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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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arge 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.! 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.>* 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.” 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
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diseases are attenuated or erased among vet-
erans receiving VHA care.®” 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.* 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.®

The WVAMC developed a dashboard that
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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 Criteria Hospitalized patients
Age, mean (SD), y 68.4 (13.9) Diabetes, No. (%)
Yes 146 (41.9)
Age, No. (%) No 202 (58.1)
20-29y 2(0.6)
30-39y 13@3.7) Chronic kidney disease, No. (%)
40-49y 12 3.5) Yes 79 (22.7)
50-59y 54 (15.5) No 269 (77.3)
60-69 y 92 (26.4)
gg:gg z 14?;(22395) Liver disease or cirrhosis, No. (%)
90-99 y 23 (6.6) = ruen )
No 278 (79.9)
Sex, No. (%)
Male 313 (90.2) Chronic obstructive pulmonary disease or
Female 34 (9.8) asthma, No. (%)
Yes 64 (18.4)
Race, No. (%) No 284 (81.6)
Black 281 (83.4)
White 47 (13.9) Obstructive sleep apnea, No. (%)
Other? 9(2.7) Yes 84 (24.1)
No 264 (75.9)
Ethnicity, No. (%)
Hispan.ic ) 16 (4.8) Obesity, No. (%)
Non—Hlspanlc 321 (952) Yes 177 (51 3)
) No 168 (48.7)
Residence, No. (%)
yv:zwl;nﬁon DG 128 Eig;g Charlson Comorbidity Index, No. (%)
Virgnia 19 (5.5) None 64 (18.4)
Other 38 (10.9) Mild (1-2) 120 (34.5)
Moderate (3-4) 78 (22.4)
Median income quartile by zip code, No. (%) Severe (2 5) 86 (24.7)
25th ($0-$73,544) 93 (26.7) o )
50th ($73,545-$91,310) 106 (30.5) Admission period, No. (%)
75th ($91,311-$112,496) 65 (18.7) Egrly 2020 (January 2020-April 2020) 91 (26.2)
100th ($112,497-$242,610) 84 (24.1) Mid 2020 (May 2020-August 2020) 70 (20.1)
Late 2020 (September 2020-December 2020) 104 (29.9)
Hypertension, No. (%) Early 2021(January 2021-April 2021) 83 (23.8)
Yes 261 (75.0)
No 87 (25.0) aHispanic, American Indian, Alaska Native, Asian, Native Hawaiian, and

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
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Pacific Islander.

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.” 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.
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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).'°
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."' Treatment
strategies evolved rapidly with emerging ev-
idence, including the use of dexamethasone,
beginning in June 2020."> WVAMC followed
the Advisory Committee on Immunization
Practices guidance on vaccination rollout be-
ginning in December 2020."

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.'* The
Charlson Comorbidity Index (CCI) was in-
cluded in models as a continuous variable."
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
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residence, state, and county; wards within
Washington, DC; comorbidities, CCI; to-
bacco use; and body mass index.'> 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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TABLE 2. Multivariable Logistic Regression Results, Excluding Antibiotics and Acute Kidney Injury?

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

Mid 2020 0.33 (0.14-0.75) .007 0.16 (0.05-0.54) .003 0.34 (0.11-1.00) .046

Late 2020 0.20 (0.09-0.44) .0001 0.09 (0.02-0.33) .0003 0.36 (0.15-0.86) .02

Early 2021 0.31 (0.14-0.67) .002 0.13 (0.04-0.45) .001 0.51 (0.21-1.24) 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.

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 08.4 (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
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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% ClI,
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
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FIGURE 1. Geospatial Heat Map of COVID-19 Cases by Zip
Code
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FIGURE 2. Geospatial Heat Map of Median Income by Zip
Code

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.

80 - FEDERAL PRACTITIONER * FEBRUARY 2026

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
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receiving VHA care.®'®!° 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.%*
** 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.”*!

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.”> 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.?® Socially vulnerable communities
are known to have higher rates of chronic
diseases, COVID-19 mortality, and lower
vaccination rates.> 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.?!

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
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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.?” 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.?®* 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.
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