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Abstract

A growing body of evidence has shown that neighborhood characteristics have significant effects 

on quality metrics evaluating health plans or health care providers. Using a data set of an urban 

teaching hospital patient discharges, this study aimed to determine whether a significant effect of 

neighborhood characteristics, measured by the Area Deprivation Index, could be observed on 

patients’ readmission risk, independent of patient-level clinical and demographic factors. We 

found that patients residing in the more disadvantaged neighborhoods had significantly higher 30-

day readmission risks, compared to those living in the less disadvantaged neighborhoods, even 

after accounting for individual-level factors. Those living in the most extremely socioeconomically 

challenged neighborhoods were 70 percent more likely to be readmitted than their counterparts 

who lived in the less disadvantaged neighborhoods. Our findings suggest that neighborhood-level 

factors should be considered along with individual-level factors in future work on adjustment of 

quality metrics for social risk factors.

INTRODUCTION

The continuing expansion of “pay for performance” programs in health care, and a parallel 

expansion of public reporting of quality metrics, have led to a concern about whether “safety 

net” providers are being treated fairly in these programs. A significant body of evidence 

indicates that safety net hospitals,1 Medicare Advantage plans with relatively large numbers 

of dual-eligible members,2 and physicians or physician groups serving patients with a 

disproportionate share of social risk factors3 tend to score below the average on quality 

metrics in such programs, and therefore are more likely to face financial penalties or not 

receive financial rewards.4
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The question of whether “safety net” plans or providers are being treated fairly depends on 

the nature of the relationship between social risk factors and quality measures, particularly 

measures reflecting outcomes of care. If the effects of social risk factors such as poverty, 

illiteracy, homelessness, or lack of social support are mediated by quality of care (i.e., poor 

people are served by low-quality plans or providers), then a relatively lower ranking in “pay 

for performance” or public reporting programs may seem fair. On the other hand, if the 

effects of social risk factors are independent of quality of care (e.g., patients cannot afford 

medications or do not have transportation after hospital discharge) and outside of plans’ or 

providers’ control, then the differences in “performance” reflect characteristics of the 

patients or communities served rather than quality of care.5

Previous policy of the National Quality Forum (NQF) prohibited risk adjustment for 

socioeconomic status in its endorsed performance measures.6 In 2014, after reviewing the 

policy and analyzing the issue, an expert panel report to the NQF7 recommended adjustment 

of quality measures on the basis of social and economic characteristics in specific situations. 

Two more recent reports, one by the National Academy of Medicine (NAM)8 and the other 

by the Associate Secretary for Planning and Evaluation (ASPE)9 of the Department of 

Health and Human Services made similar recommendations. As a result of the NQF panel 

recommendation, the policy against adjustment at NQF was changed to allow and encourage 

adjustment, with a two-year trial period established to allow for evaluation of the change.10 

The policy change was recently confirmed for an additional three years.11 In the two-year 

trial period, some measures have been proposed and approved by NQF with some element of 

adjustment for social risk factors,12 but the majority of measures coming through the NQF 

endorsement process have been approved without adjustment.

Most of these efforts, and many of the previous analyses of the effects of social risk factors 

on outcome measures,2,3,13 have focused on the individual patient or plan member 

characteristics, or in some instances their individual characteristics inferred from their 

addresses,14–16 as the unit of data collection and analysis. However, there are important 

influences of social risk factors on key health care quality metrics that are inherently felt at 

the community or neighborhood level instead of only at the individual level. Poor public 

transportation, crime, absence of social support programs or services such as Meals on 

Wheels, or absence of accessible primary care are characteristics of geographic areas. These 

factors have causal effects separate from those of similar factors at the individual level. For 

example, being poor and not owning a car may be a minor problem in a community with 

excellent public transportation, but may present a major challenge to access to care in a 

community with poor or non-existent public transportation. The Moving to Opportunity 

(MTO) study confirmed that positive effects in a number of domains of health and 

educational achievement could be obtained by low-income families’ moving from relatively 

more disadvantaged to relatively less disadvantaged neighborhoods.17

There have been some recent examples of analyses pointing to important effects of 

community-level variables, such as county- or city-level poverty and employment rates.18–21 

However, the distinction between individual-level and community-level social risk factors 

has not yet been explored in detail in the context of quality measurement and risk 

adjustment.
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The Area Deprivation Index (ADI) is a promising measure of neighborhood-disadvantage 

that could influence health care outcomes, including readmission risk. The ADI was 

originally created by the US federal government over two decades ago from long-form 

Census data and primarily used at the county level to assess mortality and disease 

prevalence. To make the metric more applicable to the modern era, the ADI has been refined 

to the census block group (i.e., “neighborhood”) level and adapted to updated data sources 

from the American Community Survey by Kind and team at the University of Wisconsin 

School of Medicine and Public Health. This updated, refined ADI has been validated using a 

number of known neighborhood disadvantage-linked outcomes, and is being actively used 

by the Centers for Medicare and Medicaid Services (CMS) in one of its programs.22, 23 A 

previous national study20 using ADI as the neighborhood disadvantage measurement found 

that readmission rates increased significantly among Medicare patients residing in the top 

15% most disadvantaged neighborhoods.

The analyses reported here were designed to determine whether an independent effect of the 

ADI on hospital readmission could be observed in a data set of hospital discharges, when 

patient clinical and demographic characteristics were taken into account. Our hypothesis was 

that we would see a similar relationship between neighborhood disadvantage level and 

readmission risk among our study cohort as had been observed in the older national study, 

even with patient-level clinical and sociodemographic factors included in the models. 

Finding such an effect would suggest that community-level factors should be considered 

along with individual-level factors in future work on adjustment of quality metrics for social 

risk factors.

METHODS

DATA

We used two major data files. Our readmission data file was obtained from a “dry run 

report” distributed by CMS to the hospital for review for the purpose of public reporting. 

This file contained all qualified index admissions and 30-day readmissions (to any hospital) 

for Medicare fee-for-service patients aged 65 years and above, who were discharged from 

Henry Ford Hospital (HFH) in 2010. A detailed description of the study setting, patient 

population, and inclusion/exclusion criteria can be found in our previous study.24 We 

extracted patients’ demographics, street addresses, and clinical data from Corporate Data 

Store, the hospital’s central repository for patient encounter data. Michigan ADI dataset 

(block group files V1.2) was obtained through the University of Wisconsin-Madison School 

of Medicine and Public Health. This file provided ADI scores for 8205 census block groups 

in Michigan. We geocoded patients’ street addresses to census block groups, linked the 

readmission to the Michigan ADI file, and assigned each patient a neighborhood ADI value 

according to the census block group in which he or she resided.

KEY VARIABLES

Our dependent variable was 30-day readmission, which was constructed following the 

relevant definitions and specifications of the CMS hospital-wide all-cause unplanned 30-day 

readmission (HWR) measure. Our key explanatory variable was a patient’s neighborhood 
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ADI score, using methods previously described. A larger ADI score indicates a higher level 

of disadvantage.

Primary diagnosis at time of discharge was defined as the principal discharge diagnosis of 

the index admission; comorbidities were assessed using additional diagnosis data from the 

index admission and any admissions in the prior year. The top ten primary diagnoses present 

at discharge and comorbidities with a prevalence among study patients of >10% were 

included in our model; all other comorbidities were grouped into an “other” category. 

Appendices A and B show the detailed ICD-9 codes and CMS risk variable groups we used 

to identify the clinical factors.

STATISTICAL APPROACHES

We first examined the distribution of the ADI values among our study cohort, and compared 

it with the national distribution, considering that the study area (Detroit Metropolitan Area) 

is one of the areas with the highest concentration of socially and economically 

disadvantaged neighborhoods in the nation. Second, since previous national studies showed 

a nonlinear relationship between patient outcomes and ADI,20 we explored whether this 

nonlinear relationship also existed among our study population. We sorted all admissions 

according to the patients’ ADI scores into 20 equally-sized groups and observed the 

unadjusted relationship between patient ADI groups and the readmission rates of the groups.

Previous national analyses have demonstrated a marked increase in readmission risk 

amongst the top 15% most disadvantaged neighborhoods by ADI.20 This corresponds to an 

ADI value of 116.2, which falls close to the HFH cohort ADI median (117.6). Guided by 

these findings and comparisons of the national and local ADI distributions, we grouped the 

HFH neighborhoods into two disadvantage levels: neighborhoods with ADI values in the top 

50% of the overall HFH ADI distribution were classified as more disadvantaged while those 

in the lower 50% were classified as less disadvantaged.

Multivariate regression analysis was used to examine the relationship between neighborhood 

disadvantage level and readmission risk. Our multivariate models followed the clinical risk 

adjustment methods for the HWR measure, and adjusted for the most common primary 

diagnoses at time of discharge and comorbidities among the patients. We also included the 

following patient-level social and demographic characteristics: age, sex, race, and marital 

status. Definitions and details of the specifications of these covariates can be found in our 

previous study.24 We selected all the independent variables in the multivariate model based 

on relevant literature25 and conceptual models of readmission.

Finally, given our observation of the relationship between readmission and the highest ADI 

values at the right tail of the ADI distribution, we did an exploratory analysis to examine this 

most extremely socioeconomically challenged group by identifying patients living in the top 

5% highest HFH ADI neighborhoods (the “most disadvantaged” group) and comparing their 

readmission risk with that of the “less disadvantaged” group. All statistical analyses were 

performed using STATA/SE version 13 (StataCorp).
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RESULTS

We started with a data set containing 6832 qualified admissions for 4646 unique patients. 

Among those, 187 admissions for 137 unique patients could not be mapped to census block 

groups with high confidence point mapping and therefore could not be linked to the ADI 

file, leaving us a final cohort of 6645 hospital admissions for 4509 unique patients. ADI 

scores for the study cohort ranged from 27.4 to 129.2, with a mean of 114.7 and a median of 

117.6 (Figure 1A). Compared to national ADI distribution (range 2.1 – 129.3, mean 100.0, 

median 105.4), more of our study patients lived in higher ADI (more disadvantaged) 

neighborhoods. More than half of HFH patients lived in the most disadvantaged 

neighborhoods as defined by the top 15% highest ADI neighborhoods in the nation (ADI > 

116.2) (Figure 1B).

Figure 2 shows the relationship between the HFH ADI scores (in 20 HFH-specific percentile 

groups) and the readmission rates, unadjusted for any covariates and clinical factors. The 

trend of readmission rates across the 20 HFH ADI groups was not linear, and in general 

showed a significant increase after the HFH ADI median point (corresponding roughly to the 

most disadvantaged neighborhood cut point nationwide). At the very high end of the ADI 

distribution, among the top 5% “most disadvantaged” HFH neighborhoods, the readmission 

rate increased substantially to 25.9%, from an average of 16.1% across the first half of all 

HFH neighborhoods (“less advantaged”) and an average of 21.9% across the 45% 

neighborhoods in between.

Table 1 describes the patient characteristics by their residing neighborhood ADI score 

groups (“less disadvantaged” vs. “more disadvantaged”) for HFH. Compared to those living 

in the “less disadvantaged” HFH neighborhoods (bottom 50%; below the HFH ADI median 

point), patients in the “more disadvantaged” neighborhoods (top 50%) were older, 

predominantly female, of Black race, and unmarried. There were larger proportions of 

primary diagnosis at time of discharge of congestive heart failure (CHF), chronic obstructive 

pulmonary disease (COPD) and bronchiectasis, urinary tract infections (UTI), and fluid and 

electrolyte disorders among those living in the “more disadvantaged” neighborhoods, 

compared to their “less disadvantaged” counterparts. As for clinical comorbidities, a larger 

proportion of those living in the “more disadvantaged” neighborhoods had diabetes, CHF, 

COPD, acute renal failure, and any other comorbidity, but a smaller proportion of them had 

specified arrhythmias and drug/alcohol disorders and psychiatric conditions, compared to 

their “less disadvantaged” counterparts.

Table 2 reports the results of the multivariate regression examining the relationship between 

patient’s neighborhood disadvantage level (measured by the two HFH ADI groups) and 

readmission risk, controlling for patient-level demographic and clinical factors. Older 

(OR=1.27, P=.001) and male (OR=1.38, P=.000) patients had a higher readmission risk 

compared to their younger and female counterparts; married patients were less likely to have 

30-day readmissions (OR=.79, P=.001). All other factors held constant, patients residing in 

the “more disadvantaged” neighborhoods had significantly higher risks of being readmitted, 

compared to those living in the “less disadvantaged” neighborhoods (OR=1.42, P=.000).
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Results of our exploratory analysis of the top 5% “most disadvantaged” HFH ADI 

neighborhoods (Table 3) show that patients living in these most extremely 

socioeconomically challenged HFH neighborhoods were 70 percent more likely to be 

readmitted than those living in the “less disadvantaged” neighborhoods (OR=1.70, P=.000).

DISCUSSION

The finding of greatest policy importance is the significant predictive power of the ADI for 

hospital readmission, in a data set and an analytic model in which clinical predictors and 

individual-level demographics had already been considered. This finding strongly suggests 

that area-level or community-level variables can influence health care outcomes such as 

hospital readmission through causal pathways that are independent of individual-level 

characteristics. This finding is consistent with other work supporting the important impact 

neighborhood disadvantage can have on health outcomes.18–21 For example, Joynt and Jha 

found patients discharged from hospitals in low-income counties had a higher readmission 

risk compared with those discharged from hospitals in high-income counties.18 Herrin and 

colleagues extended the study by including more county-level characteristics and concluded 

that as much as 60% of the variance in hospital readmission rates could be explained by 

these county-level characteristics.19 Kind and colleagues demonstrated that living in a highly 

disadvantaged neighborhood increased risk of 30-day readmission as much as having 

chronic lung disease.20 Hu and Nerenz found that approximately 20% of the variance on 

CMS “star” ratings for hospitals could be explained by a set of city-level characteristics 

including poverty, employment, and crime.21 Additional investigation in this area is 

underway.

Similar to the findings of Kind and colleagues, 20 the effect of neighborhood disadvantage 

on readmission was not linear. Across the lower part of the HFH ADI distribution, there was 

no detectable effect on readmission rates. In the upper tail of the distribution reflecting the 

highest degree of disadvantage, though, the effect was significant. It does not seem to matter 

whether one lives in a relatively affluent area compared to a middle-class area; the likelihood 

of readmission is not different. This probably reflects a sort of “minimum necessity” 

phenomenon. There may be a certain necessary level of supportive services or characteristics 

in a neighborhood for patients who have been discharged from a hospital. If that minimum 

level is met, readmission is relatively unlikely and may be driven primarily by individual-

level clinical or social factors and/or by actual variation in quality of care. If the minimum 

level is not met, though, then there is a higher likelihood of readmission even with the other 

factors taken into account.

The ADI distribution found in this study was quite different from the national distribution, 

with a significant effect on readmission noted in the top half of the HFH distribution, 

corresponding to the top 15% of the national ADI distribution. This reflects the “safety net” 

status of HFH and that it cares for a much more disadvantaged population than the national 

average. The higher readmission rate in the top half of the HFH distribution replicates the 

earlier finding about poorer outcomes in the top 15% of the national distribution.20 An 

additional significant effect was noted in the top 5% of the HFH distribution, suggesting that 

the most challenged neighborhoods carry even more risk.
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Our study had several limitations. First, the data set used in the study is from just one 

hospital, so the findings reported here may not be directly generalizable to other hospitals or 

to other communities. The ability to detect an effect of ADI, and the specific shape of the 

effect across a local ADI distribution, may differ across study contexts. On the other hand, 

the focus on one hospital eliminates some potential confounding variables that have to be 

managed in larger multi-hospital studies, such as characteristics of the hospitals’ physician 

staff or state-level variation in Medicaid eligibility and scope of services (e.g., 

transportation) paid for by Medicaid.24 Second, even though we considered a full range of 

variables in our analyses based on the existing literature, we were unable to completely 

disentangle the effects of patient- and community-level characteristics, due to the complex 

interplay between them. For example, the effects of clinical factors/comorbidities (and their 

day-to-day management) and neighborhood characteristics were likely to intertwine. Third, 

we did not examine the patients who died within 30 days following discharge and how it 

would affect our study findings. We did not have that information from the CMS dry run 

data file. The relationship between mortality and readmission has been controversial and 

studies have mixed findings.26,27 The overall conclusions are that mortality and readmission 

are not correlated or only weakly but significantly correlated,26 and the correlation can be 

either positive or negative.27 Fourth, data were unavailable to allow us to examine the 

specific reasons for readmissions, especially those linked to social factors, either at patient 

or at community level, such as lack of transportation for follow-up visits. This is an 

important question to be investigated in future work but is beyond the scope of the present 

study. And finally, we could have missed some unobserved variables, or some important 

clinical factors that were unavailable in our data files or we did not identify that could affect 

patients’ readmission risk.

An accurate and unbiased measure of quality, whether in the context of hospital readmission 

or any other context in health care, requires careful adjustment of confounding factors that 

influence the measure but do not have anything to do with the actual quality of care 

provided. Recent efforts to identify and adjust for those confounders have focused heavily 

on individual-level patient characteristics, with varying levels of success.2,3,13 The findings 

of this study suggest that the scope of analysis should expand to include neighborhood- or 

community-level variables, such as ADI, that may have effects on health care quality metrics 

that are not only independent of quality of care, but also independent of patient-level factors. 

Being poor in a high-disadvantage neighborhood or community is not the same experience 

as being poor in a low-disadvantage neighborhood or community. The effects of both 

individual-level and community-level variables should be considered in developing risk-

adjustment models for health care quality metrics.
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Figure 1A. 
Distribution of ADI Values among Henry Ford Hospital Medicare Fee-For-Service 

Beneficiaries 65+, 2010
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Figure 1B. 
Comparison of the ADI Values by Percentiles between National and Henry Ford Hospital 

Patients

Note: The horizontal dotted reference line indicates the ADI value of 116.2, the 85% of the 

national ADI distribution.
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Figure 2. 
Unadjusted Relationship between ADI Value (in Percentiles) and Readmission Rate: Henry 

Ford Hospital Medicare Fee-For-Service Beneficiaries 65+, 2010
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Table 1

Demographic and Clinical Characteristics and 30-Day Readmission Rates, Stratified by Neighborhood 

Disadvantage Levels: Henry Ford Hospital Medicare Fee-For-Service Beneficiaries 65+, 2010

Characteristic
Overall

(N=6,645)
Less Disadvantaged

(N=3,327)
More Disadvantaged

(N=3,318) p-value

Age (in years) 77.1 76.7 77.5 *** .000

Sex: male (%) 45 48 41 *** .000

Marital Status: married (%) 43 52 34 *** .000

Race: Black (%) 65 45 84 *** .000

Primary Diagnosis at Time of Discharge (%)

 Congestive heart failure 7.2 6.0 8.4 *** .000

 Septicemia 3.9 3.5 4.3 .072

 Acute myocardial infarction 3.8 3.7 3.9 .549

 Acute cerebrovascular disease 3.8 3.9 3.7 .671

 Complication of device 3.6 3.8 3.3 .217

 Chronic obstructive pulmonary disease and bronchiectasis 3.3 2.3 4.3 ***.000

 Urinary tract infections 3.5 2.7 4.2 ***.000

 Cardiac dysrhythmias 3.1 3.2 3.0 .491

 Pneumonia 2.8 2.6 3.0 .255

 Fluid and electrolyte disorders 2.8 2.3 3.3 *.014

Comorbidities (%)

 Diabetes mellitus 37.4 35.7 39.1 **.004

 Congestive heart failure 10.4 7.7 13.1 ***.000

 Coronary atherosclerosis/angina, cerebrovascular disease 47.6 46.6 48.6 .093

 Specified arrhythmias 24.2 26.2 22.1 ***.000

 Chronic obstructive pulmonary disease 15.3 14.5 16.2 *.047

 Acute renal failure 13.8 10.7 16.9 ***.000

 Cancers 10.9 11.6 10.2 .059

 Drug/alcohol disorders and psychiatric conditions 12.8 13.7 12.0 *.034

 Other 39.9 37.9 42.0 **.001

Readmission (%) 19.2 16.1 22.3 ***.000

Notes:

The ADI cut point (50% or median) used to classify the neighborhoods (less disadvantaged vs. more disadvantaged) was based on the HFH ADI 
distribution, rather than the national distribution which was referred to for the purpose of comparison only.

Other comorbid risk factors include: severe infection, other infectious disease & pneumonias, protein-calorie malnutrition, end-stage liver disease, 
other hematological disorders, hemiplegia, paraplegia, paralysis, functional disability, seizure disorders and convulsions, fibrosis of lung or other 
chronic lung disorders, dialysis status, ulcers, septicemia/shock, disorders of fluid, electrolyte, acid-base, iron deficiency, cardiorespiratory failure 
or cardiorespiratory shock, pancreatic disease, rheumatoid arthritis and inflammatory connective tissue, respirator dependence/tracheostomy status, 
transplants, coagulation defects/other specified hematological disorders, hip fracture/dislocation.
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***
p<.001

**
p<.01

*
p<.05
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Table 2

Multivariate Logistic Regression Results of Relationship between Patient Characteristics and Readmission 

Risk: Comparing Patients Living in “More Disadvantaged” Neighborhoods and Patients Living in “Less 

Disadvantaged” Neighborhoods

Characteristics OR 95% CI p-value

Neighborhood

 Less disadvantaged (bottom 50%): reference

 More disadvantaged (top 50%) 1.42 1.23 1.63 ***.000

Age (in years) 1.27 1.10 1.47 **.001

Sex: male 1.38 1.21 1.58 ***.000

Marital Status: married 0.79 0.69 0.90 **.001

Race: Black 0.95 0.81 1.10 .456

Primary Diagnosis at Time of Discharge

 Congestive heart failure 1.42 1.12 1.79 **.004

 Septicemia 1.17 0.86 1.59 .322

 Acute myocardial infarction 1.43 1.05 1.97 *.026

 Acute cerebrovascular disease 0.63 0.43 0.92 *.016

 Complication of device 1.07 0.76 1.49 .702

 Chronic obstructive pulmonary disease and bronchiectasis 1.14 0.81 1.61 .443

 Urinary tract infections 1.16 0.83 1.62 .392

 Cardiac dysrhythmias 0.89 0.60 1.31 .551

 Pneumonia 1.19 0.83 1.70 .357

 Fluid and electrolyte disorders 1.02 0.71 1.48 .909

Comorbidities

 Diabetes mellitus 1.11 0.97 1.26 .121

 Congestive heart failure 1.22 0.99 1.51 .067

 Coronary atherosclerosis/angina, cerebrovascular disease 0.95 0.83 1.09 .476

 Specified arrhythmias 1.13 0.98 1.31 .098

 Chronic obstructive pulmonary disease 1.15 0.97 1.36 .109

 Acute renal failure 1.51 1.24 1.83 ***.000

 Cancers 1.52 1.26 1.84 ***.000

 Drug/alcohol disorders and psychiatric conditions 1.12 0.93 1.35 .235

 Other 1.56 1.36 1.79 ***.000

Notes:

The ADI cut point (50% or median) used to classify the neighborhoods (less disadvantaged vs. more disadvantaged) was based on the HFH ADI 
distribution, rather than the national distribution which was referred to for the purpose of comparison only.

Other comorbid risk factors include: severe infection, other infectious disease & pneumonias, protein-calorie malnutrition, end-stage liver disease, 
other hematological disorders, hemiplegia, paraplegia, paralysis, functional disability, seizure disorders and convulsions, fibrosis of lung or other 
chronic lung disorders, dialysis status, ulcers, septicemia/shock, disorders of fluid, electrolyte, acid-base, iron deficiency, cardiorespiratory failure 
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or cardiorespiratory shock, pancreatic disease, rheumatoid arthritis and inflammatory connective tissue, respirator dependence/tracheostomy status, 
transplants, coagulation defects/other specified hematological disorders, hip fracture/dislocation.

OR is odds ratio; CI is confidence interval.

***
p<.001

**
p<.01

*
p<.05
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Table 3

Multivariate Logistic Regression Results of Relationship between Patient Characteristics and Readmission 

Risk: Comparing Patients Living in “Most Disadvantaged” Neighborhoods and Patients Living in “Less 

Disadvantaged” Neighborhoods

Characteristics OR 95% CI p-value

Neighborhood

  Less disadvantaged (bottom 50%): reference

  Disadvantaged (45% in between) 1.39 1.21 1.60 ***.000

  Most disadvantaged (top 5%) 1.70 1.28 2.25 ***.000

Age (in years) 1.27 1.10 1.47 **.001

Sex: male 1.39 1.22 1.58 ***.000

Marital Status: married 0.80 0.70 0.91 **.001

Race: Black 0.94 0.81 1.09 .408

Primary Diagnosis at Time of Discharge

 Congestive heart failure 1.42 1.12 1.79 **.004

 Septicemia 1.17 0.86 1.58 .330

 Acute myocardial infarction 1.43 1.04 1.96 *.027

 Acute cerebrovascular disease 0.63 0.43 0.92 *.017

 Complication of device 1.07 0.77 1.50 .680

 Chronic obstructive pulmonary disease and bronchiectasis 1.15 0.81 1.62 .434

 Urinary tract infections 1.15 0.82 1.61 .415

 Cardiac dysrhythmias 0.88 0.60 1.31 .535

 Pneumonia 1.19 0.83 1.70 .354

 Fluid and electrolyte disorders 1.02 0.71 1.48 .904

Comorbidities

 Diabetes mellitus 1.11 0.97 1.26 .133

 Congestive heart failure 1.22 0.99 1.52 .065

 Coronary atherosclerosis/angina, cerebrovascular disease 0.96 0.84 1.09 .507

 Specified arrhythmias 1.13 0.98 1.31 .100

 Chronic obstructive pulmonary disease 1.15 0.97 1.37 .101

 Acute renal failure 1.51 1.24 1.83 ***.000

 Cancers 1.53 1.27 1.84 ***.000

 Drug/alcohol disorders and psychiatric conditions 1.12 0.93 1.35 .234

 Other 1.56 1.36 1.79 ***.000

Notes:

The ADI cut points (50% or median, 45% in between, and top 5%) used to classify the neighborhoods were based on the HFH ADI distribution, 
rather than the national distribution which was referred to for the purpose of comparison only.

The “most disadvantaged” neighborhoods were defined as the top 5% highest HFH ADI neighborhoods.
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Other comorbid risk factors include: severe infection, other infectious disease & pneumonias, protein-calorie malnutrition, end-stage liver disease, 
other hematological disorders, hemiplegia, paraplegia, paralysis, functional disability, seizure disorders and convulsions, fibrosis of lung or other 
chronic lung disorders, dialysis status, ulcers, septicemia/shock, disorders of fluid, electrolyte, acid-base, iron deficiency, cardiorespiratory failure 
or cardiorespiratory shock, pancreatic disease, rheumatoid arthritis and inflammatory connective tissue, respirator dependence/tracheostomy status, 
transplants, coagulation defects/other specified hematological disorders, hip fracture/dislocation.

OR is odds ratio; CI is confidence interval.

***
p<.001

**
p<.01

*
p<.05
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