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ABSTRACT
COVID- 19 readmissions are associated with increased 
patient mortality and healthcare system strain. This 
retrospective cohort study of PCR- confirmed COVID- 19 
positive adults (>18 years) hospitalized and readmitted 
within 30 days of discharge from index admission 
was performed at eight Atlanta hospitals from March 
to December 2020. The objective was to describe 
COVID- 19 patient- level demographics and clinical 
characteristics, and community- level social determinants 
of health (SDoH) that contribute to 30- day readmissions. 
Demographics, comorbidities, COVID- 19 treatment, and 
discharge disposition data were extracted from the index 
admission. ZIP codes were linked to a demographic/
lifestyle database interpolating to community- level 
SDoH. Of 7155 patients with COVID- 19, 463 (6.5%) 
had 30- day, unplanned, all- cause hospital readmissions. 
Statistically significant differences were not found in 
readmissions stratified by age, sex, race, or ethnicity. 
Patients with a high- risk Charlson Comorbidity Index 
had higher odds of readmission (OR 4.8 (95% CI: 2.1 
to 11.0)). Remdesivir treatment and intensive care 
unit (ICU) care were associated with lower odds of 
readmission (OR 0.5 (95% CI: 0.4 to 0.8) and OR 0.5 
(95% CI: 0.4 to 0.7), respectively). Patients residing in 
communities with larger average household size were 
less likely to be readmitted (OR 0.7 (95% CI: 0.5 to 
0.9). In this cohort, patients who received remdesivir, 
were cared for in an ICU, and resided in ZIP codes with 
higher proportions of residents with increased social 
support had lower odds of readmission. These patient- 
level factors and community- level SDoH may be used to 
identify patients with COVID- 19 who are at increased 
risk of readmission.

INTRODUCTION
COVID- 19 illness disproportionately affects 
Latinx and Black, Indigenous, and people of 
color (BIPOC) in the USA, resulting in increased 
hospitalizations, morbidity, and mortality.1–14 
COVID- 19 hospital readmissions are not 

uncommon,15–19 are associated with increased 
mortality (up to 20% in one study),19 and strain 
healthcare systems functioning at or above 
capacity during pandemic surges. One US study 
using a healthcare database of patients from 
non- governmental hospitals found that during 
the first 5 months of the pandemic, among 
106,543 surviving patients with an index 
admission for COVID- 19, 9% were readmitted 
within 2 months and 1.6% had more than one 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ At the time of this study, published 
literature on the contribution of social 
determinants of health (SDoH) to COVID- 19 
hospital readmissions was limited. As the 
number of survivors of an initial COVID- 19 
hospitalization grows, with associated 
hospital and healthcare system strain, it is 
increasingly important to identify clinical 
characteristics and SDoH associated with 
readmission of these patients.

WHAT THIS STUDY ADDS
 ⇒ Our study found that patients who were 
admitted to the intensive care unit and 
those who received remdesivir had lower 
odds of readmission. Patients who resided 
in communities with larger average 
household sizes were also less likely to be 
readmitted.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ A better understanding of these factors 
helps inform discharge disposition and 
outpatient social services needs as well as 
the development of tools and protocols to 
aid healthcare systems (especially those 
with limited resources) in preventing 
readmissions.
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readmission.17 In another cohort of patients admitted to 
132 Department of Veterans Affairs (VA) hospitals, of 2179 
index COVID- 19 hospitalizations, approximately 20% 
of those who survived were readmitted within 60 days of 
discharge.18

Social determinants of health (SDoH) are the condi-
tions in which people are born, live, grow, work, and age; 
SDoH include, but are not limited to, socioeconomic status, 
education, and healthcare access.20–22 SDoH contribute to 
increased risk of hospital readmissions.23–28 Access to trans-
portation, social fragility, and housing instability are also 
common causes of challenges following hospital discharge.29 
Researchers suggest that SDoH should be included in anal-
yses of factors contributing to hospital readmission, in addi-
tion to inpatient quality of care and patient health status.30 
The connection between COVID- 19 outcomes and associ-
ated patient and population- level SDoH is well- described; 
however, descriptions of SDoH associated with COVID- 19 
hospital readmissions are not well- defined.31 32

As the number of survivors of an initial COVID- 19 
hospitalization grows, with associated hospital and health-
care system strain, it is increasingly important to identify 
clinical characteristics and SDoH associated with readmis-
sion of these patients. This study was designed to describe 
patient- level demographic and clinical characteristics and 
community- level SDoH that contribute to 30- day hospital 
readmissions of patients with COVID- 19. A better under-
standing of these factors could help inform discharge 
disposition and outpatient social service needs as well 
as the development of tools and protocols to aid health-
care systems (especially those with limited resources) in 
preventing readmissions. To our knowledge, this is the first 
study that combines patient- level demographic and clinical 
characteristics data, including COVID- 19 targeted thera-
peutic use, with community- level SDoH to predict 30- day 
COVID- 19 hospital readmissions.

MATERIALS AND METHODS
This retrospective cohort study included patients with 
PCR- confirmed COVID- 19 who were hospitalized and 
then readmitted within 30 days (of their index hospitaliza-
tion discharge day) between March 1, 2020 and December 
31, 2020, to one of eight metropolitan (metro) Atlanta 
area hospitals (six hospitals within an academic health-
care system, one safety- net academic hospital, and a VA 
hospital). Clinical data for PCR- confirmed COVID- 19 
positive adult patients (≥18 years old) with non- scheduled 
hospital readmissions within 30 days of their index admis-
sion discharge day were extracted from electronic medical 
records (via clinical data warehouses and manual chart 
reviews). Patient demographics (including age, self- reported 
sex, self- reported race, self- reported ethnicity), healthcare 
insurance status (Medicare, Medicaid, private, VA, unin-
sured), and comorbidities (using International Classifica-
tion of Diseases- 10 billing codes) were extracted. Data on 
receipt of COVID- 19- targeted treatment (at least one dose 
of either dexamethasone or remdesivir), index admission 
length of stay (LOS) (<7 days, 8–14 days, or >14 days), 
necessity for intensive care unit (ICU) care, and neces-
sity for mechanical ventilation were also extracted. Index 
admission discharge disposition (home (self- care), home 

(with home health services), long- term acute care hospital, 
skilled nursing facility, hospice (home or inpatient), transfer 
to another hospital, or other) was also described. Charlson 
Comorbidity Index (CCI) scores were extracted from each 
patient’s index admission.33 Incarcerated and pregnant 
patients were excluded. The main outcome measure was 
unplanned, all- cause 30- day hospital readmission following 
an index admission.

Statistical analysis
We performed descriptive analysis of the index admission 
of the readmitted cohort including demographics, insurance 
status, comorbidities, COVID- 19 treatment (remdesivir, 
dexamethasone, dexamethasone+remdesivir), necessity for 
ICU care, necessity for mechanical ventilation, index admis-
sion LOS, and discharge disposition. The results were strat-
ified by race and ethnicity. Age matching was performed 
with age group categories (<45, 45–64, 65–79, and ≥80 
years). We used univariate analysis, χ2 tests, and t- tests to 
compare race/ethnicity differences in the above sociode-
mographic characteristics, clinical characteristics (including 
comorbidities and COVID- 19 targeted treatment), LOS, 
and discharge disposition.

For multivariable analysis we derived a logistic regression 
model to estimate the adjusted odds ratio (OR) of all- cause 
30- day readmission and various patient demographic and 
clinical characteristics. We used fixed effects to control for 
confounding variables known to influence the OR of read-
mission including comorbidities, sex, and CCI. In addition, 
variables with a p value of less than 0.05 in the logistic 
regression were selected for model building. All data anal-
ysis was conducted using SAS 9.4 software (SAS Institute, 
Cary, North Carolina, USA).

Social determinants of health analyses
SDoH were evaluated via ESRI Business Analyst Data, a 
comprehensive demographic and lifestyle database that 
provides data to help interpolate patients’ socioeconomic 
status.34 Patient’s ZIP code of residence was linked with 
the ESRI ZIP code–level classification. Analyzed indi-
cators included median net worth, per cent below 100% 
federal poverty level, marital status, per cent married, per 
cent never married, highest level of education, average 
household size, housing affordability index, median home 
value, neighborhood deprivation index (NDI), wealth 
index, number of renter- occupied units, health insurance 
spending, unemployment rate, smoking products spending, 
food spending, having visited a doctor in last 12 months, 
childcare, and public/other transportation spending. The 
NDI included a mix of education, income and poverty, 
employment, housing, and occupation indicators. The 
following are general descriptions of each of the NDI 
indicators pulled from the U.S. Census Bureau’s American 
Community Survey: percentage of adult population with 
less than a high school diploma, percentage of households 
earning less than $30,000 per year, percentage of house-
holds with below- poverty level income, proportion of 
civilian non- institutionalized population between 18 and 64 
who are unemployed, proportion of households receiving 
public assistance, percentage of crowded housing, propor-
tion of households headed by women (no men present) with 
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dependent children, and percentage of men in management 
or professional occupations.

Means for continuous SDoH variables were reported. 
Two- sample t- tests and analyses of variance were used to 
determine significant differences between groups (read-
mitted vs not readmitted). For two- sample t- tests with 
statistically unequal variances, the Satterthwaite method 
was applied and reported. All data analyses were conducted 
using SAS 9.4 software.

RESULTS
Of 7155 patients with PCR- positive COVID- 19 hospitalized 
from March 1 to December 31, 2020, 463 (6.5%) were read-
mitted within 30 days (table 1). The largest proportion of 
readmitted patients, 37.6%, were in the age group of 45–64 
years. A majority (54.2%) of readmitted patients were men 
and most were under- represented minorities (68.7%)—
non- Hispanic Black (Black) or Hispanic. A predominance 
of the non- readmitted patients were also Black or Hispanic 
(67.7%) (online supplemental table 1). Patients who were 
uninsured comprised 3.2% of the readmitted cohort and 
those insured via Medicaid comprised 12.3%. Compared 
with other known race and ethnicities, non- Hispanic white 
(white) readmitted patients with COVID- 19 comprised the 
lowest proportion of those insured via Medicaid.

Among the readmitted patients with COVID- 19, the 
most common comorbidities were hypertension (74.3%), 
diabetes (44.3%), and obesity (42.8%). Of the readmitted 
patients with an available CCI, 82.5% (n=306) had a 
medium- risk or high- risk score. The readmitted cohort of 
black patients had the highest proportions of obesity, hyper-
tension, chronic kidney disease (CKD), congestive heart 
failure, or other cardiovascular disease, compared with 
others with known race and ethnicity.

Of those readmitted, 22.2% received treatment with 
remdesivir and 50.3% were treated with dexamethasone 
during their index hospitalization. Readmitted patients who 
required ICU care during their index admission comprised 
19.7% of the readmitted patients; 7.6% required mechan-
ical ventilation during their index hospitalization. Most 
(78.7%) readmitted patients were discharged home (with 
self- care or with home health services) from their index 
admission.

In the multivariable, age- matched model, there was no 
statistically significant difference found between read-
missions by age groups, sex, race, or ethnicity (table 2). 
Compared with those with private insurance, patients 
insured via Medicaid had higher odds of readmission (OR 
1.6 (95% CI: 1.0 to 2.6); p=0.07). The comorbidities with 
higher odds of readmission included hypertension (OR 1.4 
(95% CI: 1.1 to 2.0; p=0.04), stages 3 and 4 CKD (OR 2.1 
(95% CI: 1.4 to 3.2; p<0.001)), and cancer (OR 4.9 (95% 
CI: 2.5 to 9.7; p<0.001)). Patients with a high- risk CCI 
also had higher odds of readmission (OR 4.8 (95% CI: 2.1 
to 11.0); p<0.001)). Increased odds of readmission were 
also noted with each of these comorbidities (and those with 
high- risk CCI) both in adjusted and non- adjusted modeling 
(online supplemental table 2).

Patients who received targeted COVID- 19 treatment 
with remdesivir had lower odds of readmission (OR 0.5 
(95% CI: 0.4 to 0.8; p<0.001)) as did those who received 

both remdesivir and dexamethasone during index hospital-
ization (OR 0.6 (95% CI: 0.4 to 0.7; p=0.002)), compared 
with those who received dexamethasone alone. There was 
no decrease in odds of readmission in patients who received 
dexamethasone alone during their index hospitalization 
((OR 0.8 (95% CI: 0.6 to 1.1; p=0.21). Patients who 
required ICU care or mechanical ventilation during their 
index hospitalization had lower odds of readmission (OR 
0.5 (95% CI: 0.4 to 0.7; p<0.001) and OR 0.3 (95% CI: 
0.2 to 0.5; p<0.001)), respectively).

Social determinants of health
Of the total cohort of 7155 patients with COVID- 19, ZIP 
code data were only available for 6782. Using patient- level 
ZIP codes linked to community- level SDoH, black patients 
resided in communities with the lowest median net worth, 
the lowest median home values, and the lowest amount 
of food spending when compared with white, Hispanic 
and Asian patients; they also resided in communities with 
higher percentage of residents living below the federal 
poverty level (figure 1). The greatest differences between 
readmitted and non- readmitted patients were noted by 
Hispanic ethnicity and Asian race. Hispanic patients who 
were readmitted resided in ZIP codes where the median net 
worth of Hispanic persons was >US$50 000 higher than 
those who were not readmitted. Asian readmitted patients, 
on the other hand, resided in areas with median net worth 
of >US$50 000 less than non- readmitted Asian patients. 
Much less of a difference in median net worth was noted 
between readmitted and non- readmitted black and white 
patients. Patients residing in areas with higher proportions 
of residents with associates degrees and larger average 
household size were less likely to be readmitted (OR 0.004 
(95% CI: 0.001 to 0.566) and OR 0.665 (95% CI: 0.481 to 
0.92), respectively) (figure 2).

DISCUSSION
One major strength of this study is that this cohort is 
composed of patients from eight hospitals (including 
six healthcare- affiliated hospitals, a safety- net hospital, 
and a VA hospital) within diverse and socioeconomically 
different sections of the metro Atlanta, Georgia area. 
Similar to other studies, the disproportionate effect of 
COVID- 19 on BIPOC populations was noted in this study, 
with black and Hispanic patients accounting for 68.7% 
of all readmissions and 67.8% of the full cohort. We 
also noted the significant burden of comorbidities in the 
readmitted cohort, supporting previous research noting 
the association between comorbidities and hospital read-
missions.15–19 In our cohort, although obesity was one 
of the most common comorbidities, regardless of race 
and ethnicity, it was not associated with higher odds of 
readmission (OR 0.7 (95% CI 0.5 to 0.9) compared with 
other comorbidities, including hypertension, stage 3 or 
4 CKD, cancer, or those with medium- risk or high- risk 
CCI. Another retrospective cohort study reported poor 
outcomes in obese patients, including ICU admissions 
and need for mechanical ventilation; however, those 
who survived, similarly, did not have increased risk for 
hospital admission.35 In our study, after adjustment, 
there was no statistically significant difference noted 

https://dx.doi.org/10.1136/jim-2022-002344
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Table 2 Factors associated with COVID- 19 readmission to eight metropolitan Atlanta hospitals (March–December 2020)—multivariable 
regression; age 1:1 match

Total population,
N=926, n (%)

Non- readmitted,
N=463, n (%)

Readmitted,
N=463, n (%)

Crude model Adjusted model*

OR (95% CI) P value OR (95% CI) P value

Age group, years

  <45 172 (18.6) 86 (18.6) 86 (18.6) Ref (1.0) Ref (1.0)

  45–64 348 (37.6) 174 (37.6) 174 (37.6) 1.0 (0.7 to 1.4) 0.99 0.8 (0.5 to 1.2) 0.35

  65–79 270 (29.2) 135 (29.2) 135 (29.2) 1.0 (0.7 to 1.5) 0.98 0.7 (0.5 to 1.2) 0.31

  ≥80 136 (14.7) 68 (14.7) 68 (14.7) 1.0 (0.6 to 1.6) 0.99 0.7 (0.4 to 1.1) 0.14

Sex

  Women 432 (46.7) 220 (47.5) 212 (45.8) Ref (1.0) Ref (1.0)

  Men 494 (53.3) 243 (52.5) 251 (54.2) 1.0 (0.8 to 1.3) 0.94 1.0 (0.8 to 1.3) 0.99

Insurance status

  Private Insurance (including Kaiser 
Permanente)

406 (43.8) 219 (47.3) 187 (40.4) Ref (1.0) Ref (1.0)

  Medicare 340 (36.7) 163 (35.2) 177 (38.2) 1.3 (1.0 to 1.7) 0.10 1.1 (0.8 to 1.5) 0.66

  Medicaid 94 (10.2) 37 (8.0) 57 (12.3) 1.8 (1.1 to 2.9) 0.01 1.6 (1.0 to 2.6) 0.07

  VA 55 (5.9) 28 (6.0) 27 (5.8) 1.1 (0.6 to 2.0) 0.67 1.4 (0.6 to 2.9) 0.42

  Uninsured 31 (3.3) 16 (3.5) 15 (3.2) 1.1 (0.5 to 2.3) 0.80 1.1 (0.8 to 1.5) 0.65

Race/ethnicity

  White (non- Hispanic) 183 (19.8) 87 (18.8) 96 (20.7) Ref (1.0) Ref (1.0)

  Black (non- Hispanic) 570 (61.6) 281 (60.7) 289 (62.4) 1.0 (0.7 to 1.4) 0.93 0.9 (0.6 to 1.3) 0.51

  Hispanic 58 (6.3) 29 (6.3) 29 (6.3) 0.9 (0.5 to 1.5) 0.61 1.0 (0.6 to 1.9) 0.96

  Asian 23 (2.5) 10 (2.2) 13 (2.8) 0.9 (0.4 to 2.0) 0.76 0.9 (0.4 to 2.1) 0.85

  Other/unknown 92 (9.9) 56 (12.1) 36 (7.8) 0.7 (0.4 to 1.2) 0.20 0.5 (0.2 to 1.1) 0.08

Comorbidities

  Obesity 408 (45.3) 216 (47.8) 192 (42.8) 0.8 (0.6 to 1.1) 0.08 0.7 (0.5 to 0.9) <0.01

  Hypertension 668 (72.1) 324 (70.0) 344 (74.3) 1.6 (1.2 to 2.2) <0.001 1.4 (1.1 to 2.0) 0.04

  Diabetes 394 (42.5) 189 (40.8) 205 (44.3) 1.2 (0.9 to 1.5) 0.18 1.1 (0.8 to 1.5) 0.62

  Hyperlipidemia 358 (38.7) 173 (37.4) 185 (40.0) 1.1 (0.9 to 1.5) 0.42 0.8 (0.6 to 1.1) 0.28

  Chronic lung disease 127 (13.7) 59 (12.7) 68 (14.7) 1.4 (1.0 to 2.1) 0.08 1.3 (0.8 to 2.0) 0.24

Chronic kidney disease

  Stages 3 and 4 168 (18.1) 60 (13.0) 108 (23.3) 2.4 (1.7 to 3.4) <0.001 2.1 (1.4 to 3.2) <0.001

  Stage 5 and ESRD 93 (10.7) 28 (6.4) 65 (14.9) 2.1 (1.4 to 3.3) <0.001 1.8 (1.1 to 2.9) 0.01

  Chronic congestive heart failure 250 (27.0) 106 (22.9) 144 (31.1) 1.7 (1.3 to 2.4) <0.001 1.3 (0.9 to 1.8) 0.21

  Other cardiovascular disease 353 (40.5) 167 (38.4) 186 (42.7) 1.2 (0.9 to 1.6) 0.18 1.0 (0.7 to 1.3) 0.99

  Mental health condition† 209 (22.6) 105 (22.7) 104 (22.5) 1.0 (0.8 to 1.4) 0.89 1.1 (0.8 to 1.6) 0.56

  Cancer 80 (8.6) 29 (6.3) 51 (11.0) 3.2 (1.8 to 5.7) <0.001 4.9 (2.5 to 9.7) <0.001

  HIV 13 (1.4) 5 (1.1) 8 (1.7) 1.6 (0.5 to 5.0) 0.41 2.3 (0.6 to 7.9) 0.20

Charlson Comorbidity Index‡

  0 (low risk) 163 (22.5) 98 (27.8) 65 (17.5) Ref (1.0) Ref (1.0)

  1–3 (medium risk) 447 (61.8) 208 (59.1) 239 (64.4) 2.0 (1.4 to 2.8) <0.001 2.6 (1.6 to 4.2) <0.001

  ≥4 (high risk) 113 (15.6) 46 (13.1) 67 (18.1) 3.2 (1.9 to 5.3) <0.001 4.8 (2.1 to 11.0) <0.001

Index admission treatment

  Remdesivir 233 (27.7) 130 (34.3) 103 (22.2) 0.5 (0.4 to 0.7) <0.001 0.5 (0.4 to 0.8) <0.001

  Dexamethasone 419 (49.8) 186 (49.1) 233 (50.3) 0.9 (0.7 to 1.2) 0.43 0.8 (0.6 to 1.1) 0.21

  Remdesivir and dexamethasone 216 (25.7) 122 (32.2) 94 (20.3) 0.6 (0.4 to 0.8) <0.001 0.6 (0.4 to 0.7) 0.002

  Required intensive care unit 204 (22.0) 113 (24.4) 91 (19.7) 0.6 (0.5 to 0.9) 0.003 0.5 (0.4 to 0.7) <0.001

  Required mechanical ventilation 100 (11.9) 65 (17.2) 35 (7.6) 0.4 (0.2 to 0.6) <0.001 0.3 (0.2 to 0.5) <0.001

Index admission length of stay

  ≤7 days 574 (65.9) 294 (67.6) 280 (64.2) Ref (1.0) Ref (1.0)

  8–14 days 149 (17.1) 64 (14.7) 85 (19.5) 1.4 (0.9 to 2.0) 0.07 1.3 (0.9 to 1.8) 0.23

  >14 days 148 (17.0) 77 (17.7) 71 (16.3) 1.0 (0.7 to 1.4) 0.86 0.8 (0.5 to 1.2) 0.26

Index admission disposition

  Home (self- care) 512 (58.8) 258 (59.3) 254 (58.3) Ref (1.0) Ref (1.0)

  Home (with home health services) 133 (15.3) 44 (10.1) 89 (20.4) 2.1 (1.4 to 3.1) <0.001 1.8 (1.2 to 2.8) 0.007

  Long- term acute care hospital 7 (0.8) 3 (0.7) 4 (0.9) 1.4 (0.3 to 6.1) 0.69 0.7 (0.1 to 3.9) 0.71

Continued
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with respect to readmissions by age groups, sex, race, 
ethnicity, or insurance status.

One novel aspect of this study is the consideration 
of receipt of targeted inpatient COVID- 19 therapeutics 
during the index hospitalization and their effect on read-
missions. Remdesivir and dexamethasone are commonly 
used in patients hospitalized with severe COVID- 19 illness 
and are the two targeted therapeutics that were available 
during this study’s time period (March 2020–December 
2020) in our hospitals. In clinical trials, remdesivir was 
found to decrease median time to recovery from 15 to 10 
days and dexamethasone offered mortality benefit.36 37 In 
our study, patients who received treatment during their 
index hospitalization with remdesivir, with or without 
dexamethasone, had lower odds of readmission. This is 
encouraging data and argues for the critical importance 
of equitable distribution of therapeutic resources during 
a pandemic. We also found that requiring ICU care or 
mechanical ventilation during the index hospitalization 
was associated with lower odds of readmission. Somani et 
al similarly found that readmitted patients were less likely 
to have required ICU care on index hospitalization.38 It 
is possible that patients who require ICU care are more 
likely to be discharged to skilled nursing facilities, 

long- term acute care hospitals, and hospice care, and less 
likely to be readmitted to the hospital.

Most readmitted patients were discharged home (with or 
without home health services) from their index admission. 
Patients who discharge home after a COVID- 19 admission 
may face the challenge of medical equipment (eg, home 
oxygen) and home health nursing needs. These postdis-
charge services are more easily attained for patients with 
healthcare insurance or other financial resources. These 
gaps in postdischarge outpatient management widen dispar-
ities perpetuated by SDoH.

Our study confirms previous findings of COVID- 19’s 
disproportionate impact on socioeconomically disadvan-
taged populations. Our analysis of SDoH by race and 
ethnicity is consistent with the known SDoH impacting 
patients’ outcomes (including hospitalizations and 
readmissions) with known chronic comorbidities and 
COVID- 19 illness.39–42 Specifically, disparities in wealth, 
education, housing, and healthcare access are consistent 
with the structured systems that disadvantage minority 
communities.43–46 Basic needs such as food access and 
childcare options proved to be disparate as well, which 
are significant in the recovery of any patient discharged 
from the hospital.

Total population,
N=926, n (%)

Non- readmitted,
N=463, n (%)

Readmitted,
N=463, n (%)

Crude model Adjusted model*

OR (95% CI) P value OR (95% CI) P value

  Skilled nursing facility 102 (11.7) 40 (9.2) 62 (14.2) 1.6 (1.0 to 2.4) 0.04 1.3 (0.8 to 2.1) 0.26

  Hospice (home or inpatient) 25 (2.9) 19 (4.4) 6 (1.4) 0.3 (0.1 to 0.8) 0.02 0.3 (0.1 to 0.7) 0.008

  Transferred to another hospital 27 (3.1) 18 (4.1) 9 (2.1) 0.5 (0.2 to 1.2) 0.11 0.5 (0.2 to 1.2) 0.14

  Other§ 24 (2.8) 12 (2.8) 12 (2.8) 1.0 (0.4 to 2.3) 0.97 1.0 (0.4 to 2.4) 0.98

Length of stay (of index admission) was not available for VA Medical Center data.
*Adjusted for: gender, obesity, race/ethnicity, hypertension, diabetes, hyperlipidemia, chronic lung disease, chronic kidney disease, congestive heart failure, and 
mental disease.
†Mental health condition include depression, anxiety, bipolar disorder, and schizophrenia.
‡Charlson Comorbidity Index was not available for the academic safety- net hospital.
§Other was the combination of other rehab, left against medical advice or discontinued care, and other discharge dispositions not included above.
¶Data from all eight hospitals, including six academic health system hospitals, one academic safety- net hospital, and one VA Hospital.
ESRD, end- stage renal disease; VA, Veterans Affairs.

Table 2 Continued

Figure 1 Comparing social determinants of health factors of readmitted to non- readmitted patients within race groups.
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The importance of social support from life partners is 
also of note: we noted lower odds of readmission in patients 
who lived in communities with larger households. These 
disparities reflect differences in the fundamental securi-
ties that help minimize stressors to maintain health after 
hospital discharge.

Limitations
One major limitation to our study is that mortality data 
for patients discharged after their index admission was not 
available, and it is not known if patients were readmitted 
to hospitals outside of the eight hospitals in this cohort. 
Also, much of the data required manual extraction from the 
electronic medical records, so the full characteristics of the 
entire cohort were not available.

The SDoH evaluation in this study was performed 
using the ESRI Business Analyst Data. This comprehensive 
demographic and lifestyle database was used to evaluate 
community- level SDoH based on the readmitted patients’ 
individual ZIP codes. This method is a limitation as it may 
not reflect the individual patients’ SDoH and patients 
residing within the same ZIP code may cluster within 
communities and have the same SDoH values for reported 
variables, thus possibly resulting in less precision. There are 
also limitations in using this database when the numbers of 
certain populations (eg, Hispanic readmitted patients) are 
low. For example, the median net worth of Hispanic read-
mitted patients was noted to be higher than Hispanic non- 
readmitted patients, but there were only 29 patients in the 
former group compared with 465 in the latter. Neverthe-
less, since many healthcare institutions do not have access 
to granular SDoH for individual patients, this is a feasible 
option to understand the community- level SDoH using the 
patients’ ZIP code.

CONCLUSION
We sought to identify predictors that may forecast hospital 
readmissions and COVID- 19 readmission reduction strategy 
techniques, thus reducing patient- level adverse outcomes 
and healthcare system financial burdens of COVID- 19 

readmissions. Although patient demographics (including 
age, sex, race, and ethnicity) and clinical data (comorbidities 
and treatments) may be readily available in many healthcare 
institutions, some may lack the ability to use patient- level 
SDoH. Our study incorporated community- level SDoH 
data, via individual patient ZIP code- level data, as a surro-
gate to patient- level SDoH data. Healthcare systems with 
limited resources may also consider using more readily 
available indexes such as the American Community Survey 
Census data, the pandemic vulnerability index, and area 
deprivation indexes.47–49 Future directions include incor-
porating these clinical predictors and SDoH into predic-
tion models to better identify patients with COVID- 19 at 
increased risk of readmission.50–52

Author affiliations
1Division of Infectious Diseases, Emory University School of Medicine, Atlanta, 
Georgia, USA
2Department of Family and Preventive Medicine, Emory University School of 
Medicine, Atlanta, Georgia, USA
3Division of Hospital Medicine, Emory University School of Medicine, Atlanta, 
Georgia, USA
4Office of Quality and Risk, Emory Healthcare, Atlanta, Georgia, USA
5Kaiser Permanente of Georgia, Atlanta, Georgia, USA
6Atlanta VA Health Care System, Decatur, Georgia, USA
7Department of Medicine, Morehouse School of Medicine, Atlanta, Georgia, 
USA
8Atlanta VA Health Care System, Atlanta, Georgia, USA
9Division of General Medicine, Emory University School of Medicine, Atlanta, 
Georgia, USA
10Wayne State University School of Medicine, Detroit, Michigan, USA
11Department of Medicine, Emory University School of Medicine, Atlanta, 
Georgia, USA
12Department of Emergency Medicine, Emory University School of Medicine, 
Atlanta, Georgia, USA

Twitter Ketino Kobaidze @ketino5

Acknowledgements We thank Igho Ofotokun, MD, and Joel Shu, MD, for 
their insight on this study. In addition, we are grateful for the extensive review 
of our manuscript provided by Mary Ann Kirkconnell, MPH. We also thank 
Anna Sikod, MD, Chuan- Xing Ho, MD, Hirushi Weerasinghe, MD, Madhavi 
Chavan, MD, Roselyn Brown, PA, and Nadine Anderson- Greenland, NP, for 
their assistance with manual chart reviews.

Figure 2 Impact of individual social determinants of health (via ZIP codes) on COVID- 19 hospital readmissions. For lower confidence 
intervals, upper confidence intervals, and p- values, please see online supplemental table 3.

https://twitter.com/ketino5
https://dx.doi.org/10.1136/jim-2022-002344


1414 Wiley Z, et al. J Investig Med 2022;70:1406–1415. doi:10.1136/jim-2022-002344

Original research

Contributors ZW, AK, DL, JK, SK, SL, KK, SRS, AM, JH and NF contributed 
substantially to the conception and interpretation of data for the work, 
drafting and revision of the content, final approval of the published 
version, and are accountable for all aspects of the work. JP, MH, KMS, TA, 
VCL, TEA, NMH, TLH, OI, MJ, VL, TAJ, NM, PAR, MES, and PKS contributed 
substantially to the acquisition of the data for this manuscript, critical 
revision of the manuscript, final approval of the published version, and 
are also accountable for the accuracy of the data acquired. ZW acts as 
guarantor.

Funding ZW, AK, DL, SK, KK, SRS, AM, JP, KMS, TA, VCL, JH, NMH, TLH, OI, 
NM, PAR, MES, and NF received grant support from the Woodruff Health 
Sciences Center for Urgent Research Engagement (CURE Grant) made possible 
by the philanthropic support from the O. Wayne Rollins Foundation and the 
William Randolph Hearst Foundation.

Disclaimer The funders had no role in the design of the study; collection, 
management, analysis, nor interpretation of the data; preparation, review, 
or approval of the manuscript, nor decision to submit the manuscript for 
publication. This manuscript does not represent the views of the Department 
of Veterans Affairs or of the US government.

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study was approved by the Emory University 
Institutional Review Board (STUDY00001451), Kaiser Permanente Georgia 
Institutional Review Board (1662973- 1, Grady Research Oversight Committee 
(IRB00001451), Morehouse School of Medicine Institutional Review Board, 
and the Atlanta VA Medical Center Institutional Review Board (IRB00001482).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in 
the article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising from translation 
and adaptation or otherwise.

Open access This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non- 
commercially, and license their derivative works on different terms, provided 
the original work is properly cited, an indication of whether changes were 
made, and the use is non- commercial. See: http://creativecommons.org/ 
licenses/by-nc/4.0/.

ORCID iDs
Zanthia Wiley http://orcid.org/0000-0002-9718-3709
Julianne Kubes http://orcid.org/0000-0002-6717-3104

REFERENCES
 1 Gold JAW, Rossen LM, Ahmad FB, et al. Race, ethnicity, and age trends in 

persons who died from COVID- 19 — United States, May–August 2020. 
MMWR Morb Mortal Wkly Rep 2020;69:1517–21.

 2 Rossen LM, Branum AM, Ahmad FB, et al. Excess Deaths Associated with 
COVID- 19, by Age and Race and Ethnicity - United States, January 26- October 
3, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1522–7.

 3 Killerby ME, Link- Gelles R, Haight SC, et al. Characteristics Associated with 
Hospitalization Among Patients with COVID- 19 - Metropolitan Atlanta, 
Georgia, March- April 2020. MMWR Morb Mortal Wkly Rep 2020;69:790–4.

 4 Azar KMJ, Shen Z, Romanelli RJ, et al. Disparities in outcomes among 
COVID- 19 patients in a large health care system in California. Health Aff 
2020;39:1253–62.

 5 Price- Haywood EG, Burton J, Fort D, et al. Hospitalization and mortality 
among black patients and white patients with Covid- 19. N Engl J Med 
2020;382:2534–43.

 6 Woolf SH, Chapman DA, Sabo RT, et al. Excess deaths from COVID- 19 
and other causes in the US, March 1, 2020, to January 2, 2021. JAMA 
2021;325:1786–9.

 7 Suleyman G, Fadel RA, Malette KM, et al. Clinical characteristics and 
morbidity associated with coronavirus disease 2019 in a series of patients in 
metropolitan Detroit. JAMA Netw Open 2020;3:e2012270.

 8 Mahajan UV, Larkins- Pettigrew M. Racial demographics and COVID- 19 
confirmed cases and deaths: a correlational analysis of 2886 us counties. J 
Public Health 2020;42:445–7.

 9 Gu T, Mack JA, Salvatore M, et al. Characteristics associated with racial/ethnic 
disparities in COVID- 19 outcomes in an academic health care system. JAMA 
Netw Open 2020;3:e2025197.

 10 Wiley Z, Ross- Driscoll K, Wang Z. Racial and ethnic differences and clinical 
outcomes of COVID- 19 patients presenting to the emergency department. Clin 
Infect Dis 2022;74:387–94.

 11 Millett GA, Jones AT, Benkeser D, et al. Assessing differential impacts of 
COVID- 19 on black communities. Ann Epidemiol 2020;47:37–44.

 12 Henning- Smith C, Tuttle M, Kozhimannil KB. Unequal distribution of 
COVID- 19 risk among rural residents by race and ethnicity. J Rural Health 
2021;37:224–6.

 13 Dorn Avan, Cooney RE, Sabin ML. COVID- 19 exacerbating inequalities in the 
US. Lancet 2020;395:1243–4.

 14 Mackey K, Ayers CK, Kondo KK, et al. Racial and Ethnic Disparities in COVID- 
19- Related Infections, Hospitalizations, and Deaths: A Systematic Review. Ann 
Intern Med 2021;174:362–73.

 15 Atalla E, Kalligeros M, Giampaolo G, et al. Readmissions among patients with 
COVID- 19. Int J Clin Pract 2021;75:e13700.

 16 Chopra V, Flanders SA, O’Malley M, et al. Sixty- Day outcomes among patients 
hospitalized with COVID- 19. Ann Intern Med 2021;174:576–8.

 17 Lavery AM, Preston LE, Ko JY, et al. Characteristics of Hospitalized COVID- 19 
Patients Discharged and Experiencing Same- Hospital Readmission - United 
States, March- August 2020. MMWR Morb Mortal Wkly Rep 2020;69:1695–9.

 18 Donnelly JP, Wang XQ, Iwashyna TJ, et al. Readmission and death after initial 
hospital discharge among patients with COVID- 19 in a large multihospital 
system. JAMA 2021;325:304–6.

 19 Yeo I, Baek S, Kim J, et al. Assessment of thirty- day readmission rate, timing, 
causes and predictors after hospitalization with COVID- 19. J Intern Med 
2021;290:157–65.

 20 World Health Organization, Commission on Social Determinants of Health. 
Closing the gap in a generation: health equity through action on the social 
determinants of health. Available: http://www.who.int/social_determinants/en 
[Accessed 26 Aug 2021].

 21 Healthy People. US department of health and human services. office of disease 
prevention and health promotion. healthy people 2020: social determinants of 
health. Available: https://www.healthypeople.gov/2020/topics-objectives/topic/ 
social-determinants-of-health [Accessed 26 Aug 2021].

 22 Centers for Disease Control and Prevention. Social determinants of health. 
Available: https://www.cdc.gov/socialdeterminants/index.htm [Accessed 
August 26, 2021].

 23 Su A, Al’Aref SJ, Beecy AN, et al. Clinical and socioeconomic predictors of 
heart failure readmissions: a review of contemporary literature. Mayo Clin Proc 
2019;94:1304–20.

 24 Joynt KE, Sarma N, Epstein AM, et al. Challenges in reducing readmissions: 
lessons from leadership and frontline personnel at eight minority- serving 
hospitals. Jt Comm J Qual Patient Saf 2014;40:435–7.

 25 Kind AJH, Jencks S, Brock J, et al. Neighborhood socioeconomic disadvantage 
and 30- day rehospitalization: a retrospective cohort study. Ann Intern Med 
2014;161:765–74.

 26 Hu J, Bartels CM, Rovin RA, et al. Race, ethnicity, neighborhood 
characteristics, and in- hospital coronavirus Disease- 2019 mortality. Med Care 
2021;59:888–92.

 27 Jencks SF, Schuster A, Dougherty GB, et al. Safety- Net hospitals, neighborhood 
disadvantage, and readmissions under Maryland’s all- payer program: an 
observational study. Ann Intern Med 2019;171:91–8.

 28 Galiatsatos P, Follin A, Alghanim F, et al. The association between neighborhood 
socioeconomic disadvantage and readmissions for patients hospitalized with 
sepsis. Crit Care Med 2020;48:808–14.

 29 Virapongse A, Misky GJ. Self- Identified social determinants of health during 
transitions of care in the medically underserved: a narrative review. J Gen 
Intern Med 2018;33:1959–67.

 30 Kangovi S, Grande D. Hospital readmissions--not just a measure of quality. 
JAMA 2011;306:1796–7.

 31 Implications of COVID- 19 for social determinants of health. Available: https://
www.kff.org/coronavirus-covid-19/issue-brief/implications-of-covid-19-for- 
social-determinants-of-health/ [Accessed 26 Aug 2021].

 32 Samuel LJ, Gaskin DJ, Trujillo AJ, et al. Race, ethnicity, poverty and the social 
determinants of the coronavirus divide: U.S. county- level disparities and risk 
factors. BMC Public Health 2021;21:1250.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9718-3709
http://orcid.org/0000-0002-6717-3104
http://dx.doi.org/10.15585/mmwr.mm6942e1
http://dx.doi.org/10.15585/mmwr.mm6942e2
http://dx.doi.org/10.15585/mmwr.mm6925e1
http://dx.doi.org/10.1377/hlthaff.2020.00598
http://dx.doi.org/10.1056/NEJMsa2011686
http://dx.doi.org/10.1001/jama.2021.5199
http://dx.doi.org/10.1001/jamanetworkopen.2020.12270
http://dx.doi.org/10.1093/pubmed/fdaa070
http://dx.doi.org/10.1093/pubmed/fdaa070
http://dx.doi.org/10.1001/jamanetworkopen.2020.25197
http://dx.doi.org/10.1001/jamanetworkopen.2020.25197
http://dx.doi.org/10.1093/cid/ciab290
http://dx.doi.org/10.1093/cid/ciab290
http://dx.doi.org/10.1016/j.annepidem.2020.05.003
http://dx.doi.org/10.1111/jrh.12463
http://dx.doi.org/10.1016/S0140-6736(20)30893-X
http://dx.doi.org/10.7326/M20-6306
http://dx.doi.org/10.7326/M20-6306
http://dx.doi.org/10.1111/ijcp.13700
http://dx.doi.org/10.7326/M20-5661
http://dx.doi.org/10.15585/mmwr.mm6945e2
http://dx.doi.org/10.1001/jama.2020.21465
http://dx.doi.org/10.1111/joim.13241
http://www.who.int/social_determinants/en
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health
https://www.healthypeople.gov/2020/topics-objectives/topic/social-determinants-of-health
https://www.cdc.gov/socialdeterminants/index.htm
http://dx.doi.org/10.1016/j.mayocp.2019.01.017
http://dx.doi.org/10.1016/S1553-7250(14)40056-4
http://dx.doi.org/10.7326/M13-2946
http://dx.doi.org/10.1097/MLR.0000000000001624
http://dx.doi.org/10.7326/M16-2671
http://dx.doi.org/10.1097/CCM.0000000000004307
http://dx.doi.org/10.1007/s11606-018-4615-3
http://dx.doi.org/10.1007/s11606-018-4615-3
http://dx.doi.org/10.1001/jama.2011.1562
https://www.kff.org/coronavirus-covid-19/issue-brief/implications-of-covid-19-for-social-determinants-of-health/
https://www.kff.org/coronavirus-covid-19/issue-brief/implications-of-covid-19-for-social-determinants-of-health/
https://www.kff.org/coronavirus-covid-19/issue-brief/implications-of-covid-19-for-social-determinants-of-health/
http://dx.doi.org/10.1186/s12889-021-11205-w


1415Wiley Z, et al. J Investig Med 2022;70:1406–1415. doi:10.1136/jim-2022-002344

Original research

 33 Sundararajan V, Henderson T, Perry C, et al. New ICD- 10 version of the 
Charlson comorbidity index predicted in- hospital mortality. J Clin Epidemiol 
2004;57:1288–94.

 34 ArcGIS. ESRI business analyst data. ArcGIS, 2019. Available: https://www.esri. 
com/en-us/arcgis/products/arcgis-business-analyst/data-infographics [Accessed 
26 Aug 2021].

 35 Suresh S, Siddiqui M, Abu Ghanimeh M, et al. Association of obesity with 
illness severity in hospitalized patients with COVID- 19: a retrospective cohort 
study. Obes Res Clin Pract 2021;15:172–6.

 36 Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of 
Covid- 19 - Final Report. N Engl J Med 2020;383:1813–26.

 37 RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexamethasone in 
hospitalized patients with Covid- 19. N Engl J Med 2021;384:693–704.

 38 Somani SS, Richter F, Fuster V, et al. Characterization of patients who return to 
hospital following discharge from hospitalization for COVID- 19. J Gen Intern 
Med 2020;35:2838–44.

 39 Lax Y, Martinez M, Brown NM. Social determinants of health and hospital 
readmission. Pediatrics 2017;140:e20171427.

 40 Meddings J, Reichert H, Smith SN, et al. The impact of disability and social 
determinants of health on Condition- Specific readmissions beyond Medicare 
risk adjustments: a cohort study. J Gen Intern Med 2017;32:71–80.

 41 Flythe JE, Hilbert J, Kshirsagar AV, et al. Psychosocial factors and 30- day 
Hospital readmission among individuals receiving maintenance dialysis: a 
prospective study. Am J Nephrol 2017;45:400–8.

 42 Maness SB, Merrell L, Thompson EL, et al. Social determinants of health and 
health disparities: COVID- 19 exposures and mortality among African American 
people in the United States. Public Health Rep 2021;136:18–22.

 43 Dean EB, French MT, Mortensen K. Food insecurity, health care utilization, and 
health care expenditures. Health Serv Res 2020;55 Suppl 2:883–93.

 44 Hatef E, Ma X, Rouhizadeh M, et al. Assessing the impact of social needs and 
social determinants of health on health care utilization: using Patient- and 
community- level data. Popul Health Manag 2021;24:222–30.

 45 Hatef E, Searle KM, Predmore Z, et al. The impact of social determinants of 
health on hospitalization in the Veterans health administration. Am J Prev Med 
2019;56:811–8.

 46 Walker RJ, Strom Williams J, Egede LE. Influence of race, ethnicity and 
social determinants of health on diabetes outcomes. Am J Med Sci 
2016;351:366–73.

 47 Marvel SW, House JS, Wheeler M, et al. The COVID- 19 pandemic vulnerability 
index (pVI) Dashboard: monitoring County- Level vulnerability using 
visualization, statistical modeling, and machine learning. Environ Health 
Perspect 2021;129:17701.

 48 Maroko AR, Doan TM, Arno PS, et al. Integrating social determinants of health 
with treatment and prevention: a new tool to assess local area deprivation. 
Prev Chronic Dis 2016;13:E128.

 49 County Health Rankings & Roadmaps – Building a Culture of Health, County 
by County. Available: https://www.countyhealthrankings.org/explore-health- 
rankings [Accessed 25 Feb 22].

 50 Zhang Y, Zhang Y, Sholle E, et al. Assessing the impact of social determinants 
of health on predictive models for potentially avoidable 30- day readmission or 
death. PLoS One 2020;15:e0235064.

 51 Zhou H, Della PR, Roberts P, et al. Utility of models to predict 28- day or 30- day 
unplanned hospital readmissions: an updated systematic review. BMJ Open 
2016;6:e011060.

 52 Cotter PE, Bhalla VK, Wallis SJ, et al. Predicting readmissions: poor 
performance of the lace index in an older UK population. Age Ageing 
2012;41:784–9.

http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
https://www.esri.com/en-us/arcgis/products/arcgis-business-analyst/data-infographics
https://www.esri.com/en-us/arcgis/products/arcgis-business-analyst/data-infographics
http://dx.doi.org/10.1016/j.orcp.2021.02.006
http://dx.doi.org/10.1056/NEJMoa2007764
http://dx.doi.org/10.1056/NEJMoa2021436
http://dx.doi.org/10.1007/s11606-020-06120-6
http://dx.doi.org/10.1007/s11606-020-06120-6
http://dx.doi.org/10.1542/peds.2017-1427
http://dx.doi.org/10.1007/s11606-016-3869-x
http://dx.doi.org/10.1159/000470917
http://dx.doi.org/10.1177/0033354920969169
http://dx.doi.org/10.1111/1475-6773.13283
http://dx.doi.org/10.1089/pop.2020.0043
http://dx.doi.org/10.1016/j.amepre.2018.12.012
http://dx.doi.org/10.1016/j.amjms.2016.01.008
http://dx.doi.org/10.1289/EHP8690
http://dx.doi.org/10.1289/EHP8690
http://dx.doi.org/10.5888/pcd13.160221
https://www.countyhealthrankings.org/explore-health-rankings
https://www.countyhealthrankings.org/explore-health-rankings
http://dx.doi.org/10.1371/journal.pone.0235064
http://dx.doi.org/10.1136/bmjopen-2016-011060
http://dx.doi.org/10.1093/ageing/afs073

	Clinical characteristics and social determinants of health associated with 30-day hospital readmissions of patients with COVID-19
	Abstract
	Introduction
	Materials and methods
	Statistical analysis
	Social determinants of health analyses

	Results
	Social determinants of health

	Discussion
	Limitations

	Conclusion
	References


