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Abstract

Objective: To evaluate associations between a readily available composite measurement of
neighborhood socioeconomic disadvantage (the Area Deprivation Index (ADI)) and 30-day
readmissions for patients who were previously hospitalized with sepsis.

Design: A retrospective study.
Setting: An urban, academic medical institution.

Patients: The authors conducted a manual audit for adult patients (18 years of age or older)
discharged with an ICD-10 code of sepsis during the 2017 fiscal year to confirm that they met
SEP-3 criteria.
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Measurements: The ADI is a publicly available composite score constructed from
socioeconomic components (e.g. income, poverty, education, housing characteristics) based on
census block level, where higher scores are associated with more disadvantaged areas (range 1
through 100). Using discharge data from the hospital population health database, residential
addresses were geocoded and linked to their respective ADI. Patient characteristics, contextual-
level variables, and readmissions were compared by t-tests for continuous variables and Fisher’s
exact test for categorical variables. The associations between readmissions and ADI were explored
using logistic regression models.

Main Results: A total of 647 patients had an ICD-10 diagnosis code of sepsis. Of these 647, 116
(17.9%) either died in hospital or were discharged to hospice and were excluded from our analysis.
Of the remaining 531 patients, the mean age was 61.0 (+ 17.6 years), 281 were females (52.9%),
and 164 (30.9%) were active smokers. The mean length of stay was 6.9 (+ 5.6 days) with the mean
sequential organ failure assessment (SOFA) score 4.9 (+ 2.5). The mean ADI was 54.2 (+ 23.8).
The mean ADI of patients who were readmitted was 62.5 (+ 27.4), which was significantly larger
than the ADI of patients not readmitted (51.8 (+ 22.2)) (p<0.001). In adjusted logistic regression
models, a greater ADI was significantly associated with readmissions (beta 0.03, p<0.001).

Conclusion: Patients who reside in more disadvantaged neighborhoods have a significantly
higher risk for 30-day readmission following a hospitalization for sepsis. The insight provided by
neighborhood disadvantage scores, such as the ADI, may help to better understand how
contextual-level socioeconomic status affects the burden of sepsis-related morbidity.

Keywords
health disparities; sepsis; area deprivation index

INTRODUCTION

Sepsis is a life-threatening, acute organ dysfunction caused by an infection.1 While millions
of people are affected by sepsis every year?3, in-hospital mortality from this condition has
declined significantly over the last two decades*®. With the fall in mortality, a large cohort
of sepsis survivors has emerged. However, survivors of sepsis face significant healthcare
consequences due to exacerbation of their chronic co-morbidities® or to emergence of new
symptoms and disabilities*. Further, these consequences have resulted in costly and
disjointed healthcare utilization at a time where there is limited understanding of efficient
post-sepsis recovery care and management.89

One healthcare consequence of patients who survived sepsis is higher likelihood of
rehospitalizations!®. Rehospitalizations after sepsis are common, with more than a third of
sepsis survivors readmitted to the hospital within 30-days of initial dischargel®, and up to
40% within 90-days of dischargell. Many factors are associated with likelihood of
rehospitalization after sepsis, from antibiotic exposure? to individual socioeconomic
factors, such as minority status3, low incomel3, and male gender!4. One challenge involved
in using individual socioeconomic variables for assessment of rehospitalization risk for
sepsis survivors is that many of these variables are not comprehensively captured in clinical
practice, limiting patient-centered approaches to sepsis recovery management. Additionally,
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contextual-level (specifically, neighborhood) socioeconomic risk factors can influence health
outcomes independently of commonly measured individual-level factors, through pathways
such as higher exposure to unsanitary conditions or lack of healthy food availability, which
may exacerbate existing conditions and increase the likelihood of readmission.1:16
However, the effect of neighborhood disadvantage on sepsis recovery and sepsis
rehospitalizations in the United States is unknown. Understanding this relationship may aid
in design and implementation of strategies to help specific populations discharged from the
hospital after an admission with sepsis.

We investigated whether neighborhood disadvantage is associated with rehospitalizations for
patients who survived sepsis. We hypothesized that patients discharged from a
hospitalization with a diagnosis of sepsis would experience greater odds of 30-day
rehospitalizations if they were from disadvantaged neighborhoods as compared to patients
from more affluent areas.

METHODS
Study Population

Measures

Eligible patients included those aged 18 years and older who were discharged with an
International Classification of Disease, 10" edition, Clinical Modification (ICD-10) code of
sepsis (sepsis, severe sepsis, septic shock) during the 2017 fiscal year. These patients
underwent a manual audit to confirm that they met the criteria of sepsis or septic shock, as
defined by the International Sepsis Definitions Conference (Sepsis-3).1 In order to study
only patients who had potential for readmissions, we excluded all patients who did not
survive their hospitalization or were transferred to hospice. All patients reviewed were from
a single-center, academic, urban hospital. An Institutional Review Board waiver was
obtained before conducting this study in accordance with institutional regulations.

Area Deprivation Index (ADI).—Neighborhood disadvantage was measured by the Area
Deprivation Index (ADI), a validated, publicly available geospatial index of socioeconomic
disadvantage constructed from U.S. Census data and updated to incorporate 2013 American
Community Survey data.1”18 A well-established composite measure of socioeconomic
disadvantage for all areas of the United States, the ADI reliably drills down to the smallest
geographic units (block groups) and has been associated with several chronic health
outcomes, 15:17.19-24

Using discharge data from the Johns Hopkins Bayview Medical Center Population Health
Database, patients’ addresses were used to identify their respective U.S. Census block group,
and block groups were matched to their respective ADI ranking. The ADI reports a value
from 1 (least disadvantaged) to 100 (most disadvantaged) and is freely available at
www.neighborhoodatlas.medicine.wisc.edu. The ADI is a composite score constructed from
17 indicators in the domains of income, education, housing, employment, home and vehicle
ownership, and family structure weighted by factor score coefficients for each indicator.17:19
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Individual Variables.—Gender, race (Caucasian/white or other), ethnicity (Hispanic or
not?), and insurance status (Medicare, Medicaid, Other) are captured within the population
health database and were included in the analyses. Additional exposures included smoking
status (“active/former” versus “never” smoker). Former smokers were defined as individuals
who have smoked more than 100 cigarettes in their lifetime and quit smoking within the last
5 years, and were categorized together with active smokers.25

To assess baseline severity of chronic co-morbidities, the Charlson co-morbidity index was
calculated for each patient.28 To capture organ dysfunction brought on by the acute episode
of sepsis or septic shock, sequential assessment of organ dysfunction (SOFA) was calculated
on each patient, with the worst value recorded in the first 24-hours of the hospitalization
reported.1-27:28 Finally, length of hospitalization and place of discharge were also collected.

Outcome Measures.—The primary outcome was a 30-day readmission, as defined by the
Centers for Medicare and Medicaid Services (CMS) hospital-wide all-cause unplanned 30-
day readmission measure.2?

Statistical Analysis

RESULTS

Descriptive analyses examined the variable distribution and obtained means and proportions.
To evaluate patients who were not readmitted within 30-days of their initial hospital
discharge versus those patients who were, we dichotomized patients into “readmitted” and
“not readmitted”. Patient characteristics, ADI value, and 30-day readmissions were
compared by t-tests for continuous variables and Fisher’s exact test for categorical variables.

To assess the independent associations between ADI score and 30-day readmissions for
patients who were discharged from the hospital after surviving sepsis, we employed a
multivariable logistic regression with robust standard error estimator, employing link
functions for continuous and count outcomes as appropriate. For continuous ADI, we
estimated the predicted difference in outcome for one standard deviation increase in ADI
adjusting for covariates that included age, sex, race, exposures (Smoking status), insurance
type, Charlson co-morbidity index, SOFA score, length of intensive care unit stay, and
length of hospitalization.

Standard logistic regression diagnostics were performed including Hosmer-Lemeshow
goodness of fit test and McFadden’s R squared test. Covariates were selected as they were
identified to be clinically relevant. All analyses were completed using R Studio version
1.1.442. Statistical significance was defined as P<0.05.

Patient Characteristics

There were 1007 patients discharged with an ICD-10 code of sepsis. After a manual audit of
the data, 647 (64.3%) patients met criteria for sepsis or septic shock per the Sepsis-3
definition. Of the 647 patients, 116 (17.9%) either died in hospital or were discharged to
hospice. These patients were excluded from further analysis, resulting in 531 patients
remaining in the study cohort.
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Of the 531 patients who survived sepsis, mean age was 61.0 (+ 17.6 years) and 281 were
females (52.9%) (See Table 1). The mean Charlson co-morbidity index was 4.2 (£ 2.1) and
164 (30.9%) were active smokers. Their mean ADI was 54.2 (+ 23.8) (range went from as
low as 2 to as high as 100). The mean SOFA score during their sepsis related hospitalization
was 4.9 ( 2.5) and the mean length of stay for their hospitalization was 6.9 (+ 5.6 days).
The majority of patients, 358 (67.3%), were discharged home. Of the 531 patients, 117
(22.0%) had a readmission within 30 days. Of those 117 patients with a readmission, 39
patients had a re-infection, 68 had an exacerbation of their chronic conditions, and 10 were
admitted for “concerning symptoms” without a primary admitting diagnosis.

Factors Associated with Readmissions

Patients who were readmitted had a greater mean ADI (62.5 (+ 27.4)) as compared to those
who were not readmitted within 30-days of initial hospital discharge (mean ADI 51.8 (£
22.2), p<0.01). Further, patients who were readmitted had a significantly longer index
hospitalization (mean of 8.7 (+ 6.9 days)) versus patients who were not readmitted (mean
length of hospitalization 6.4 (+ 5.1 days), p<0.01). In regards to discharge status, patients
who were discharged to skilled nursing facilities, 37 (31.6%), were more likely to be
readmitted as compared to those discharged to home?, 68 (16.4%) (p<0.01). There were no
statistically significant differences between severity of baseline co-morbidities and acute
organ dysfunction for patients who survived sepsis and were rehospitalized versus those who
survived and were not rehospitalized at 30-days (Table 1). In-hospital variables were also
compared (Table 2).

In adjusted logistic regression models that included ADI as a continuous exposure,
neighborhood disadvantage remained significantly associated with 30-day rehospitalization
in patients who were discharged with sepsis. Specifically, one standard deviation increase in
ADI score was associated with greater odds of 30-day rehospitalization (3=0.03, P<0.001)
(Figure 1; Table 3). Length of hospitalization in the index visit also remained statistically
significant in the adjusted regression model, where longer lengths of stay were associated
with greater odds of a subsequent 30-day rehospitalization (Table 3).

DISCUSSION

Living in a disadvantaged neighborhood, as measured by the Area Deprivation Index (ADI),
is associated with increased odds of rehospitalizations within 30-days after discharge from
hospital for patients who survived sepsis. This effect is retained after adjusting for individual
demographic variables, active tobacco use, length of index hospitalization, severity of acute
and chronic morbidity, and place of initial discharge. Our findings suggest the need for
interventions that emphasize neighborhood-level socioeconomic variables in addition to
individual-level efforts in an effort to promote and achieve health equity for patients who
survive a hospitalization due to sepsis.

Our readmission rate (22.0%) is on par with other reported sepsis readmission rates, ranging
from 19.9%30 to 29.0%20. Norman et al reported that many hospitals with high burden of
sepsis readmissions served more socioeconomically disadvantaged patients as compared to
hospitals with lower sepsis readmissions.1% Norman et al used CMS Hospital Compare Data
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from 2008 to 2010 and the American Hospital Association Database from 2008 to 2010 to
obtain data on hospital and contextual-level socioeconomic status. The authors’ used ZIP
codes as the area-based indicator used to define a region’s socioeconomic status. While ZIP
codes are often used in large population studies in order to define a contextual-
socioeconomic variable (e.g. median income), a drawback of using ZIP codes is that they
often mask significant heterogeneity in the defined population region as compared to other
area-based indicators, such as the census block group.3! Census block groups are small,
relatively homogenous areas of approximately 1000 persons.3! Further, other factors of a
region beyond income (e.g. employment32:33) impact health outcomes and warrant
concomitant investigations. Therefore, our use of the Area Deprivation Index, a composite
score of various census block socioeconomic and demographic variables, may provide a
better understanding of the relationship between deprivation and health outcomes,
specifically, 30-day readmissions for sepsis survivors.

The link between higher odds of rehospitalizations for survivors of sepsis and neighborhood
disadvantage warrants exploration. Previous research has shown that neighborhood
disadvantage has been linked with susceptibility to infections overall, from pneumonia to
bacteremia.34-36 Since a third of our cohort was readmitted with an infection, it is possible
that more disadvantaged neighborhoods created more challenges for a person’s immune
system, which may be compromised after recovering from sepsis. The severity of immune
suppression after treatment of sepsis is complex and influenced by many factors: patient’s
pre-sepsis health status, pathogen load and virulence, host response, and quality of sepsis
treatment.? However, the immunomodulation in a survivor of sepsis in conjunction with
neighborhood disadvantage may contribute to reinfections and rehospitalizations. With a
third of our cohort rehospitalized with infections, and other studies emphasizing that the
most common readmission diagnosis was infectionll, attention towards both anticipating
and attenuating the risk of infection in sepsis survivors, especially among those who live in
higher risk neighborhoods, must be a priority for the prevention of readmissions.

The majority of the patients in our cohort who survived sepsis and were readmitted within
30-days of hospital discharge had worsening of their chronic co-morbidities. Common non-
communicable diseases such as chronic obstructive lung disease (COPD) and heart failure
(diseases captured as well in the Charlson co-morbidity index) are impacted by contextual-
level socioeconomic variables3”38, often resulting in baseline disparities due to factors such
as lack of resources to manage conditions as well as living conditions which can exacerbate
severity of these conditions. Prescott et al showed that readmission diagnosis after
hospitalization for severe sepsis often was due to worsening of chronic co-morbidities, such
as COPD and heart failure.1! Therefore, for patients who survive sepsis, have a common
non-communicable disease, and live in disadvantaged neighborhoods as identified by the
ADI, these patients may warrant aggressive allocation of healthcare and social resources for
a brief time after hospital discharge to assure co-morbidities are stable.

We sought to investigate what variables are likely to be associated with readmissions for
patients discharged with sepsis that could be feasible to use for clinicians and persons
planning patient discharges. We chose the ADI for this analysis as it is a well-established
measure using US census-based measures for small, homogenous geographic regions.}” The
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effects of neighborhood disadvantage may result from individual-level socioeconomic
factors for which the ADI (a community data variable) is a proxy. While the relative
importance of both personal and community disadvantage cannot be determined from this
data, clarifying these associations for patients discharged with sepsis deserves further
attention. For now, with our findings, we believe the ADI should be used to identify at-risk
populations for rehospitalizations being discharged from the hospital after surviving sepsis,
where resources such as in-home nursing monitoring or telemedicine may be allocated.

Several limitations must be taken into account. First, this was a cross-sectional review of
data from a single academic urban institution. While the findings are significant, they
warrant larger investigations across more diverse regions and hospitals. Second, we did not
capture specific interventions during the hospitalization that have been shown to result in
frailty for patients surviving critical illnesses. For instance, prolonged sedation,
immobilization, and certain medications have been linked with the complex syndrome of
chronic critical illness.3° However, it is unclear if such resulting sequelae impact
rehospitalizations,® warranting future studies to evaluate which in-hospital interventions are
associated with in rehospitalizations for survivors of sepsis. Third, we do not have
information on the time spent in non-home discharge sites (e.g. skilled nursing facilities or
acute rehabilitation centers), and whether they were readmitted to the hospital directly from
such discharge sites. Finally, we cannot determine if length of time in a specific ADI impacts
a person’s outcome, and whether a relocation to a different ADI ranking impacts
rehospitalizations for patients who survive a hospitalization due to sepsis. Further, if a
patient’s neighborhood’s ADI changed over time (as the ADI is composed at the same
frequency as US Census Data is available) is unclear. Health benefits have been noted when
persons move from disadvantaged to more affluent neighborhoods.4%-42 Given that the ADI
is a composite score,}” we cannot identify which component is the predominant driver of
rehospitalizations for patients who survive sepsis. However, all components that make up the
index are intertwined, and policy efforts targeting one (i.e. unemployment) will likely impact
others (i.e. housing).

CONCLUSION

We report that persons who survived sepsis and reside in disadvantaged neighborhoods have
a higher risk of rehospitalization, independent of certain demographic factors and
morbidities. Our results underscore the relevance of neighborhood socioeconomic status—as
identified by the ADI—in the role of patients who survive sepsis and are discharged from
the hospital. While further research is warranted to understand the relationship between
neighborhood socioeconomic status and sepsis-related outcomes (such as readmissions),
area-level measures such as the ADI may be clinically useful to help create health equitable
strategies around rehospitalizations of high-risk patients who survived sepsis.
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Figure 1.
Logistic regression (red line) with readmissions as an outcome graphed against area

deprivation index (ADI) frequency distribution for both readmissions (top x-axis) and non-
readmissions (bottom x-axis).
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Patient characteristics. Results are presented as mean + standard deviation or median (interquartile range).

Variable Total (N=531) | WasNot Readmitted (N=414) | WasReadmitted (N=117) | p-value
Age (years) 61.0 £ 17.6 60.8 + 17.9 61.9 +16.3 0.53
Female 281 (52.9%) 212 (51.2%) 69 (59.0%) 0.17
Caucasian/White 368 (69.3%) 286 (69.1%) 82 (70.1%) 0.92
Active Smoker 164 (30.9%) 122 (29.5%) 42 (35.9%) 0.22
Charlson Co-Morbidity Index 6.0 (5.0, 8.0) 5.5 (4.0,7.0) 5.0(3.9,8.0) 0.58
Insurance
Medicare | 300 (56.6%) 223 (53.9%) 77 (65.8%) 0.03
Medicaid | 132 (24.9%) 108 (26.1%) 24 (20.5%) 0.27
Other | 99 (18.6%) 83 (20.0%) 16 (13.7%) 0.15
Length of ICU admission (days) | 2.3+1.9 21+09 28+14 0.04
Length of Hospitalization (days) | 6.9 +5.6 6.4+51 87+6.9 <0.01
SOFA (first 24 hours) 7.0 (4.0-10.0) 6.5 (4.8-9.0) 7.0 (4.0, 11.0) 0.09
ADI 54.2+238 51.8+22.2 62.5+27.4 <0.01
Discharge
Home | 358 (67.3%) 293 (70.8%) 65 (55.6%) <0.01
Acute Rehabilitation | 69 (13.0%) 54 (13.0%) 15 (12.8%) 1.00
SNF | 105 (19.7%) 68 (16.4%) 37 (31.6%) <0.01

ADI = Area Deprivation Index; SOFA = Sequential Organ Failure Assessment; SNF = Skilled Nursing Facility
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Table 2.

In-hospital variables and outcomes. Results are presented as mean * standard deviation or median

(interquartile range).
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Variable Total (N=531) Was Not Readmitted (N=414) | Was Readmitted (N=117) | p-value
Body Mass Index 30.0 (22.9, 35.1) 29.6 (24.9, 37.5) 28.2(24.2, 35.3) 0.61
History of Chronic Disease
Diabetes (%) 186 (35.0) 146 (35.3) 40 (34.2) 0.37
COPD 125 (23.5) 94 (22.7) 31(26.5) 0.07
ESRD on HD 19 (3.6) 15 (3.6) 4(3.4) 0.01
Source of Sepsis
Pulmonary 251 (47.3) 193 (46.6) 58 (49.6) 0.08
Abdominal 96 (18.1) 76 (18.4) 20 (17.1) 0.11
Urinary 170 (32.0) 132 (31.9) 38 (32.5) 0.51
Other/Unknown 14 (2.6) 10 (2.4) 4(3.4) 0.27
Vasopressor (%) 337 (63.5) 257 (62.1) 75 (64.1) 0.07
Mechanical Ventilation (%) 101 (19.0) 77 (18.6) 24 (20.5) 0.14
Continuous Renal Replacement Therapy (%) 39 (7.3) 28 (6.8) 9 (7.7) 0.22

COPD = chronic obstructive pulmonary disease; ESRD = End Stage Renal Disease; HD = Hemodialysis
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Unadjusted and adjusted logistic regression models for 30-day readmissions in patients who were initially

hospitalized due to sepsis.

Variable Unadjusted Model Adjusted Model
Odds Ratio (95% Cl) | p-value | OddsRatio (95% Cl) | p-value
Age 1.01 (0.99, 1.03) 0.60 1.00 (-0.02, 1.02) 0.88
Female 1.70 (0.84, 3.46) 0.14 1.45 (0.69, 1.11) 0.33
Caucasian/White 1.08 (0.51, 2.34) 0.84 1.30 (0.56, 3.03) 0.54
Active Smoker 2.25 (1.60, 4.95) 0.04 2.14 (0.98, 4.71) 0.06
Charlson Co-Morbidity Index 3.06 (0.64, 5.58) 0.09 2.77 (0.80, 4.85) 0.17
Insurance
Medicare 4.62 (0.30, 6.96) 0.13 3.56 (0.33, 5.64) 0.22
Medicaid 1.38 (0.80, 1.80) 0.75 1.35 (0.90, 1.68) 0.61
Other 2.12(0.36, 3.13) 0.45 2.25(0.40, 2.77) 0.78
Length of ICU Admission 1.12 (1.02, 1.20) 0.03 1.09 (1.03, 1.16) 0.03
Length of Hospitalization 1.14 (1.07,1.21) <0.001 1.08 (1.01, 1.16) 0.04
SOFA (first 24 hours) 2,51 (0.52, 4.14) 0.11 2.32 (0.59, 3.63) 0.37
ADI 1.03 (1.02, 1.05) <0.001 1.03 (1.01, 1.05) <0.001
Discharge
Home 0.92 (0.87, 0.99) 0.03 1.03 (0.70, 1.08) 0.52
Acute Rehabilitation 0.99 (0.90, 1.11) 0.95 0.99 (0.89, 1.05) 0.92
SNF 1.17 (1.08, 1.28) <0.01 1.13 (0.99, 1.28) 0.08

ADI = Area Deprivation Index; SOFA = Sequential Organ Failure Assessment; SNF = Skilled Nursing Facility
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