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Background: Measures of socioeconomic disadvantage may enable
improved targeting of programs to prevent rehospitalizations, but
obtaining such information directly from patients can be difficult.
Measures of U.S. neighborhood socioeconomic disadvantage are
more readily available but are rarely used clinically.

Objective: To evaluate the association between neighborhood so-
cioeconomic disadvantage at the census block group level, as mea-
sured by the Singh validated area deprivation index (ADI), and
30-day rehospitalization.

Design: Retrospective cohort study.

Setting: United States.

Patients: Random 5% national sample of Medicare patients dis-
charged with congestive heart failure, pneumonia, or myocardial
infarction between 2004 and 2009 (n � 255 744).

Measurements: Medicare data were linked to 2000 census data to
construct an ADI for each patient’s census block group, which were
then sorted into percentiles by increasing ADI. Relationships be-
tween neighborhood ADI grouping and 30-day rehospitalization
were evaluated using multivariate logistic regression models, con-
trolling for patient sociodemographic characteristics, comorbid con-
ditions and severity, and index hospital characteristics.

Results: The 30-day rehospitalization rate did not vary significantly
across the least disadvantaged 85% of neighborhoods, which had

an average rehospitalization rate of 21%. However, within the
most disadvantaged 15% of neighborhoods, rehospitalization rates
increased from 22% to 27% with worsening ADI. This relationship
persisted after full adjustment, with the most disadvantaged neigh-
borhoods having a rehospitalization risk (adjusted risk ratio, 1.09
[95% CI, 1.05 to 1.12]) similar to that of chronic pulmonary
disease (adjusted risk ratio, 1.06 [CI, 1.04 to 1.08]) and greater
than that of uncomplicated diabetes (adjusted risk ratio, 0.95 [CI,
0.94 to 0.97]).

Limitation: No direct markers of care quality or access.

Conclusion: Residence within a disadvantaged U.S. neighborhood
is a rehospitalization predictor of magnitude similar to chronic pul-
monary disease. Measures of neighborhood disadvantage, such as
the ADI, could potentially be used to inform policy and care after
hospital discharge.

Primary Funding Source: National Institute on Aging and Univer-
sity of Wisconsin School of Medicine and Public Health’s Institute
for Clinical and Translational Research and Health Innovation
Program.
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Thirty-day rehospitalizations affect 1 in 5 hospitalized
Medicare patients, cost more than $17 billion annu-

ally, and result in hospital-based Medicare payment penal-
ties for congestive heart failure, pneumonia, and acute
myocardial infarction rehospitalizations (1). Most persons
believe that all hospitals can prevent at least some rehospi-
talizations by using a spectrum of programs to better sup-
port vulnerable patients during the high-risk period after
hospital discharge (1–3). However, the targeting of these
programs has proven challenging, potentially because im-
portant factors contributing to rehospitalizations, such as
socioeconomic disadvantage, are not well-measured (4, 5).

Socioeconomic disadvantage is a complex theoretical
concept, which describes the state of being challenged by
low income, limited education, and substandard living
conditions for both the person and his or her neighbor-
hood or social network (6, 7). Detailed assessment of
an individual patient’s socioeconomic status is a time-
consuming and potentially uncomfortable task to add to a
clinical encounter, and because such information is rarely
available in the patient’s medical record, clinical teams of-
ten overlook socioeconomic factors when creating individ-
ualized care plans after hospital discharge (8). Measures of

neighborhood socioeconomic disadvantage, such as con-
centration of poverty in the neighborhood surrounding the
patient’s residence, could be more easily accessed and as-
signed as a risk factor at the point of patient admission by
using the patient’s address. However, the association be-
tween neighborhood disadvantage and rehospitalization
risk has not yet been established.

It is plausible that neighborhood socioeconomic disad-
vantage would influence rehospitalization risk because vul-
nerable patients depend on neighborhood supports for sta-
bility generally (9–12), and these needs are likely to be
increased in the period after hospital discharge (3). Safety-
net hospitals in the United States, which serve socioeco-
nomically disadvantaged areas, are more apt to be finan-
cially penalized for their rehospitalization rates (13–16).
Living in a socioeconomically disadvantaged neighborhood

See also:

Related article. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 775
Editorial comment. . . . . . . . . . . . . . . . . . . . . . . . . . 833

Annals of Internal Medicine Original Research

© 2014 American College of Physicians 765



has been associated with health behaviors (17); access to
food (18, 19) and safety (20); and outcomes, such as mor-
tality (10, 12–17), birthweight (21), and rehospitalization
risk for heart failure (22). In addition, important health
indicators improve with moving persons to areas of less
concentrated poverty (23, 24).

In 2003, Singh created a composite measure of neigh-
borhood socioeconomic disadvantage for the United
States, the area deprivation index (ADI), on the basis of
similar measures used in many other countries for resource
planning and health policy development (25–29). The ADI
is a factor-based index that uses 17 U.S. census poverty,
education, housing, and employment indicators to char-
acterize census-based regions (25, 27–29). It has been cor-
related with many health outcomes, including all-cause,
cardiovascular, cancer, and childhood mortality and cervi-
cal cancer prevalence (25, 27–32). Socioeconomic disad-
vantage based on neighborhood risk through a ZIP code–
linked ADI does not require a potentially lengthy and
intrusive discussion with patients and families and could
easily be made available to clinical teams and policymakers.

Our objective was to determine whether neighbor-
hood socioeconomic disadvantage could be useful to clin-
ical planning by examining its relevance in a population
likely to be targeted by clinical improvement activities de-
signed to reduce readmission risk. We analyzed the associ-
ation between ADI (defined at the census block group
level) and 30-day rehospitalizations for patients discharged
with congestive heart failure, pneumonia, or acute myocar-
dial infarction, the clinical conditions used for the current
calculation of Medicare’s rehospitalization penalties.

METHODS

Data Sources and Study Population
We used data from 2004 to 2009 from the Chronic

Condition Data Warehouse (33), including Medicare
claims and enrollment files prelinked to annual Medicare
provider of service files for a 5% random national sample
of Medicare beneficiaries. Beneficiaries who received rail-
road retirement benefits or were in an HMO were ex-
cluded because these groups have incomplete data. We
identified 307 827 patients who were older than 65 years
hospitalized with congestive heart failure, acute myocardial
infarction, or pneumonia using Medicare readmission
measure definitions (34–36). We used the ZIP�4 code
listed for the patient’s residence within Medicare data to
link to the census block group with the same ZIP�4 area
in 2000 U.S. census data for the 50 U.S. states and the
District of Columbia. Each census block group covers an
area of 600 to 3000 persons, averaging 1500 persons per
group (37). We excluded 52 083 patients without a
ZIP�4 code in their Medicare data (n � 9741) or whose
documented ZIP�4 code did not exist in the 2000 census
data (n � 42 342). Patients in this latter category may
include those who designate a post office box as their
primary residence or those who reside in new
ZIP�4 areas, U.S. territories, or institutions (such as pris-
ons). Hand-checking of a small random sampling of these
patients’ ZIP�4 codes suggests that most were assigned to
a post office box. The final sample size was 255 744 pa-
tients. These patients originated from 4802 unique hospi-
tals (mean patients per hospital, 53.3; range, 1 to 743
patients). The University of Wisconsin Institutional Re-
view Board approved this study.

Variables
Census Block Group–Level Variables

We calculated ADI scores for each U.S. census block
group using the Singh method (14, 16–18). This involved
summing Singh’s 17 census indicators weighted by Singh’s
factor score coefficients for each indicator (25) (Table 1).
The Appendix (available at www.annals.org) contains
more detail on constructing the ADI. We examined the
distribution of ADI values and sorted neighborhoods into
percentiles by increasing ADI.

Patient-Level Variables

We constructed all-cause rehospitalization within 30
days of discharge from Medicare claims (34–36). Other
variables drawn from Medicare files included patient age,
sex, race, Medicaid status, initial Medicare enrollment due
to disability, index hospitalization length of stay, and dis-
charge to a skilled-nursing facility. Race was categorized as
white, black, or other based on the beneficiary race code.
Each patient’s Centers for Medicare & Medicaid Services
hierarchical condition category score, calculated from all
outpatient and inpatient claims over the 12 months before
the index hospitalization, was included as a risk adjustment

Context

The relationship between factors indicative of personal
socioeconomic disadvantage, such as where patients live,
and readmission risk is unclear.

Contribution

The authors linked the ZIP�4 codes for Medicare patients’
residences to census block groups in the 2000 U.S. census.
For each census block group (or “neighborhood”), they
calculated an area deprivation index score. Multivariable
models assessed the relationship between area deprivation
index score rankings and rehospitalization, controlling for
patient and hospital characteristics.

Caution

The study did not assess the quality of care provided by
the hospitals.

Implication

Medicare patients from disadvantaged neighborhoods
have an increased risk for rehospitalization.

—The Editors
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measure (38). Comorbid conditions were identified using
Elixhauser methods, incorporating data from the index
hospitalization and from all hospitalizations and physician
claims during the year before the index hospitalization
(39). Of the comorbid conditions identified using this ap-
proach, 17 had frequencies of greater than 5% in the sam-
ple and were included as indicators. Comorbid conditions
occurring less often were compiled into an “other comor-
bid condition” indicator and included alcohol or drug
abuse, rheumatoid arthritis, collagen vascular disease,
chronic blood loss anemia, liver disease, lymphoma, meta-
static cancer, solid tumor without metastases, paralysis,
psychoses, and peptic ulcer disease. We assessed the rurality
of each patient’s ZIP code of residence using the U.S. De-
partment of Agriculture’s rural–urban commuting area
codes, grouped into categories of “urban core areas,” “sub-
urban areas,” “large town areas,” and “small town or iso-
lated rural areas” (40, 41). Index hospital characteristics,
including Medicare geographic region, for-profit status,
and medical school affiliation, were drawn from the Medi-
care provider of service file corresponding to the patient’s
index hospitalization date (42). We estimated the annual
Medicare discharge volume for each hospital by multiply-
ing the number of claims from each hospital in the 5%
national sample by 20. We then grouped hospitals into
low-, middle-, and high-volume tertiles. Approximately
0.1% of our sample was missing data on race (n � 291),
and less than 0.3% were missing data on hospital medical
school affiliation (n � 777) and for-profit status (n �
777). There were no missing data for other patient-level
variables.

Statistical Analysis
We examined the unadjusted relationship between

ADI percentile and 30-day rehospitalization, overall and by
primary disease. On the basis of the empirical ADI data,
the most disadvantaged neighborhoods made up the top
15% of the distribution. To better assess within-group dif-
ferences, we divided this most disadvantaged 15% into 3
equally sized 5% groupings representing the third-most,
second-most, and most disadvantaged 5% of neighbor-
hoods. The remaining neighborhoods (85%) were grouped
into a comparator category. We examined frequencies
of patient and index hospital characteristics for each
grouping.

We used logistic regression to assess the relationship
between ADI grouping and 30-day rehospitalization. Next,
to assess the full spectrum of ADI effect, we divided the
distribution into 20 equally sized neighborhood groupings
of increasing ADI (5% each) and used logistic regression to
assess the relationship between ADI grouping and rehospi-
talization. To investigate the within-hospital ADI effects
(43), we used conditional (44) and random-effects logistic
regression (45, 46). To assess differences in disease group-
ing and rural–urban effects, the relationship was evaluated
using logistic regression models stratified by disease group-

ing and rural–urban commuting area code. Patient num-
bers in stratified analyses were smaller, so we analyzed the
most disadvantaged 15% of neighborhoods as a single
group.

Control variables were drawn from theoretical models
of rehospitalization (47) and included patient hierarchical
condition category score tertile, comorbid conditions,
length of stay, discharge to skilled-nursing facility, age, sex,
race, Medicaid status, disability status, rural–urban com-
muting area code of primary residence, index hospital
medical school affiliation, for-profit status, and discharge
volume tertile. We calculated adjusted risk ratios, predicted
probabilities, and 95% CIs from these models on the basis
of marginal standardization, as per methods by Kleinman
and Norton (48) and by Localio and colleagues (49). All
models were estimated twice: once accounting for hospital-
and patient-level clustering and again using robust esti-
mates of the variance. Because no differences were noted,
we present the more conservative robust estimates. All
analyses were done using SAS, version 9.3 (SAS Institute),
and STATA, version 12 (StataCorp).

Role of the Funding Source
This project was supported by the National Institute

on Aging and the University of Wisconsin School of Med-
icine and Public Health’s Institute for Clinical and Trans-

Table 1. Census Data Block Group Components and Factor
Score Coefficients in the Singh ADI*

Census Block Group Component Factor Score
Coefficient

Percentage of population aged �25 y with �9 y of education 0.0849
Percentage of population aged �25 y with at least a high

school diploma
�0.0970

Percentage of employed persons aged �16 y in white collar
occupations

�0.0874

Median family income �0.0977
Income disparity† 0.0936
Median home value �0.0688
Median gross rent �0.0781
Median monthly mortgage �0.0770
Percentage of owner-occupied housing units (home

ownership rate)
�0.0615

Percentage of civilian labor force population aged �16 y
unemployed (unemployment rate)

0.0806

Percentage of families below the poverty level 0.0977
Percentage of population below 150% of the poverty

threshold
0.1037

Percentage of single-parent households with children aged
�18 y

0.0719

Percentage of occupied housing units without a motor vehicle 0.0694
Percentage of occupied housing units without a telephone 0.0877
Percentage of occupied housing units without complete

plumbing (log)
0.0510

Percentage of occupied housing units with �1 person per
room (crowding)

0.0556

ADI � area deprivation index.
* Components and factor score coefficients drawn from reference 28. All coeffi-
cients are multiplied by �1 to ease interpretation (greater ADI means a greater
disadvantage).
† Income disparity defined by Singh as the log of 100 � ratio of the number of
households with �$10 000 annual income to the number of households with
�$50 000 annual income.
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Table 2. Key Characteristics of Medicare Patients Discharged With Primary Diagnoses of Congestive Heart Failure, Acute
Myocardial Infarction, and Pneumonia From 2004 to 2009*

Key Characteristic Overall
(n � 255 744)

ADI Grouping of the Patient’s Neighborhood of Residence, %

Least
Disadvantaged
85% (n � 12 813)

Third-Most
Disadvantaged
5% (n � 12 798)

Second-Most
Disadvantaged
5% (n � 12 779)

Most
Disadvantaged
5% (n � 12 772)

Patients
Age

Mean age (SD), y 80.6 (8.0) 80.8 (8.0) 79.7 (8.0) 79.3 (8.0) 79.2 (8.0)
65–69 y 10 10 13 13 14
70–74 y 15 14 17 18 18
75–79 y 19 19 20 21 20
80–84 y 22 23 21 21 21
�85 y 34 34 30 28 28

Sex
Male 39 39 37 37 36
Female 61 61 63 63 64

Race
White 87 90 82 76 58
Black 9 7 15 20 33
Other 4 4 3 4 9

Medicaid
No 78 81 67 64 53
Yes 22 19 33 36 47

Disabled
No 98 98 98 97 97
Yes 2 2 2 3 3

Rural–urban commuting area for patient residence
Urban core area 66 69 42 45 64
Suburban area 8 9 6 4 2
Large town area 14 12 21 21 18
Small town and isolated rural area 12 9 31 30 17

Mean hierarchical condition category score before
index hospitalization date (SD)

2.89 (1.85) 2.87 (1.85) 2.86 (1.77) 2.95 (1.84) 3.13 (1.97)

Comorbid conditions
Hypertension 57 56 59 61 62
Congestive heart failure 48 47 51 53 54
Fluid and electrolyte disorders 39 38 40 42 43
Chronic pulmonary disease 38 37 30 43 42
Deficiency anemia 29 29 30 32 35
Valvular disease 22 23 20 20 21
Renal failure 21 20 21 24 25
Uncomplicated diabetes 17 17 19 19 20
Hypothyroidism 16 17 17 16 14
Peripheral vascular disease 16 16 17 19 19
Depression 12 12 14 13 12
Other neurologic disorders 12 12 12 14 12
Complicated diabetes 11 11 12 15 15
Pulmonary circulation disease 9 9 9 10 10
Obesity 7 7 8 9 9
Coagulopathy 6 6 6 6 7
Weight loss 6 6 6 8 8
Other 26 26 26 26 27

Primary diagnosis of index hospitalization
Congestive heart failure 44 43 44 46 49
Acute myocardial infarction 17 18 16 15 15
Pneumonia 39 39 40 39 36

Mean length of stay of index hospitalization (SD), d 5.6 (4.8) 5.6 (4.8) 5.5 (4.6) 5.5 (4.4) 5.8 (5.5)
�2 d 18 19 18 17 17
3–4 d 33 33 34 35 32
5–6 d 21 21 21 21 21
�7 d 28 28 27 27 30

Discharged to a skilled-nursing facility
No 77 76 78 78 80
Yes 23 24 22 22 20

Continued on following page
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lational Research and Health Innovation Program. The
Health Innovation Program provided assistance with the
Institutional Review Board application and data manage-
ment. No other funding source had a role in the design or
conduct of the study; data collection, management, analy-
sis, or interpretation of the data; or preparation, review, or
approval of the manuscript.

RESULTS

Neighborhood and Patient Characteristics by
ADI Grouping

Patients in the most disadvantaged 15% of neighbor-
hoods were more apt to be black; be on Medicaid; and
have greater rates of comorbid conditions, especially con-
gestive heart failure, chronic pulmonary disease, and hyper-
tension, than patients from the other 85% of neighbor-
hoods (Table 2). They were also more likely to have been
hospitalized in a for-profit hospital. Most patients in the
most disadvantaged 5% of neighborhoods lived in urban
core areas. Those in the second- and third-most disadvan-
taged 5% groups were most likely to live in rural areas or
large towns.

30-Day Rehospitalization and Patient Neighborhood ADI
When compared with the other 85% of neighbor-

hoods, residence within the most disadvantaged 15% of
neighborhoods was associated with an increased risk for
30-day rehospitalization. The 30-day rehospitalization rate
did not vary significantly across the least disadvantaged
85% of neighborhoods with an average rate of 21%. How-
ever, within the most disadvantaged 15% of neighbor-
hoods, rehospitalization rates increased from 22% to 27%
with worsening ADI (Figure 1). This pattern was main-
tained in all 3 primary diagnoses.

After adjustment, residence within the most disadvan-
taged 15% of neighborhoods continued to be associated
with increased rehospitalization risk, with the most disad-
vantaged 5% having the greatest risk (Table 3 and Appen-
dix Tables 1 and 2, available at www.annals.org). The ad-
justed rehospitalization risk ratios associated with residence
within the most disadvantaged 15% of neighborhoods
were similar to those of chronic pulmonary disease and
peripheral vascular disease and greater than those associ-
ated with having diabetes or being on Medicaid (Appendix
Table 1). This association was noted across all primary
diagnoses (Appendix Table 3, available at www.annals
.org). Sensitivity analyses, including conditional logistic re-
gression models with control for hospital, also suggest that
when comparing 2 patients who are otherwise the same but
differ by reason of neighborhood deprivation index and
arrive at the same hospital, the association of deprivation
and readmission remains (Appendix Table 4, available at
www.annals.org).

Geographic Distribution
The prevalence of the most disadvantaged neighbor-

hoods varied by Medicare geographic region (Table 4).
Certain regions, such as the Dallas, Atlanta, Chicago, and
Philadelphia regions, had a greater proportion of Medicare
patients with the penalty-eligible conditions of congestive
heart failure, pneumonia, or acute myocardial infarction
residing in the most disadvantaged U.S. neighborhoods
than other regions. Some regions, such as the Seattle re-
gion, had less than 5% of all eligible patients living in such
neighborhoods. Figure 2 shows the locations of the most
disadvantaged U.S. patient neighborhoods (that is, census
block groups) in this study.

Table 2—Continued

Key Characteristic Overall
(n � 255 744)

ADI Grouping of the Patient’s Neighborhood of Residence, %

Least
Disadvantaged
85% (n � 12 813)

Third-Most
Disadvantaged
5% (n � 12 798)

Second-Most
Disadvantaged
5% (n � 12 779)

Most
Disadvantaged
5% (n � 12 772)

Index hospitals
Medical school affiliation

None 58 58 66 63 50
Minor 22 22 21 21 23
Major 20 20 14 16 27

Hospital type
Nonprofit/public 87 88 84 83 83
For-profit 13 12 16 17 17

Mean annual total discharge volume (SD), n 6920 (5423) 7053 (5406) 5677 (4967) 5839 (5155) 6984 (6092)
Highest tertile (12 576 mean annual discharges) 35 36 27 28 33
Middle tertile (5541 mean annual discharges) 34 35 30 30 32
Lowest tertile (1950 mean annual discharges) 30 29 43 42 35

30-d patient outcomes
Rehospitalization 21 21 22 23 24
Death 16 16 15 15 13

ADI � area deprivation index.
* Values are percentages unless otherwise specified. Percentages may not sum to 100 due to rounding.
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The distribution of the most disadvantaged neighbor-
hoods also varied by rural–urban status. Nearly one third of
eligible patients residing in rural areas lived in neighbor-
hoods that were among the most disadvantaged (Appendix
Table 5, available at www.annals.org). However, residence
in the 15% most disadvantaged neighborhoods was a re-
hospitalization risk regardless of rural–urban area type.

DISCUSSION

Living in a severely disadvantaged neighborhood pre-
dicts rehospitalization as powerfully as the presence of ill-
nesses, such as peripheral vascular disease or chronic pul-
monary disease, and more powerfully than being on
Medicaid or having diabetes. This effect holds after ac-
counting for other patient- and hospital-level factors
known to influence risk for rehospitalization, including
race. Overall, patients from disadvantaged neighborhoods
are at greater risk for rehospitalization regardless of their
treating hospital.

Our findings suggest that neighborhood disadvantage
is associated with a threshold effect, with strong and in-
creasing risk for rehospitalization for residents of the most

disadvantaged 15%. This threshold effect conforms with
fundamental theories of social disadvantage (50) that indi-
cate that there is generally some point beyond which per-
sons can no longer compensate and additional disadvan-
tage leads to increasingly adverse outcomes (51). A wealth
of social science research demonstrates that “areas of con-
centrated poverty” (52, 53) place additional burdens on
poor families that live within them, beyond the effect of
the families’ individual circumstances (54). It is clear that
social support and a patient’s environment can influence
clinical outcomes, including rehospitalizations.

Although most clinicians would agree with our find-
ings, in practice, issues of socioeconomic disadvantage are
often overlooked (8) for 3 reasons: clinicians do not agree
on how to measure disadvantage, they lack time and hesi-
tate to ask for highly personal data, and they do not always
know what to do about disadvantage when they find it.
These barriers have diminished recently. The ADI, which
is widely studied and predicts rehospitalization, provides a
useful measure that is usable right now, although better
measures may be developed in the future. Because the ADI
relies entirely on publicly available census data and will be

Figure 1. Unadjusted relationship between ADI percentile of a Medicare patient’s neighborhood and 30-day rehospitalization.
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available free online through the University of Wisconsin
Health Innovation Program (www.HIPxChange.org) in
the form of a ZIP�4 code–ADI file as well as an individual
look-up tool requiring only the patient’s ZIP�4 code to
query, it avoids both the time burden and the intrusiveness
of collecting sensitive data from the patient.

On the basis of patient address alone, clinicians and
health systems could, at the point of first contact, use the
ADI to screen for patients returning to the most challeng-
ing environments. This would support the early targeting
of more intensive transitional care services, prompt discus-
sion of socioeconomic environment and need, and activate
additional community resources for these patients. Transi-
tional care interventions decrease rehospitalizations by us-
ing a series of interactions designed to empower patients,
monitor for early signs of disease worsening, and ensure
medical plans and follow-up are in place. The targeting of
transitional care programs can sometimes be challenging,
especially in low-resource health settings. We offer the ADI
as a potential way to refine such targeting. Placing a
look-up table in a hospital’s admission-processing system
to supply this high-risk screener to the clinical team should
be a very modest technical challenge.

Some European countries use composite measures of
neighborhood socioeconomic disadvantage similar to the
ADI to monitor population health and to allocate services
and funding to ensure increased support in high-risk re-
gions (25, 26). It could be used similarly in the United
States to refine characterizations of hospital service regions.
Health systems and other health-related institutions could
also use the ADI to identify neighborhoods that would
most benefit from additional outreach and services. Policy-
makers could test innovative strategies for improving living
conditions for older adults in severely disadvantaged areas
(55). Area deprivation index scores could be used to direct

funding toward community-based initiatives designed to
lower unwanted rehospitalizations (56, 57).

Medicare hospital readmissions penalties fall more
heavily on hospitals serving disadvantaged neighborhoods
than on other hospitals (13–16). Adjustment for the socio-
economic status of persons served (34–36) may level the
playing field, but so far, the debate has centered on the role
of personal socioeconomic disadvantage in readmission
risk, which remains unclear (4), and evidence that personal
indicators of disadvantage are not ideally reliable or valid
for elderly populations (58). The use of the ADI to identify
patients from the most severely disadvantaged neighbor-
hoods could be explored as an adjuster for the current
Medicare readmissions measures, one that may avoid the

Table 3. Risk for Rehospitalization Within 30 Days for Medicare Patients Discharged With Primary Diagnoses of Congestive Heart
Failure, Acute Myocardial Infarction, and Pneumonia*

Characteristic Unadjusted Risk Ratio
(95% CI)

P Value Adjusted† Risk Ratio
(95% CI)

P Value Predicted† Probability
(95% CI)

ADI grouping of the patient’s neighborhood of residence
Least disadvantaged 85% (baseline group) (ADI range,

�52.63 to 113.44)
1.00 Reference 1.00 Reference 0.21 (0.21 to 0.21)

Third-most disadvantaged 5% (ADI range, 113.45 to
115.12)

1.05 (1.02 to 1.09) 0.003 1.05 (1.01 to 1.08) 0.01 0.22 (0.22 to 0.23)

Second-most disadvantaged 5% (ADI range, 115.13 to
117.46)

1.09 (1.06 to 1.13) �0.001 1.07 (1.03 to 1.1) �0.001 0.23 (0.22 to 0.23)

Most disadvantaged 5% (ADI range, 117.47 to
129.10)

1.16 (1.12 to 1.19) �0.001 1.09 (1.05 to 1.12) �0.001 0.23 (0.22 to 0.24)

ADI � area deprivation index.
* All models used multivariate logistic regression methods to assess the relationship between ADI grouping and 30-d rehospitalization to produce risk ratios (using the
methods of Kleinman and Norton [48]) and predicted probabilities.
† All models adjusted for hierarchical condition category score; indicator variables denoting the presence of comorbid conditions, including hypertension, fluid and electrolyte
disorders, congestive heart failure, chronic pulmonary disease, deficiency anemia, uncomplicated diabetes, complicated diabetes, valvular disease, hypothyroidism, peripheral
vascular disease, coagulopathy, depression, other neurologic disorders, obesity, pulmonary circulation disease, renal failure, weight loss, and other comorbid conditions; length
of stay of the index hospitalization; an indicator variable for whether a patient was discharged to a skilled-nursing facility; patient demographic characteristics (including age,
sex, and race [white, black, or other]), Medicaid status, disability status, and rural–urban commuting area for patient residence; and index hospital characteristics (including
medical school affiliation, for-profit status, and total discharge volume tertile). Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit
status were missing for 777 patients each.

Table 4. Medicare Patients Discharged With Primary
Diagnoses of Congestive Failure, Acute Myocardial
Infarction, and Pneumonia and Who Reside in the 15%
Most Disadvantaged Neighborhoods, by Medicare Region
of Index Hospital

Centers for
Medicare &
Medicaid
Services Region

Eligible Medicare Patients
With Congestive Heart
Failure, Acute Myocardial
Infarction, and
Pneumonia, n

Eligible Patients Residing
in the 15% Most
Disadvantaged
Neighborhoods by
ADI, n (%)

Boston (I) 15 566 584 (4)
New York (II) 26 362 2744 (10)
Philadelphia (III) 26 557 3530 (13)
Atlanta (IV) 54 867 9846 (18)
Chicago (V) 54 748 6273 (11)
Dallas (VI) 28 559 9904 (35)
Kansas City (VII) 15 395 3486 (23)
Denver (VIII) 5676 754 (13)
San Francisco (IX) 20 937 943 (5)
Seattle (X) 6301 212 (3)

ADI � area deprivation index.
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limitations of personal socioeconomic indicators and better
screen for readmission risk.

Many factors should be considered when interpreting
these findings. To be included in our analyses, a patient
had to have a ZIP code of residence included within 2000
census data. Therefore, the results of this analysis may not
apply to patients without ZIP codes, such as the homeless,
and those with ZIP codes that were absent in 2000 census
data. Although many of these latter patients list a post
office box with Medicare, hospitals would have ample op-
portunity to gather residential ZIP�4 codes directly. Cen-
sus data collected in 2000 may not fully reflect neighbor-
hood characteristics in the between-census years of 2004 to
2009 used in this study. Patient-level analyses of any
geographic-based measure, including the ADI, can intro-
duce an ecological fallacy in which a region’s aggregate
traits are inappropriately attributed to a particular person.
However, our suggested use of the ADI as a clinical
screener, which could trigger clinical teams to more fully
assess for needs after discharge, should avoid this problem.
The administrative data on which we relied do not contain
direct markers of care quality or access that may affect
rehospitalization risk. It is possible that hospitals that serve
predominantly disadvantaged neighborhoods provide dif-
ferent quality of care than hospitals that serve predomi-
nantly nondisadvantaged neighborhoods, and this had an
influence on our findings (43). The available data do not

allow for a definitive conclusion in this regard, but there is
no clear evidence that safety-net hospitals, in general, differ
from non–safety-net hospitals in their quality of care (59).
Our analytic models provide evidence that the patients’
neighborhood remains a strong predictor of rehospitaliza-
tion regardless of other hospital-level factors. More robust
data should be used to study these across-hospital effects in
the future.

The effects associated with neighborhood disadvantage
may result from person-level socioeconomic disadvantage
for which community data are a proxy (10–12). In studies
of child health and mental health outcomes, neighborhood
disadvantage has been demonstrated to be an additional
risk factor beyond personal disadvantage, with worse health
and social outcomes for persons who live in both poor
families and poor neighborhoods than for persons living in
poor families in less poor neighborhoods (23, 60). Our
main aim was to produce a meaningful estimate of disad-
vantage that could be easily used by clinicians and dis-
charge planners. The relative importance of individual and
community disadvantage cannot be determined from our
data. The clarification of these associations deserves further
study.

We chose the ADI for this analysis because it is a
well-established, U.S. census-based measure that provides a
composite view of socioeconomic disadvantage for all areas
of the United States and that can be used to reliably “drill

Figure 2. Locations of the 15% most disadvantaged neighborhoods based on census block group ADI score.

Los Angeles

Chicago

Washington, DC

85% least disadvantaged neighborhoods based on ADI
15% most disadvantaged neighborhoods based on ADI

Urban block groups or neighborhoods must be viewed at greater magnification because they are composed of smaller geographic areas than their rural
counterparts. Enlargements of sample urban areas are offered to demonstrate. ADI � area deprivation index.
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down” to a relatively small geographic region (25). Others
have explored using single income-related component mea-
sures as socioeconomic markers (5, 61, 62), but single con-
struct approaches probably miss issues critical to planning
for care after hospital discharge, such as education and
living conditions. This may be why income alone shows
mixed results as a rehospitalization predictor in studies to
date (61, 62).

In conclusion, residence within a disadvantaged U.S.
neighborhood is a rehospitalization predictor of magnitude
similar to important chronic diseases. Measures of neigh-
borhood disadvantage, such as the ADI, are easily created
using data already routinely collected by the U.S. govern-
ment and freely available to the public and may be useful
in targeting patient- and community-based initiatives de-
signed to lower unwanted rehospitalization.
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APPENDIX: CALCULATING THE SINGH ADI
In their analysis and monitoring of health, Great Britain,

Sweden, Australia, New Zealand, and many other nations use
area-based composite deprivation indices; scores created by com-
piling measures of socioeconomic resources within a particular
geographic area (25, 26). In 2003, Singh created a similar ADI
for the United States (25, 27–29).

The ADI is a validated, factor-based deprivation index that
uses 17 poverty, education, housing, and employment indicators
drawn from U.S. census data to create a measure of socioeco-
nomic context for a particular census-based region (25, 27–29).
The ADI has previously been used to document many socioeco-
nomic–health associations, including the direct relationship be-
tween area deprivation and all-cause, cardiovascular, cancer, and
childhood mortality rates, and between area deprivation and cer-
vical cancer prevalence (25, 27–32).

We calculated ADI scores for each block group or neighbor-
hood using methods proposed by Singh (25, 27–29) as a way to
assess the socioeconomic context of a patient’s neighborhood.

This appendix provides a more detailed account of how we cal-
culated the ADI using the Singh methods.

The Singh ADI uses 17 U.S. census variables in its construc-
tion. We calculated these for each geographic unit (in this case, a
census block group) using publically available 2000 U.S. census
data. The U.S. census variables are as follows:

Percentage of population aged 25 years or older with less
than 9 years of education

Percentage of population aged 25 years or older with less
than a high school diploma

Percentage of employed persons aged 16 years or older in
white collar occupations

Median family income
Income disparity (defined by Singh as the log of 100 � the

ratio of the number of households with less than $10 000 in
income to the number of households with $50 000 or more in
income) (25)

Median home value
Median gross rent
Median monthly mortgage
Percentage of owner-occupied housing units (home owner-

ship rate)
Percentage of civilian labor force population aged 16 years

or older unemployed (unemployment rate)
Percentage of families below the poverty level
Percentage of population below 150% of the poverty

threshold
Percentage of single-parent households with children

younger than 18 years
Percentage of households without a motor vehicle
Percentage of households without a telephone
Percentage of occupied housing units without complete

plumbing
Percentage of households with more than 1 person per room

(crowding)
When using the Singh methods, these 17 indicators are

weighted using factor score coefficients (Table 1). When using
these Singh factor score coefficients, poverty, income, and edu-
cation have the largest relative weights among all of the 17 vari-
ables. These 17 U.S. census variables are multiplied by their
factor weights and then summed for each geographic unit. The
result is then transformed into a standardized index (the ADI) by
arbitrarily setting the index mean at 100 and SD at 20 (25).
When using this approach, neighborhoods with greater ADI
scores have greater levels of deprivation (25).

The ADI has typically been used to break geographic units
into quintiles, deciles, or other relatively ranked groupings by
ADI score. To our knowledge, it has not been used as a predictor
in its continuous, indexed form. For this study, we initially ex-
amined the distribution of ADI values and sorted neighborhoods
into percentiles by increasing ADI.
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Appendix Table 1. Risk for Rehospitalization Within 30 Days for Medicare Patients Discharged With Primary Diagnoses of
Congestive Heart Failure, Acute Myocardial Infarction, and Pneumonia in the Full Model*

Characteristic Unadjusted Risk Ratio
(95% CI)

P Value Adjusted† Risk Ratio
(95% CI)

P Value Predicted† Probability
(95% CI)

ADI grouping of the patient’s neighborhood of residence
Least disadvantaged 85% (baseline group) (ADI range,

�52.63 to 113.44)
1.00 Reference 1.00 Reference 0.21 (0.21 to 0.21)

Third-most disadvantaged 5% (ADI range, 113.45 to
115.12)

1.05 (1.02 to 1.09) 0.003 1.05 (1.01 to 1.08) 0.01 0.22 (0.22 to 0.23)

Second-most disadvantaged 5% (ADI range, 115.13 to
117.46)

1.09 (1.06 to 1.13) �0.001 1.07 (1.03 to 1.10) �0.001 0.23 (0.22 to 0.23)

Most disadvantaged 5% (ADI range, 117.47 to 129.10) 1.16 (1.12 to 1.19) �0.001 1.09 (1.05 to 1.12) �0.001 0.23 (0.22 to 0.24)

Patient comorbid conditions/severity
Hierarchical condition category score before index

hospitalization date
– – 1.12 (1.11 to 1.13) �0.001 –

Comorbid conditions
Hypertension – – 0.92 (0.90 to 0.93) �0.001 –
Fluid and electrolyte disorders – – 1.08 (1.06 to 1.10) �0.001 –
Congestive heart failure – – 1.16 (1.14 to 1.18) �0.001 –
Chronic pulmonary disease – – 1.06 (1.04 to 1.08) �0.001 –
Deficiency anemia – – 1.09 (1.07 to 1.11) �0.001 –
Uncomplicated diabetes – – 0.95 (0.94 to 0.97) �0.001 –
Complicated diabetes – – 1.03 (1.00 to 1.05) 0.02 –
Valvular disease – – 1.08 (1.06 to 1.10) �0.001 –
Hypothyroidism – – 1.03 (1.01 to 1.05) 0.01 –
Peripheral vascular disease – – 1.07 (1.05 to 1.09) �0.001 –
Coagulopathy – – 1.00 (0.97 to 1.03) 0.85 –

Depression – – 1.05 (1.02 to 1.07) �0.001 –
Other neurologic disorders – – 0.98 (0.96 to 1.00) 0.09 –
Obesity – – 1.02 (0.99 to 1.05) 0.22 –
Pulmonary circulation disease – – 1.05 (1.02 to 1.07) �0.001 –
Renal failure – – 1.11 (1.09 to 1.14) �0.001 –
Weight loss – – 0.96 (0.93 to 0.99) 0.01 –
Other – – 1.03 (1.01 to 1.05) �0.001 –

Length of stay of index hospitalization
�2 d – – Reference – –
3–4 d – – 1.07 (1.04 to 1.09) �0.001 –
5–6 d – – 1.16 (1.13 to 1.19) �0.001 –
�7 d – – 1.34 (1.31 to 1.37) �0.001 –

Discharged to a skilled-nursing facility
No – – Reference –
Yes – – 1.13 (1.11 to 1.15) �0.001 –

Patient demographic characteristics
Age

65–69 y – – Reference – –
70–74 y – – 1.01 (0.98 to 1.05) 0.38 –
75–79 y – – 1.01 (0.98 to 1.04) 0.50 –
80–84 y – – 1.01 (0.98 to 1.05) 0.36 –
�85 y – – 0.99 (0.96 to 1.02) 0.42 –

Sex
Male – – Reference – –
Female – – 0.99 (0.97 to 1.00) 0.11 –

Race
White – – Reference –
Black – – 1.06 (1.04 to 1.09) �0.001 –
Other – – 1.00 (0.96 to 1.04) 0.99 –

Medicaid
No – – Reference – –
Yes – – 1.00 (0.98 to 1.02) 0.82 –

Disability
No – – Reference – –
Yes – – 1.06 (1.00 to 1.12) 0.03 –

Rural–urban commuting area for patient residence
Urban core area – – Reference – –
Suburban area – – 1.00 (0.97 to 1.03) 0.91 –
Large town area – – 0.96 (0.94 to 0.99) 0.00 –
Small town and isolated rural area – – 1.00 (0.97 to 1.03) 0.97 –

Continued on following page
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Appendix Table 2. Risk for Rehospitalization Within 30 Days for Medicare Patients Discharged With Primary Diagnoses of
Congestive Heart Failure, Acute Myocardial Infarction, and Pneumonia for all ADI Groupings*

Characteristic Unadjusted Risk Ratio
(95% CI)

P Value Adjusted† Risk Ratio
(95% CI)

P Value Predicted† Probability
(95% CI)

ADI 5% of the patient’s neighborhood of residence
Group 1 (ADI range, �52.63 to 69.49 [least

disadvantaged 5%])
1.00 Reference 1.00 Reference 0.21 (0.21 to 0.22)

Group 2 (ADI range, 69.50 to 81.36) 1.00 (0.95 to 1.05) 0.93 0.99 (0.94 to 1.03) 0.59 0.21 (0.20 to 0.22)
Group 3 (ADI range, 81.37 to 87.69) 1.03 (0.98 to 1.08) 0.18 1.02 (0.97 to 1.06) 0.52 0.22 (0.21 to 0.22)
Group 4 (ADI range, 87.00 to 91.75) 1.01 (0.96 to 1.06) 0.63 1.00 (0.95 to 1.04) 0.91 0.21 (0.20 to 0.22)
Group 5 (ADI range, 91.76 to 94.81) 1.03 (0.98 to 1.08) 0.26 1.02 (0.97 to 1.06) 0.48 0.22 (0.21 to 0.22)
Group 6 (ADI range, 94.82 to 97.16) 1.02 (0.98 to 1.07) 0.32 1.01 (0.97 to 1.06) 0.59 0.22 (0.21 to 0.22)
Group 7 (ADI range, 97.17 to 99.31) 1.02 (0.97 to 1.07) 0.42 1.02 (0.97 to 1.07) 0.44 0.22 (0.21 to 0.22)
Group 8 (ADI range, 99.32 to 01.18) 0.99 (0.95 to 1.04) 0.78 1.00 (0.95 to 1.05) 0.96 0.21 (0.21 to 0.22)
Group 9 (ADI range, 101.19 to 102.91) 1.01 (0.96 to 1.05) 0.79 1.01 (0.96 to 1.06) 0.70 0.21 (0.21 to 0.22)
Group 10 (ADI range, 102.92 to 104.46) 1.00 (0.95 to 1.05) 0.93 1.01 (0.96 to 1.05) 0.80 0.21 (0.21 to 0.22)
Group 11 (ADI range, 104.47 to 05.86) 0.98 (0.93 to 1.02) 0.31 0.98 (0.94 to 1.03) 0.51 0.21 (0.20 to 0.22)
Group 12 (ADI range, 105.87 to 107.15) 0.98 (0.93 to 1.02) 0.34 0.98 (0.93 to 1.03) 0.37 0.21 (0.20 to 0.22)
Group 13 (ADI range, 107.16 to 108.36) 0.97 (0.93 to 1.02) 0.25 0.98 (0.93 to 1.02) 0.31 0.21 (0.20 to 0.21)
Group 14 (ADI range, 108.37 to 109.55) 0.99 (0.94 to 1.03) 0.60 0.99 (0.94 to 1.04) 0.68 0.21 (0.20 to 0.22)
Group 15 (ADI range, 109.56 to 110.75) 1.02 (0.97 to 1.07) 0.38 1.02 (0.97 to 1.07) 0.46 0.22 (0.21 to 0.22)
Group 16 (ADI range, 110.76 to 112.02) 0.98 (0.93 to 1.03) 0.39 0.99 (0.94 to 1.04) 0.61 0.21 (0.20 to 0.22)
Group 17 (ADI range, 112.03 to 113.44) 0.99 (0.94 to 1.04) 0.69 0.99 (0.94 to 1.04) 0.74 0.21 (0.20 to 0.22)
Group 18 (ADI range, 113.45 to 115.12 [third-most

disadvantaged 5%])
1.05 (1.00 to 1.10) 0.03 1.05 (1.00 to 1.10) 0.06 0.22 (0.22 to 0.23)

Group 19 (ADI range, 115.13 to 117.46 [second-most
disadvantaged 5%])

1.09 (1.04 to 1.14) �0.001 1.06 (1.01 to 1.11) 0.01 0.23 (0.22 to 0.23)

Group 20 (ADI range, 117.47 to 129.10 [most
disadvantaged 5%])

1.16 (1.10 to 1.21) �0.001 1.08 (1.03 to 1.13) 0.001 0.23 (0.22 to 0.24)

ADI � area deprivation index.
* All models used multivariate logistic regression methods to assess the relationship between ADI grouping and 30-d rehospitalization to produce risk ratios (using the
methods of Kleinman and Norton [48]) and predicted probabilities.
† All models adjusted for hierarchical condition category score; indicator variables denoting the presence of comorbid conditions, including hypertension, fluid and electrolyte
disorders, congestive heart failure, chronic pulmonary disease, deficiency anemia, uncomplicated diabetes, complicated diabetes, valvular disease, hypothyroidism, peripheral
vascular disease, coagulopathy, depression, other neurologic disorders, obesity, pulmonary circulation disease, renal failure, weight loss, and other comorbid conditions; length
of stay of the index hospitalization; an indicator variable for whether a patient was discharged to a skilled-nursing facility; patient demographic characteristics (including age,
sex, and race [white, black, or other]), Medicaid status, disability status, and rural–urban commuting area for patient residence; and index hospital characteristics (including
medical school affiliation, for-profit status, and total discharge volume tertile). Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit
status were missing for 777 patients each.

Appendix Table 1—Continued

Characteristic Unadjusted Risk Ratio
(95% CI)

P Value Adjusted† Risk Ratio
(95% CI)

P Value Predicted† Probability
(95% CI)

Index hospital characteristics
Medical school affiliation

None – – Reference – –
Minor – – 1.00 (0.98 to 1.02) 0.73 –
Major – – 1.02 (1.00 to 1.05) 0.02 –

Hospital type
Nonprofit/public – – Reference – –
For-profit – – 1.01 (0.99 to 1.03) 0.34 –

Mean annual total discharge volume
Highest tertile (12 576 mean annual discharges) – – Reference – –
Middle tertile (5541 mean annual discharges) – – 0.99 (0.97 to 1.01) 0.16 –
Lowest tertile (1950 mean annual discharges) – – 0.97 (0.95 to 0.99) 0.00 –

ADI � area deprivation index.
* All models used multivariate logistic regression methods to assess the relationship between ADI grouping and 30-d rehospitalization to produce risk ratios (using the
methods of Kleinman and Norton [48]) and predicted probabilities. Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit status
were missing for 777 patients each.
† Adjusted for all variables listed.
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Appendix Table 4. Unadjusted and Adjusted Results From Conditional Logistic Regression*

Characteristic Unadjusted Odds Ratio
(95% CI)

P Value Adjusted† Odds Ratio
(95% CI)

P Value

ADI grouping of the patient’s neighborhood of residence
Least disadvantaged 85% (baseline group) (ADI

range, �52.63 to 113.44)
1.00 Reference 1.00 Reference

Third-most disadvantaged 5% (ADI range, 113.45 to
115.12)

1.06 (1.01 to 1.11) 0.011 1.04 (0.99 to 1.09) 0.131

Second-most disadvantaged 5% (ADI range,
115.13 to 117.46)

1.14 (1.08 to 1.19) �0.001 1.09 (1.04 to 1.14) 0.001

Most disadvantaged 5% (ADI range, 117.47 to
129.10)

1.14 (1.09 to 1.19) �0.001 1.08 (1.03 to 1.14) 0.001

ADI � area deprivation index.
* 2523 patients (642 hospitals) dropped from analysis because of all positive or all negative outcomes within the group.
† All models adjusted for hierarchical condition category score; indicator variables denoting the presence of comorbid conditions, including hypertension, fluid and electrolyte
disorders, congestive heart failure, chronic pulmonary disease, deficiency anemia, uncomplicated diabetes, complicated diabetes, valvular disease, hypothyroidism, peripheral
vascular disease, coagulopathy, depression, other neurologic disorders, obesity, pulmonary circulation disease, renal failure, weight loss, and other comorbid conditions; length
of stay of the index hospitalization; an indicator variable for whether a patient was discharged to a skilled-nursing facility; patient demographic characteristics (including age,
sex, and race [white, black, or other]), Medicaid status, disability status, and rural–urban commuting area for patient residence; and index hospital characteristics (including
medical school affiliation, for-profit status, and total discharge volume tertile). Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit
status were missing for 777 patients each.

Appendix Table 3. Risk for Rehospitalization Within 30 Days, Stratified by Primary Diagnosis*

Characteristic Congestive Heart Failure
(n � 112 192)

Acute Myocardial Infarction
(n � 44 582)

Pneumonia
(n � 98 970)

Adjusted† Risk
Ratio (95% CI)

P Value Adjusted† Risk
Ratio (95% CI)

P Value Adjusted† Risk
Ratio (95% CI)

P Value

ADI grouping of the patient’s neighborhood of residence
Least disadvantaged 85% (baseline group) (ADI range,

�52.63 to 113.44)
1.00 Reference 1.00 Reference 1.00 Reference

Third-most disadvantaged 5% (ADI range, 113.45 to
115.12)

1.06 (1.02 to 1.11) 0.008 1.02 (0.94 to 1.11) 0.595 1.03 (0.97 to 1.09) 0.310

Second-most disadvantaged 5% (ADI range, 115.13 to
117.46)

1.06 (1.01 to 1.11) 0.011 1.03 (0.94 to 1.12) 0.569 1.09 (1.02 to 1.15) 0.006

Most disadvantaged 5% (ADI range, 117.47 to 129.10) 1.08 (1.03 to 1.13) 0.001 1.09 (1.00 to 1.19) 0.046 1.08 (1.01 to 1.14) 0.020

ADI � area deprivation index.
* All models used multivariate logistic regression methods to assess the relationship between ADI grouping and 30-d rehospitalization to produce adjusted risk ratios for each
diagnosis by using the methods of Kleinman and Norton (48).
† All models adjusted for hierarchical condition category score; indicator variables denoting the presence of comorbid conditions, including hypertension, fluid and electrolyte
disorders, congestive heart failure, chronic pulmonary disease, deficiency anemia, uncomplicated diabetes, complicated diabetes, valvular disease, hypothyroidism, peripheral
vascular disease, coagulopathy, depression, other neurologic disorders, obesity, pulmonary circulation disease, renal failure, weight loss, and other comorbid conditions; length
of stay of the index hospitalization; an indicator variable for whether a patient was discharged to a skilled-nursing facility; patient demographic characteristics (including age,
sex, and race [white, black, or other]), Medicaid status, disability status, and rural–urban commuting area for patient residence; and index hospital characteristics (including
medical school affiliation, for-profit status, and total discharge volume tertile). Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit
status were missing for 777 patients each.
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Appendix Table 5. Medicare Patients Discharged With Primary Diagnoses of Congestive Heart Failure, Acute Myocardial Infarction,
and Pneumonia Stratified by Rural–Urban Commuting Area*

Rural–Urban
Commuting Area of
Patient Residence

Eligible Medicare Patients With
Congestive Heart Failure, Acute
Myocardial Infarction, and
Pneumonia, n

Eligible Patients Residing in
the 15% Most Disadvantaged
Neighborhoods by ADI, n (%)

Risk for Rehospitalization Within 30 d for Patients
Residing in the 15% Most Disadvantaged Neighborhoods

Stratified by Rural–Urban Commuting Area†

Unadjusted Risk
Ratio (95% CI)

P Value Adjusted‡ Risk
Ratio (95% CI)

P Value

Urban core area 195 323 23 895 (12) 1.11 (1.08–1.13) �0.001 1.05 (1.03–1.08) �0.001
Suburban area 6839 534 (8) 1.17 (0.99–1.35) 0.052 1.10 (0.92–1.28) 0.27
Large town area 33 723 7770 (23) 1.11 (1.06–1.17) �0.001 1.06 (1.01–1.11) 0.03
Small town and

isolated rural area
19 042 6071 (32) 1.16 (1.10–1.23) �0.001 1.14 (1.07–1.21) �0.001

ADI � area deprivation index.
* All models used multivariate logistic regression methods to assess the relationship between ADI grouping and 30-d rehospitalization to produce adjusted risk ratios for each
diagnosis by using the methods of Kleinman and Norton (48).
† Risk compared with eligible patients not residing in the 15% most disadvantaged neighborhoods.
‡ All models adjusted for hierarchical condition category score; indicator variables denoting the presence of comorbid conditions, including hypertension, fluid and electrolyte
disorders, congestive heart failure, chronic pulmonary disease, deficiency anemia, uncomplicated diabetes, complicated diabetes, valvular disease, hypothyroidism, peripheral
vascular disease, coagulopathy, depression, other neurologic disorders, obesity, pulmonary circulation disease, renal failure, weight loss, and other comorbid conditions; length
of stay of the index hospitalization; an indicator variable for whether a patient was discharged to a skilled-nursing facility; patient demographic characteristics (including age,
sex, and race [white, black, or other]), Medicaid status, disability status, and rural–urban commuting area for patient residence; and index hospital characteristics (including
medical school affiliation, for-profit status, and total discharge volume tertile). Race data were missing for 291 patients. Index hospital medical school affiliation and for-profit
status were missing for 777 patients each.
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