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Background: The COVID-19 pandemic disproportionately 
affected minorities and individuals of low socioeconomic 
status (SES) with higher rates of severe illness and death. This 
disparity has been partly attributed to differences in health 
care access. This study sought to determine whether place 
of residence, as a marker of SES, health care access, and 
income, was predictive of disease severity in a large integrated 
health care system.
Methods: This retrospective cohort study included patients 
admitted to the Washington Veterans Affairs Medical Center 
(VAMC) with a COVID-19 diagnosis between March 1, 2020, 
and June 30, 2021. Patients' income was estimated using 
2020 US Census Bureau data on median income by zip 
code. Univariable and multivariable logistic regression models 
were used to evaluate associations between receiving high-
flow oxygen (HFO), intubation, and death with demographic 
characteristics, prehospitalization clinical risk factors, and 

comorbidities. Heat maps were used to visualize the geographic 
distribution of COVID-19 cases and median income.
Results: The cohort included 348 patients with a mean (SD) 
age of 68.4 (13.9) years; 313 patients (90.2%) were male and 
281 (83.4%) were Black. Eighty-six patients (32.8%) required 
HFO, 33 (10.5%) required intubation, and 57 (16.4%) died. Each 
$10,000 increase in median income was associated with 10% 
lower odds of receiving HFO (odds ratio, 0.90; 95% CI, 0.81-
1.00). In multivariable models, race and zip code of residence 
were not associated with the need for HFO, intubation, or death.
Conclusions: In a hospitalized population at an urban VAMC, 
higher median income by zip code was associated with lower 
odds of needing HFO. However, race and income by zip code 
residence were not associated with severe COVID-19 outcomes 
or death. Access to Veterans Health Administration care may 
mitigate barriers to care that contribute to poorer COVID-19 
outcomes among minorities and individuals of low SES.
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Large epidemiologic studies have shown 
disparities in COVID-19 outcomes by 
race, ethnicity, and socioeconomic sta-

tus (SES). Racial and ethnic minorities and 
individuals of lower SES have experienced 
disproportionately higher rates of inten-
sive care unit (ICU) admission and death. 
In Washington, DC, Black individuals (47% 
of the population) accounted for 51% of 
COVID-19 cases and 75% of deaths. In com-
parison, White individuals (41% of the popu-
lation) accounted for 21% of cases and 11% 
of deaths.1 Place of residence, such as living 
in socially vulnerable communities, has also 
been shown to be associated with higher 
rates of COVID-19 mortality and lower vac-
cination rates.2-4 Social and structural ineq-
uities, such as limited access to health care 
services and mistrust of the health care sys-
tem, may explain some of the observed dis-
parities.5 However, data are limited regarding 
COVID-19 outcomes for individuals with 
equal access to care. 

The Veterans Health Administration 
(VHA) is the largest integrated US health 
care system and operates 123 acute care 
hospitals. Previous research has demon-
strated that disparities in outcomes for other 

diseases are attenuated or erased among vet-
erans receiving VHA care.6,7 Based on litera-
ture from the pandemic, markers of health 
care inequity relating to SES (eg, place of 
residence, median income) are expected 
to impact the outcomes of patients acutely 
hospitalized with COVID-19.4 We hypoth-
esized that the impact on clinical outcomes 
of infection would be mitigated for veterans 
receiving VHA care. 

This retrospective cohort study included 
veterans who presented to Washington Vet-
erans Affairs Medical Center (WVAMC) with 
the goal of determining whether place of res-
idence as a marker of SES, health care ac-
cess, and median income were predictive of 
COVID-19 disease severity. 

METHODS 
The WVAMC serves about 125,000 veter-
ans across the metropolitan area, includ-
ing parts of Maryland and Virginia. It is a 
high-complexity hospital with 164 acute 
care beds, 30 psychosocial residential re-
habilitation beds, and an adjacent 120-bed 
community living center providing long-
term, hospice, and palliative care.8

The WVAMC developed a dashboard that 
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tracked patients with COVID-19 through 
on-site testing by admission date, ward, and 
other key demographics (PowerBi, Corpo-
rate Data Warehouse). All patients admitted 
to WVAMC with a diagnosis of COVID-19 
between March 1, 2020, and June 30, 2021, 
were included in this retrospective review. 
Using the Computerized Patient Record Sys-
tem (CPRS) and the dashboard, we collected 
demographic information, baseline clinical 
diagnoses, laboratory results, and clinical in-
terventions for all patients with documented 
COVID-19 infection as established by labo-
ratory testing methods available at the time 
of diagnosis. Veterans treated exclusively out-
side the WVAMC were excluded. 

Hospitalization was defined as any acute 

inpatient admission or transfer recorded 
within 5 days before and 30 days after the 
laboratory collection of a positive COVID-
19 test. Home testing kits were not widely 
available during the study period. An ICU 
stay was defined as any inpatient admission 
or transfer recorded within 5 days before or 
30 days after the laboratory collection of a 
positive COVID-19 test for which the ward 
location had the specialty of medical or sur-
gical ICU. Death due to COVID-19 was de-
fined as occurring within 42 days (6 weeks) 
of a positive COVID-19 test.9 This definition 
assumed that during the peak of the pan-
demic, COVID-19 was the attributable cause 
of death, despite the possible contribution of 
underlying health conditions. 

TABLE 1. Characteristics of Hospitalized Patients With COVID-19 at Washington Veterans Affairs  
Medical Center Between March 1, 2020, and June 30, 2021 (N = 348)
Criteria Hospitalized patients

Age, mean (SD), y 68.4 (13.9)

Age, No. (%) 
  20-29 y 
  30-39 y 
  40-49 y 
  50-59 y 
  60-69 y 
  70-79 y 
  80-89 y 
  90-99 y

 
2 (0.6) 

13 (3.7) 
12 (3.5) 
54 (15.5) 
92 (26.4) 

104 (29.9) 
48 (13.8) 
23 (6.6)

Sex, No. (%) 
  Male 
  Female

 
313 (90.2) 
34 (9.8)

Race, No. (%) 
  Black 
  White 
  Othera

 
281 (83.4) 
47 (13.9) 
9 (2.7)

Ethnicity, No. (%) 
  Hispanic  
  Non-Hispanic 

 
16 (4.8) 

321 (95.2)

Residence, No. (%) 
  Maryland 
  Washington, DC 
  Virginia 
  Other

 
151 (43.4) 
140 (40.2) 
19 (5.5) 
38 (10.9)

Median income quartile by zip code, No. (%) 
  25th ($0-$73,544) 
  50th ($73,545-$91,310) 
  75th ($91,311-$112,496) 
  100th ($112,497-$242,610)

 
93 (26.7) 

106 (30.5) 
65 (18.7) 
84 (24.1)

Hypertension, No. (%) 
  Yes 
  No

 
261 (75.0) 
87 (25.0)

Criteria Hospitalized patients

Diabetes, No. (%) 
  Yes 
  No

 
146 (41.9) 
202 (58.1)

Chronic kidney disease, No. (%) 
  Yes 
  No

 
79 (22.7) 
269 (77.3)

Liver disease or cirrhosis, No. (%) 
  Yes 
  No

 
70 (20.1) 
278 (79.9)

Chronic obstructive pulmonary disease or 
asthma, No. (%) 
  Yes 
  No

 
64 (18.4) 
284 (81.6)

Obstructive sleep apnea, No. (%)
  Yes 
  No

 
84 (24.1) 
264 (75.9)

Obesity, No. (%)
  Yes 
  No

 
177 (51.3) 
168 (48.7)

Charlson Comorbidity Index, No. (%) 
  None 
  Mild (1-2) 
  Moderate (3-4) 
  Severe (≥ 5)

 
64 (18.4) 
120 (34.5) 
78 (22.4) 
86 (24.7)

Admission period, No. (%) 
  Early 2020 (January 2020-April 2020) 
  Mid 2020 (May 2020-August 2020) 
  Late 2020 (September 2020-December 2020) 
  Early 2021(January 2021-April 2021)

 
91 (26.2) 
70 (20.1) 
104 (29.9) 
83 (23.8)

aHispanic, American Indian, Alaska Native, Asian, Native Hawaiian, and 
Pacific Islander.
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Patients’ admission periods were based 
on US Centers for Disease Control and Pre-
vention (CDC) national data and classified 
as early 2020 (January 2020–April 2020), 
mid-2020 (May 2020–August 2020), late 
2020 (September 2020–December 2020), 
and early 2021 (January 2021–April 2021).10 
We chose to use these time periods as surro-
gates for the frequent changes in circulating 
COVID-19 variants, surges in case numbers, 
therapies and interventions available dur-
ing the pandemic. The dominant COVID-19 
variant during the study period was Alpha 
(B.1.17). Beta (B.1.351) variants were circu-
lating infrequently, and Delta and Omicron 
appeared after the study period.11 Treatment 
strategies evolved rapidly with emerging ev-
idence, including the use of dexamethasone, 
beginning in June 2020.12 WVAMC followed 
the Advisory Committee on Immunization 
Practices guidance on vaccination rollout be-
ginning in December 2020.13 

Patients' income was estimated by the 
median household income of the zip code 
residence based on US Census Bureau 2021 
estimates and was assessed as both a con-
tinuous and categorical variable.14 The 
Charlson Comorbidity Index (CCI) was in-
cluded in models as a continuous variable.15 
Variables contributing to the CCI include 
myocardial infarction, congestive heart fail-
ure, peripheral vascular disease, cerebro-
vascular disease, dementia, hemiplegia or 
paraplegia, ulcer disease, hepatic disease, 
diabetes (with or without end-organ dam-
age), chronic obstructive pulmonary dis-
ease (COPD), connective tissue disease, 
leukemia, lymphoma, moderate or severe 
renal disease, solid tumor (with or without 
metastases), and HIV/AIDS. The WVAMC 
Institutional Review Board approved this 
study (IRB #1573071).

Variables
This study assessed 3 primary outcomes as 
indicators of disease severity during hos-
pitalization: need for high-flow oxygen 
(HFO), intubation, and presumed mor-
tality at any time during hospitalization. 
The following variables were collected as 
potential social determinants or clinical 
risk-adjustment predictors of disease se-
verity outcomes: age; sex; race and ethnic-
ity; median income for patient’s zip code 

residence, state, and county; wards within 
Washington, DC; comorbidities, CCI; to-
bacco use; and body mass index.15 Although 
medications at baseline, treatments during 
hospitalization for COVID-19, and labora-
tory parameters during hospitalization are 
shown in eAppendices 1 and 2 (available at 
doi:10.12788/fp.0678), they are beyond the 
scope of this analysis.

Statistical Analysis
Three types of logistic regression models 
were calculated for predicting the disease 
severity outcomes: (1) simple unadjusted 
models; (2) models predicting from sin-
gle variables plus age (age-adjusted); and 
(3) multivariable models using all nonre-
dundant potential predictors with adequate 
sample sizes (multivariable). Variables were 
considered to have inadequate sample sizes 
if there was nontrivial missing data or small 
numbers within categories, (eg, AIDS, con-
nective tissue disease). Potential predictors 
for the multivariable model included age, 
sex, race, median income by zip code res-
idence, CCI, CDC admission period, obe-
sity, hypertension, chronic kidney disease, 
obstructive sleep apnea (OSA), diabetes, 
COPD or asthma, liver disease, antibiotics, 
and acute kidney injury.

For the multivariable models, the fol-
lowing modifications were made to avoid 
unreliable parameter estimation and com-
putation problems (quasi-separation): 
age and CCI were included as continuous 
rather than categorical variables. Race was 
recoded as a 2-category variable (Black vs 
other [White, Hispanic, American Indian, 
Alaska Native, Asian, Native Hawaiian, 
and Pacific Islander]), and ethnicity was 
excluded because of the small number of 
patients in this group (n = 16). Admission 
period was included. Predicted probabil-
ity plots were generated for each outcome 
with continuous independent predictors 
(income and CCI), both unadjusted and 
adjusted for age as a continuous covari-
ate. All analyses were performed using SAS 
version 9.4.

Heat Maps
Heat maps were generated to visualize the 
geospatial distribution of COVID-19 cases 
and median incomes across zip codes in the 
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greater Washington, DC area. Patient case 
data and median income, aggregated by 
zip code, were imported using ArcGIS On-
line. A zip code boundary layer from Esri 
(United States Zip Code Boundaries) was 
used to spatially align the case data. Data 
were joined by matching zip codes or me-
dian incomes in the patient dataset to those 
in the boundary layer. The resulting poly-
gon layer was styled using the Counts and 
Amounts (Color) symbology in ArcGIS On-
line, with case counts or median income de-
termining the intensity of the color gradient. 

RESULTS
Between March 1, 2020, and June 30, 
2021, 348 patients were hospitalized with 
COVID-19 (Table 1). The mean (SD) 
age was 68.4 (13.9) years, 313 patients 
(90.2%) were male, 281 patients (83.4%) 
were Black, 47 patients (13.6%) were 
White, and 16 patients (4.8%) were His-
panic. One hundred forty patients (40.2%) 
resided in Washington, DC, 151 (43.4%) in 
Maryland, and 19 (5.5%) in Virginia. HFO 
was received by 86 patients (24.7%), 33 
(9.5%) required intubation and mechani-
cal ventilation, and 57 (16.4%) died. All 

intubations and deaths occurred among pa-
tients aged > 50 years, with death occur-
ring in 17.8% of patients aged > 50 years.

Demographic characteristics and base-
line comorbidities associated with COVID-
19 disease severity can be found in 
eAppendix 2 (available at doi:10.12788/
fp.0678). In unadjusted analyses, age was 
significantly associated with the risk of 
HFO, with a mean (SD) age of 72.5 (11.7) 
years among those requiring HFO and 
67.1 (14.4) years among patients with-
out HFO (odds ratio [OR], 1.03; 95% CI, 
1.01-1.05; P = .002). Although age was not 
associated with the risk of intubation, it 
was significantly associated with mortal-
ity. Patients who died had a mean (SD) 
age of 76.8 (11.8) years compared with  
66.8 (13.7) years among survivors (OR, 
1.06; 95% CI, 1.04-1.09; P < .001).

Compared with patients with no co-
morbidities, CCI categories of mild, mod-
erate, and severe were associated with 
increased risk of requiring HFO (eAppen-
dix 3, available at doi:10.12788/fp.0678). 
The adjusted OR (aOR) was highest 
among patients with severe CCI (aOR, 
7.00; 95% CI, 2.42-20.32; P = .0007). In 

TABLE 2. Multivariable Logistic Regression Results, Excluding Antibiotics and Acute Kidney Injurya

Predictor HFO, OR (95% CI) P value Intubation, OR (95% CI) P value Death, OR (95% CI) P value

Age (per 10-y increase) 1.29 (0.97-1.70) .07 1.05 (0.68-1.62) .82 2.20 (1.55-3.14) .0001

Female 0.64 (0.19-2.15) .46 0.88 (0.16-4.72) .88 1.47 (0.42-5.23) .54

Black (vs other races) 1.68 (0.68-4.15) .25 1.81 (0.46-7.20) .39 0.82 (0.31-2.20) .69

Median zip code income (per $10,000) 0.92 (0.84-1.01) .09 1.09 (0.95-1.24) .21 1.01 (0.91-1.12) .85

Hypertension 0.56 (0.27-1.17) .12 0.90 (0.30-2.70) .85 1.09 (0.43-2.76) .86

Diabetes 2.42 (1.27-4.61) .006 2.24 (0.87-5.77) .09 1.60 (0.76-3.36) .21

Chronic kidney disease 1.58 (0.75-3.32) .22 0.93 (0.30-2.90) .90 1.62 (0.71-3.72) .24

Liver disease or cirrhosis 2.19 (1.09-4.39) .02 2.81 (1.07-7.40) .03 2.97 (1.31-6.74) .008

COPD or asthma 1.40 (0.67-2.92) .36 0.84 (0.27-2.65) .76 0.68 (0.27-1.73) .41

Obstructive sleep apnea 1.05 (0.52-2.15) .88 1.28 (0.47-3.52) .62 3.45 (1.49-7.97) .003

CDC admission period 
  Early 2020 
  Mid 2020
  Late 2020 
  Early 2021

Reference 
0.33 (0.14-0.75) 
0.20 (0.09-0.44) 
0.31 (0.14-0.67)

.007 
.0001 
.002

Reference
0.16 (0.05-0.54) 
0.09 (0.02-0.33) 
0.13 (0.04-0.45)

.003 
.0003 
.001

Reference 
0.34 (0.11-1.00) 
0.36 (0.15-0.86) 
0.51 (0.21-1.24)

.046 
.02 
.13

Abbreviations: CDC, Centers for Disease Control and Prevention; COPD, chronic obstructive pulmonary disease; HFO, high-flow oxygen; OR, odds ratio.
aFor the multivariable analysis, excluding patients with missing data, 82 patients received HFO, 31 received intubation, and 53 died.
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age-adjusted analyses, CCI was not associ-
ated with intubation or mortality.

Geospatial Analyses
State of residence, county of residence, and 
geographic area (including Washington, 
DC wards, and geographic divisions within 
counties of residence in Maryland and Vir-
ginia) were not associated with the clinical 
outcomes studied (eAppendix 4, available at 
doi:10.12788/fp.0678). However, zip code-
based median income, analyzed as a contin-
uous variable, was associated with a reduced 
likelihood of receiving HFO (aOR, 0.91; 
95% CI, 0.84-0.99; P = .03). Income was not 
significantly associated with intubation or 
mortality. 

The majority of patients hospitalized for 
COVID-19 at WVAMC resided in zip codes 
in eastern Washington, DC, inclusive of 
wards 7 and 8, and Prince George’s County, 
Maryland (Figure 1). These areas also corre-
sponded to the lowest median household in-
come by zip code (Figure 2).

Multivariable Analysis
Significant predictors of HFO requirement 
included comorbid diabetes (OR, 2.42; 95% 
CI, 1.27-4.61; P = .006) and liver disease or 
cirrhosis (OR, 2.19; 95% CI, 1.09-4.39; P = 
.02) (Table 2). CDC admission period was 
also associated with HFO need. Patients ad-
mitted after early 2020 had lower odds of 
receiving HFO. Race and median income 
based on zip code residence were not asso-
ciated with HFO requirement. 

Comorbid liver disease or cirrhosis was a 
significant predictor of intubation (OR, 2.81; 
95% CI, 1.07-7.40; P = .03). CDC admission 
period was associated with intubation with 
lower odds of intubation for patients admit-
ted after early 2020. Race and median in-
come by zip code were not associated with 
intubation. 

Significant predictors of mortality in-
cluded age (OR, 2.20; 95% CI, 1.55-3.14; P 
= .0001), comorbid liver disease or cirrhosis 
(OR, 2.97; 95% CI, 1.31-6.74; P = .008), and 
OSA (OR, 3.45; 95% CI, 1.49-7.97; P = .003). 
CDC admission period was associated with 
mortality, with lower odds of intubation for 
patients admitted in mid- and late 2020. Race 
and median income by zip code residence 
were not associated with intubation.

DISCUSSION
In this study of COVID-19 disease severity 
at a large integrated health care system that 
provides equal access to care, race, ethnic-
ity, and geographic location were not asso-
ciated with the need for HFO, intubation, 
or presumed mortality. Median income by 
zip code residence was associated with re-
duced HFO use in univariable analyses but 
not in multivariable models. 

These findings support existing litera-
ture suggesting that race and ethnicity 
alone do not explain disparities in COVID-
19 outcomes. Multiple studies have dem-
onstrated that disparities in health 
outcomes have been reduced for patients 

FIGURE 1. Geospatial Heat Map of COVID-19 Cases by Zip 
Code

FIGURE 2. Geospatial Heat Map of Median Income by Zip 
Code
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receiving VHA care.6,16-19 However, even 
within a health care system with assumed 
equal access, the finding of an association 
between income and need for HFO in the 
univariable analysis may reflect a greater 
likelihood of delays in care due to struc-
tural barriers. Multiple studies suggest low 
SES may be an independent risk factor for 
severe COVID-19 disease. Individuals with 
low SES have higher rates of chronic dis-
eases of obesity, diabetes, heart disease, and 
lung disease; thus, they are also at greater 
risk of serious illness with COVID-19.20-

24 Socioeconomic disadvantage may also 
have limited individuals’ ability to engage 
in protective behaviors to reduce COVID-
19 infection risk, including food stockpil-
ing, social distancing, avoidance of public 
transportation, and refraining from work-
ing in “essential jobs.”21 

Beyond SES, place of residence also in-
fluences health outcomes. Prior literature 
supports using zip codes to assess area-
based SES status and monitor health dis-
parities.25 The Social Vulnerability Index 
incorporates SES factors for communities 
and measures social determinates of health 
at a zip code level exclusive of race and eth-
nicity.26 Socially vulnerable communities 
are known to have higher rates of chronic 
diseases, COVID-19 mortality, and lower 
vaccination rates.3 Within a defined geo-
graphic area, an individual’s outcome for 
COVID-19 can be influenced by individual 
resources such as access to care and median 
income. Disposable income may mitigate 
COVID-19 risk by facilitating timely care, 
reducing occupational exposure, improving 
housing stability, and supporting health-
promoting behaviors.21 

Limitations
Due to the evolving nature of the COVID-
19 pandemic, variants, treatments, and in-
terventions varied throughout the study 
period and are not included in this analysis. 
In late December 2020, COVID-19 vaccina-
tion was approved with a tiered allocation 
for at-risk patients and direct health care 
professionals. Three of the 4 study periods 
analyzed in this study were prior to vac-
cine rollout and therefore vaccination his-
tory was not assessed. However, we tried to 
capture the evolving changes in COVID-19 

variants, treatments and interventions, and 
skill in treating the disease through use of 
CDC-defined time frames. Another limita-
tion is that some studies have shown that 
use of median income by zip code residence 
can underestimate mortality.27 Also, shared 
resources and access to other sources of 
disposable income can impact the imme-
diate attainment of social needs. For ex-
ample, during the COVID-19 pandemic, 
health care systems in Washington, DC as-
sisted vulnerable individuals by providing 
food, housing, and other resources.28,29 Fi-
nally, the modest sample size limits gener-
alizability and power to detect differences 
for certain variables, including Hispanic 
ethnicity.

CONCLUSIONS
There have been widely described dispar-
ities in disease severity and death during 
the COVID-19 pandemic. In this urban vet-
eran cohort of hospitalized patients, there 
was no difference in the need for intubation 
or mortality associated with race. The find-
ings suggest that a lower median income by 
zip code residence may be associated with 
greater disease severity at presentation, but 
do not predict severe outcomes and mortal-
ity overall. VHA care, which provides equal 
access to care, may mitigate the disparities 
seen in the private sector. 

Acknowledgments
The authors thank Mark Bova, MPH, George Washington 
University School of Public Health, for his contributions to the 
design of the statistical analyses performed. 

Author affiliations
aWashington Veterans Affairs Medical Center, Washington, DC
bGeorge Washington University, Washington, DC
cUniformed Services University of the Health Sciences, 
Bethesda, Maryland
dGeorge Washington University Milken Institute School of  
Public Health, Washington, DC
eBrooke Army Medical Center, San Antonio, Texas
fBaylor College of Medicine, Houston, Texas
gMedStar Shah Medical Group, Hollywood, Maryland
hVanderbilt University Medical Center, Nashville, Tennessee
iUniversity of Michigan, Ann Arbor

Author disclosures
All authors attest to substantially contributing to the con-
ception or design of the work; or the acquisition, analysis, 
or interpretation of data for the work; and drafting the work 
or reviewing it critically for important intellectual content; 
and giving final approval of the version to be published; and 
agreeing to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. The authors report no actual or potential conflicts 
of interest with regard to this article. 



COVID-19

82 • FEDERAL PRACTITIONER  •   FEBRUARY 2026 mdedge.com/fedprac

Disclaimer
The opinions expressed herein are those of the authors and do 
not necessarily reflect those of Federal Practitioner, Frontline 
Medical Communications Inc., the US Government, or any of its 
agencies. This article may discuss unlabeled or investigational 
use of certain drugs. Please review the complete prescribing 
information for specific drugs or drug combinations—including 
indications, contraindications, warnings, and adverse effects—
before administering pharmacologic therapy to patients.

Ethics and consent
The Washington Veterans Affairs Medical Center Institu-
tional Review Board and Research & Development com-
mittee reviewed and approved this study (IRB# 1573071). 
Patients' consent was not obtained for this retrospec-
tive study. The authors attest to no competing interests. 
The datasets during and/or analyzed during the study are 
available from the corresponding author on reasonable 
request.

References 
  1.  �District of Columbia: All Race & Ethnicity Data. The COVID 

Tracking Project. Accessed December 10, 2025. https://
covidtracking.com/data/state/district-of-columbia/race 
-ethnicity 

  2.  �Freese KE, Vega A, Lawrence JJ, et al. Social vul-
nerability is associated with risk of COVID-19 related 
mortality in U.S. counties with confirmed cases. J 
Health Care Poor Underserved. 2021;32:245-257. 
doi:10.1353/hpu.2021.0022 

  3.  �Saulsberry L, Bhargava A, Zeng S, et al. The social vulner-
ability metric (SVM) as a new tool for public health. Health 
Serv Res. 2023;58:873-881. doi:10.1111/1475-6773.14102

  4.  �Romano SD, Blackstock AJ, Taylor EV, et al. Trends 
in racial and ethnic disparities in COVID-19 hospital-
izations, by region - United States, March-December 
2020. MMWR Morb Mortal Wkly Rep. 2021;70:560-565. 
doi:10.15585/mmwr.mm7015e2

  5.  �Kullar R, Marcelin JR, Swartz TH, et al. Racial dis-
parity of coronavirus disease 2019 in African Ameri-
can communities. J Infect Dis. 2020;222:890-893.  
doi:10.1093/infdis/jiaa372 

  6.  �Riviere P, Luterstein E, Kumar A, et al. Survival of Afri-
can American and non-Hispanic White men with prostate 
cancer in an equal-access health care system. Cancer. 
2020;126:1683-1690. doi:10.1002/cncr.32666

  7.  �Ohl ME, Richardson Miell K, Beck BF, et al. Mor-
tality among US veterans admitted to commu-
nity vs Veterans Health Administration hospitals for 
COVID-19. JAMA Netw Open. 2023;6:e2315902.  
doi:10.1001/jamanetworkopen.2023.15902

  8.  �US Department of Veterans Affairs. VA Washington DC 
Health Care. Accessed January 16, 2026. https://www 
.va.gov/washington-dc-health-care/about-us/

  9.  �Trottier C, La J, Li LL, et al. Maintaining the utility of coro-
navirus disease 2019 pandemic severity surveillance: 
evaluation of trends in attributable deaths and develop-
ment and validation of a measurement tool. Clin Infect Dis. 
2023;77:1247-1256. doi:10.1093/cid/ciad381

10. 	Centers for Disease Control and Prevention. CDC Mu-
seum COVID-19 Timeline. Updated July 8, 2024. Accessed 
January 16, 2026. https://www.cdc.gov/museum/timeline 
/covid19.html#Early-2020

11. 	Centers for Disease Control and Prevention. Covid-surveil-
lance and data analytics. September 5, 2025. Accessed 
January 16, 2026. cdc.gov/covid/php/surveillance/index.html

12. 	RECOVERY Collaborative Group, Horby P, Lim WS, 
et al .  Dexamethasone in hospital ized patients 
with Covid-19.  N Engl J Med. 2021;384:693-704.  
doi:10.1056/NEJMoa2021436

13. 	Dooling K, Marin M, Wallace M, et al. The Advisory Com-
mittee on Immunization Practices’ updated interim recom-
mendation for allocation of COVID-19 Vaccine - United 

States, December 2020. MMWR Morb Mortal Wkly Rep. 
2021;69:1657-1660. doi:10.15585/mmwr.mm695152e2 

14. 	US Census Bureau. Explore census data. Ac-
cessed December 10, 2025. https://data.census.gov 
/prof i le?q=Income%20by%20Zip%20code%20 
tabulation%20area

15. 	Charlson ME, Pompei P, Ales KL, et al. A new method of 
classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis. 1987;40:373-
383. doi:10.1016/0021-9681(87)90171-8

16. 	Zullig LL, Carpenter WR, Provenzale D, Weinberger M, 
Reeve BB, Jackson GL. Examining potential colorec-
tal cancer care disparities in the Veterans Affairs 
health care system. J Clin Oncol. 2013;31:3579-3584. 
doi:10.1200/JCO.2013.50.4753

17. 	Grubaugh AL, Slagle DM, Long M, Frueh BC, Magruder 
KM. Racial disparities in trauma exposure, psychiatric 
symptoms, and service use among female patients in Vet-
erans Affairs primary care clinics. Womens Health Issues. 
2008;18:433-441. doi:10.1016/j.whi.2008.08.001

18. 	Bosworth HB, Parsey KS, Butterfield MI, et al. Racial 
variation in wanting and obtaining mental health services 
among women veterans in a primary care clinic. J Natl Med 
Assoc. 2000;92:231-236.

19. 	Luo J, Rosales M, Wei G, et al. Hospitalization, mechanical 
ventilation, and case-fatality outcomes in US veterans with 
COVID-19 disease between years 2020-2021. Ann Epide-
miol. 2022;70:37-44. doi:10.1016/j.annepidem.2022.04.003

20. 	Kondo K, Low A, Everson T, et al. Health disparities in vet-
erans: a map of the evidence. Med Care. 2017;55 Suppl 9 
Suppl 2:S9-S15. doi:10.1097/MLR.0000000000000756

21. 	Grosicki GJ, Bunsawat K, Jeong S, Robinson AT. 
Racial and ethnic disparities in cardiometabolic dis-
ease and COVID-19 outcomes in White, Black/
African American, and Latinx populations: Social deter-
minants of health. Prog Cardiovasc Dis. 2022;71:4-10.  
doi:10.1016/j.pcad.2022.04.004

22. 	National Center for Immunization and Respiratory Dis-
eases (U.S.). Division of Viral Diseases. Coronavirus Dis-
ease 2019 (COVID-19): COVID-19 in Racial and Ethnic 
Minority Groups: June 4, 2020. CDC Stacks. June 4, 2020. 
Accessed January 14, 2026. https://stacks.cdc.gov/view 
/cdc/88770

23. 	Yancy CW. COVID-19 and African Americans. JAMA. 
2020;323:1891-1892. doi:10.1001/jama.2020.6548

24.	Magesh S, John D, Li WT, et al.  Disparit ies in 
COVID-19 outcomes by race, ethnicity, and so-
cioeconomic status: a systematic-review and meta-
analysis. JAMA Netw Open .  2021;4:e2134147.  
doi:10.1001/jamanetworkopen.2021.34147

25. 	Berkowitz SA, Traore CY, Singer DE, Atlas SJ. Evaluating 
area-based socioeconomic status indicators for monitor-
ing disparities within health care systems: results from a 
primary care network. Health Serv Res. 2015;50:398-417. 
doi:10.1111/1475-6773.12229

26. 	Social Vulnerability Index. Agency for Toxicity and Dis-
ease Registry. July 22, 2024. Accessed January 14, 2026. 
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html

27. 	Moss JL, Johnson NJ, Yu M, Altekruse SF, Cronin KA. 
Comparisons of individual- and area-level socioeco-
nomic status as proxies for individual-level measures: 
evidence from the Mortality Disparities in American 
Communities study. Popul Health Metr. 2021;19:1. 
doi:10.1186/s12963-020-00244-x

28. 	DC Department of Human Services. Response to COVID-
19. Accessed January 14, 2026. https://dhs.dc.gov/page 
/responsetocovid19

29. 	Wang PG, Brisbon NM, Hubbell H, et al. Is the Gap 
Closing? Comparison of sociodemographic cis-
parit ies in COVID-19 hospital izations and out-
comes between two temporal waves of admissions. 
J Racial Ethn Health Disparities. 2023;10:593-602.  
doi:10.1007/s40615-022-01249-y


