the strong correlation between
middle-aged and elderly adult RSRRs but moderate correlation

between young and elderly adult RSRRs stems from the similarity

in discharge diagnoses between middle-aged and elderly adult pa-
tients. The most common discharge diagnoses for middle-aged adults
closely mirrored those of elderly adults; however, there was minimal
overlap in discharge diagnoses between young and elderly adults
(Table 2). When we limited analyses to a subgroup of infection dis-
charge diagnoses, the magnitude of the Pearson correlation coef-
ficients and weighted Cohen's Kappa statistics was comparable to
those for the overall sample, suggesting that differences in discharge
diagnoses across age cohorts do not solely explain the findings. We
chose infections because they are common across all age-groups;
however, it is possible that we might see stronger correlations be-
tween age-specific RSRRs for conditions penalized under the HRRP
if hospitals implement readmission reduction efforts specific to
these conditions.3%3*

In contrast, the absent association between pediatric and el-
derly adult RSRRs is likely explained by the financial and admin-
istrative separation of pediatric and adult departments at most
hospitals. There are a few examples of quality improvement ini-
tiatives that transcend both pediatric and adult care, %8 but most
pediatric and adult services operate in silos with little cross-pol-

lination of house staff, clinicians, or resources.’? As a result,
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interventions such as discharge phone calls or home nursing visits
may not be implemented across adult and pediatric populations.
Although there are meaningful distinctions between adult and pe-
diatric health systems (eg, lower prevalence of chronic illness in
children, key role of family in child health, and higher percentage
of children insured by Medicaid), there are also many similarities
between health systems that suggest that lessons learned about
readmissions in adults can apply to efforts to improve children's
health care.® In fact, readmission reduction efforts in pediatric
and adult hospitals have focused on the same areas of care coor-
dination, medication reconciliation, communication between pro-
viders, home visits, and allocation of resources for patients with
psychosocial needs.?”28

Our results on the suitability and limitations of readmission mea-
sures for profiling hospital performance in other patient populations
have policy implications. Our data suggest that the current publicly
reported CMS hospital-wide readmission measure may not be a
good surrogate for overall hospital quality among all patient popu-
lations, especially for hospitals with a substantial proportion of pe-
diatric patients. This is in accordance with another study that found
nonconcordance between hospital performance on readmissions for
patients with CMS-penalized conditions and for other patient pop-
ulations.*®* Since the passage of the HRRP, Medicaid and private
insurers have been incorporating readmission measures into qual-
ity assessments and provider profiling."*>** Currently, all states
are required to report Medicaid readmission rates for patients 218,
but they use different algorithms for reporting rates. As readmis-
sion measures expand to other insurers and patient populations, we
demonstrate that the readmission rates in one patient population do
not reflect hospital performance on readmissions across all patient
populations. For instance, the pediatric readmission measure may
be a better marker of quality than the CMS hospital-wide measure
in hospitals with a large percentage of pediatric patients. Attempts
to characterize readmissions across all age-groups will likely require
multiple age-specific calculations for hospital comparisons.

This study has several limitations. First, the pediatric/adult sam-
ple included mostly larger, teaching hospitals. Although we repeated
the analyses stratified by hospital characteristics, our findings com-
paring pediatric and adult readmission rates may not be general-
izable to all hospitals. Likewise, we included many small-volume
hospitals in the adult sample. Readmission estimates in small-vol-
ume hospitals are less reliable than in large-volume hospitals, which
may limit our ability to detect correlations in this group. Second, we
adjusted for a subset of patient characteristics in risk-standardized
measures and therefore may be omitting other measures of patient
severity that account for differences in hospital readmission rates.
Specifically, we used the all-condition readmission measure devel-
oped for use in Medicare populations to calculate RSRRs for younger
patients. Although there is significant overlap in diagnoses among
adult patients, particularly middle-aged and elderly adults, the
Medicare model may not adjust for all relevant patient characteris-
tics in younger adult populations. Third, unlike the Medicare all-con-

dition readmission model, we adjusted for diagnoses on the index
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hospitalization only rather than including diagnoses from the year

prior because we lacked multiple years of data. Although additional
NRD years are available, individual patients are not linkable across
years. Finally, it is possible that the correlations for readmission
across age-groups are attributable to hospital characteristics not re-
lated to quality, such as coding practices, distribution of payers, or
interhospital transfer rates.

Overall, we found that although hospital readmission rates for
elderly adults, currently used for public reporting and hospital com-
parisons, may reflect broader hospital performance in middle-aged
and young adult populations, they are less indicative of hospital per-
formance in pediatric populations. The robustness of our findings
across hospital characteristics and smaller age categories suggests
that this relationship is widespread. Further work is needed to un-
derstand the current state of readmission reduction efforts across
hospital departments and how to best target these efforts in all age-
groups—particularly as we continue to expand readmission measures
to other conditions and populations and as insurers move further to-
ward accountable care organizations and bundled payments.
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