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Abstract

IMPORTANCE During the first year of the COVID-19 pandemic, there was a substantial increase in
the rate of death in the United States. It is unclear whether those who had access to comprehensive
medical care through the Department of Veterans Affairs (VA) health care system had different death
rates compared with the overall US population.

OBJECTIVE To quantify and compare the increase in death rates during the first year of the
COVID-19 pandemic between individuals who received comprehensive medical care through the VA
health care system and those in the general US population.

DESIGN, SETTING, AND PARTICIPANTS This cohort study compared 10.9 million enrollees in the
VA, including 6.8 million active users of VA health care (those with a visit in the last 2 years), with the
general population of the US, with deaths occurring from January 1, 2014, to December 31, 2020.
Statistical analysis was conducted from May 17, 2021, to March 15, 2023.

MAIN OUTCOMES AND MEASURES Changes in rates of death from any cause during the COVID-19
pandemic in 2020 compared with previous years. Changes in all-cause death rates by quarter were
stratified by age, sex, race and ethnicity, and region, based on individual-level data. Multilevel
regression models were fit in a bayesian setting. Standardized rates were used for comparison
between populations.

RESULTS There were 10.9 million enrollees in the VA health care system and 6.8 million active users.
The demographic characteristics of the VA populations were predominantly male (>85% in the VA
health care system vs 49% in the general US population), older (mean [SD], 61.0 [18.2] years in the
VA health care system vs 39.0 [23.1] years in the US population), and had a larger proportion of
patients who were White (73% in the VA health care system vs 61% in the US population) or Black
(17% in the VA health care system vs 13% in the US population). Increases in death rates were
apparent across all of the adult age groups (�25 years) in both the VA populations and the general US
population. Across all of 2020, the relative increase in death rates compared with expected values
was similar for VA enrollees (risk ratio [RR], 1.20 [95% CI, 1.14-1.29]), VA active users (RR, 1.19 [95% CI,
1.14-1.26]), and the general US population (RR, 1.20 [95% CI, 1.17-1.22]). Because the prepandemic
standardized mortality rates were higher in the VA populations prior to the pandemic, the absolute
rates of excess mortality were higher in the VA populations.

CONCLUSIONS AND RELEVANCE In this cohort study, a comparison of excess deaths between
populations suggests that active users of the VA health system had similar relative increases in
mortality compared with the general US population during the first 10 months of the COVID-19
pandemic.
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Key Points
Question How did changes in rates of

death among patients in the Veterans

Affairs (VA) health system that occurred

during the first year of the COVID-19

pandemic compare with changes in

rates of death among the general US

population?

Findings This cohort study found that

changes in death rates between the VA

population and the general US

population were comparable after

accounting for demographic differences

between the populations. The changes

varied by race and ethnicity in both

populations; these disparities changed

over time.

Meaning This study suggests that the

COVID-19 pandemic had a large

association with rates of death in the US

and, specifically, among veterans.
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Introduction

During the first year of the COVID-19 pandemic, there was a substantial increase in the rate of death
in the United States.1 This increase, particularly among older adults, was largely a consequence of
infection with SARS-CoV-2.2 However, the association of the pandemic with death rates varied
substantially across subpopulations. Rates of death related to COVID-19 were higher among Black
and Hispanic populations compared with White populations, among men compared with women,
and among older adults compared with younger individuals.3 These disparities were associated with
many factors, including social determinants of health (eg, employment type and household
composition), differing comorbidities, systemic differences in access to health care, and biological
differences in immune responses by age and sex.

Many evaluations of the impact of COVID-19 have taken advantage of data from the US
Department of Veterans Affairs (VA), which provides comprehensive care nationally for veterans of
the armed forces. Due to the unique demographic characteristics of this population, questions have
been raised about the relevance of studies in this population. Previous reports show that death rates
among those who typically received care in the VA health system were less affected than death rates
among the general US population during the COVID-19 pandemic, despite higher rates of
comorbidities in the veteran population.4-6 However, veterans enrolled in VA health care also differ
from the general US population in age, sex, racial and ethnic composition, and geographic
distribution, and each of these factors has been associated with mortality rates in general and death
rates due to COVID-19 specifically.7-9 Using detailed data on individual deaths, it is now possible to
make appropriate comparisons by accounting for the differing demographic characteristics of
veterans receiving care from the VA health system vs individuals in the general US population. The
aim of this analysis was to quantify excess all-cause deaths during the first 9 months of the COVID-19
pandemic among veterans enrolled in the VA health system compared with the general US
population and to obtain standardized overall estimates of excess deaths, adjusted for age, sex, race
and ethnicity, and geographic region.

Methods

Overview
The analyses focused on deaths among adults aged 25 years or older in 3 different populations: VA
health system enrollees, VA health system active users, and the general US population. Data were
obtained from the National Center for Health Statistics (NCHS) and from the VA health system for
deaths occurring between January 1, 2014, and December 31, 2020. Time series were created by
counting the number of deaths by age group, sex, race and ethnicity, year, quarter, and Census region
(West, South, Midwest, and Northeast). A model was fit to quarterly data from 2014 to 2019 (before
the pandemic) and then extrapolated to 2020. Excess deaths and risk ratios (RRs) were calculated by
comparing the observed number of deaths with the expected number of deaths. This study was
reviewed and approved by the institutional review boards at the Department of Veterans Affairs
West Haven, Palo Alto, and White River Junction. Patient informed consent was not applicable
because this study is a secondary analysis of mortality data. This study conforms to the relevant
sections of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline for cohort studies.

Data Sources and Definitions
National Center for Health Statistics
Individual-level data representing all deaths in the US were obtained from the NCHS through a data
use agreement that allowed for the sharing of the geographic locations of the deaths.10 The
individual-level data, except for geographic region, are publicly available and can be downloaded
from the NCHS website.10 These vital statistics data have detailed information on the deceased
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individual, including age (years), sex, race and ethnicity, state and county of residence, and the
underlying and contributing causes of death (coded using the International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision).

Population size data for the general US population, collected by the US Census Bureau, were
obtained from the bridged race files (Vintage 2020) produced by the NCHS. These data are available
at the annual scale (July 1 estimates). To estimate population size for each stratum by quarter, we
used linear interpolation.

Department of Veterans Affairs
The population of VA enrollees includes approximately 10.9 million individuals enrolled in VA health
care: 9.2 million veterans of the US armed forces and 1.7 million who are family members of disabled
veterans.11 Most enrollees have another form of health insurance, with Medicare being the most
common among those aged 65 years or older.12 The baseline comorbidities and rates of deaths varied
between these populations, and as such, we included 2 definitions in our analysis: “VA enrollees” and
“VA active users”.

The population of VA active users were individuals with at least 1 diagnosis in their VA health
system electronic health record in the 2 years prior to each time point, indicating at least 1 clinical
encounter within the VA health system.13 The VA active user cohort is dynamic, with the population
determined by activity in the previous 2 years from each time point. Population size data for the VA
populations were obtained by querying the Assistant Deputy Under Secretary for Health Enrollment
Files for each fiscal year.

Definitions
These analyses focused on deaths among adults aged 25 years or older. The 3 populations are nested
within each other (VA active users are also VA enrollees; VA enrollees are also part of the general US
population). The analyses focused on deaths among adults aged 25 years or older because there are
very few veterans younger than 25 years (1.3% of veterans).

For each population, we used the same definitions for creating subgroups:
1. Age group (25-44, 45-64, 65-74, 75-84, and �85 years).
2. Sex (male or female).
3. Race and ethnicity: American Indian or Alaska Native (non-Hispanic); Asian, Native Hawaiian, or

Other Pacific Islander (non-Hispanic); Black or African American (non-Hispanic); Hispanic; and
White (non-Hispanic). These groups were chosen to align with population size data compiled by
the NCHS.14 Race and ethnicity for the VA population were based on self-reported race and
ethnicity. Race and ethnicity (single race or bridged race categories) for the NCHS data are based
on report from funeral directors, which are provided by an informant, such as next of kin, or based
on observation of the funeral director. Recording of some racial and ethnic groups in the NCHS
data are less accurate, particularly for American Indian or Alaska Native individuals.15 For both data
sets, individuals who reported Hispanic ethnicity were included in the Hispanic group, regardless
of any other self-reported race.

4. Quarter (January to March, April to June, July to September, and October to December).
5. Census region (Northeast, South, West, and Midwest).16

Statistical Analysis
Model to Generate a Baseline
Statistical analysis was conducted from May 17, 2021, to March 15, 2023. All statistical tests were
2-sided. The goal for the model was to generate an expected number of deaths by month and
subgroup based on prepandemic quarterly data from the preceding 6 prepandemic years
(2014-2019) and then extrapolate to each quarter in 2020. Because the pandemic activity increased
in the US in March 2020, the first quarter of 2020 includes both pandemic and prepandemic months
and is therefore not used for model fitting. Excess deaths and RRs are calculated by comparing the
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observed number of deaths with the expected number of deaths based on the model. Observed and
modeled values were combined over subgroups to obtain summary estimates. We used a multilevel
regression model fit to data aggregated by time period, race and ethnicity, age group, region, and sex.
Models were fit in a bayesian setting using the INLA package in R, version 4.1.2 (R Group for Statistical
Computing) (eMethods in Supplement 1).

Standardized Death Rates
For comparisons between the different populations, we used death rates standardized by age, sex,
race and ethnicity, and region, using direct standardization. The population of VA enrollees who have
nonmissing data on race and ethnicity was used as the standard population. Both the observed and
expected death rates were standardized, and the ratio of these standardized values provided a
mortality RR adjusted for population structure.

Individual-Level Analysis
We used the full patient-level data from VA active users to compare estimates of excess mortality
with the Poisson model described. These were fit to aggregated time series data, with a patient-level
Cox proportional hazards regression model fit to individual-level data (eMethods in Supplement 1).

Comparison With Reported COVID-19 Deaths
For the NCHS data, we compared the estimates of excess deaths due to COVID-19 with deaths
recorded as being caused by COVID-19. COVID-19 deaths were identified based on having a code for
the underlying or contributing cause of death listed as U07.1, which was the code primarily in use
during 2020.

Availability of Code and Data
Code used for all analyses can be found online.17 All analyses were completed in R, version 4.1.2.18

Data on US mortality, with the exception of state or region, can be obtained online.19 For additional
variables, including geography, a data use agreement with NCHS is required. US Department of
Veterans Affairs data and the analytic data sets used for this study can be made available to
researchers with a VA institutional review board–approved study protocol and data use agreement.
Information is available online20 or by contacting the VA Information Resource Center.

Results

Demographic Characteristics and Baseline Death Rates
There were 10.9 million enrollees in the VA health care system and 6.8 million active users (Table 1).
The demographic characteristics of the VA population differed from those of the general US
population in several important ways. The VA population was predominantly male (>85% in the VA
health care system vs 49% in the US population), was older than the general US population (mean
[SD], 61.0 [18.2] years in the VA health care system vs 39.0 [23.1] years in the US population), and had
a larger proportion of individuals who were White (73% in the VA health care system vs 61% in the
US population) or Black (17% in the VA health care system vs 13% in the US population) and smaller
proportion who were Hispanic (7% in the VA health care system vs 18% in the US population) or
Asian, Hawaiian, or Pacific Islander (2% in the VA health care system vs 6% in the US population).
Expected death rates were generally higher among the VA enrollees than the general US population
(2520 per 100 000 [95% prediction interval, 2360-2670 per 100 000] vs 930 deaths per 100 000
[95% prediction interval, 910-960 per 100 000]) and higher still among active users of VA health
care (2910 deaths per 100 000 [95% prediction interval, 2770-3050 per 100 000]) (Table 2). Even
after standardizing the death rates by age, sex, race and ethnicity, and region, the expected death
rate among the active users of VA health care was approximately 26% higher than in the general US
population (2160 per 100 000 [95% prediction interval, 2130-2200 per 100 000] in the US
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population vs 2730 per 100 000 [95% prediction interval, 2590-2860 per 100 000] among VA
active users).

Relative and Absolute Increases in Rates of Death in 2020
There were differences between the rates of observed and expected deaths due to any cause
starting in the second quarter of 2020 (April onward). These increases were apparent across all of
the adult age groups (�25 years) in both the general US population and the VA populations (eFigure 1
in Supplement 1). There were subtle differences in the magnitude of the relative increases during the
first wave of the pandemic (second quarter of 2020), with a larger increase in the general US
population than in either of the VA populations (Figure 1A). However, these differences were largely
due to differences in the geographic and demographic makeup of the populations, which were
resolved by standardization (Figure 1B; eFigure 2 in Supplement 1). Across all of 2020, the relative
increase in death rates during 2020 was similar in the general US population (RR, 1.20 [95% CI,
1.17-1.22]), among VA enrollees (RR, 1.20 [95% CI, 1.14-1.29]), and among VA active users (RR, 1.19

Table 1. Characteristics of the Populations in 2019a

Characteristic
US population
(n = 328 329 953)

VA population
Enrollees
(n = 10 939 936)

Active users
(n = 6 837 558)

Age, mean (SD), y 39.0 (23.1) 61.0 (18.2) 62.2 (17.2)

Age group, No. (%)b

<25 y 103 323 542 (31.5) 195 689 (1.9) 61 186 (1.0)

25-44 y 87 678 128 (26.7) 2 108 249 (20.1) 1 184 766 (18.1)

45-64 y 83 291 548 (25.4) 3 052 556 (29.0) 1 900 716 (29.0)

65-74 y 31 471 344 (9.6) 2 825 582 (26.9) 1 972 179 (30.1)

75-84 y 15 965 924 (4.9) 1 380 960 (13.1) 873 952 (13.3)

≥85 y 6 599 467 (2.0) 946 160 (9.0) 565 774 (8.6)

Race and ethnicity, No. (%)c

American Indian or Alaska Native 2 753 041 (0.8) 61 684 (0.7) 43 446 (0.7)

Asian, Native Hawaiian,
or Other Pacific Islander

20 955 083 (6.4) 180 311 (2.2) 119 279 (2.0)

Black 43 319 362 (13.2) 1 383 616 (16.7) 1 087 871 (18.0)

Hispanic 60 404 487 (18.4) 596 537 (7.2) 430 393 (7.1)

White 200 897 980 (61.2) 6 045 752 (73.1) 4 348 260 (72.1)

Sex, No. (%)d

Male 161 692 336 (49.2) 9 393 350 (85.9) 6 010 777 (87.9)

Female 166 637 617 (50.8) 1 230 007 (11.2) 618 829 (9.1)

Abbreviation: VA, US Department of Veterans Affairs.
a The 3 populations are fully nested: VA active users

are included within VA enrollees, which are included
within the US population. The VA demographic data
are for the start of fiscal year 2019, which ran from
October 2018 to September 2019.

b Data were missing for 430 740 enrollees and
278 985 active users.

c The race and ethnicity categories are mutually
exclusive. Data were missing for 2 672 036 enrollees
and 808 309 active users.

d Data were missing for 316 579 enrollees and 207 952
active users.

Table 2. Rates of Observed and Expected All-Cause Deaths, Rates of Excess Deaths, and Relative Increases,
April to December 2020

Deaths US population

VA population

Enrollees Active users
All-cause deaths/100 000a

Expected 2020 Q2-4, No. (95% prediction interval) 930 (910-960) 2520 (2360-2670) 2910 (2770-3050)

Observed 2020 Q2-4, No. 1130 3022 3441

Excess incidence, No. (95% prediction interval) 200 (170-220) 500 (360-660) 530 (390-680)

Risk ratio (95% prediction interval) 1.22 (1.19-1.25) 1.20 (1.13-1.28) 1.18 (1.13-1.24)

Reported COVID-19 deaths/100 000 170 NA NA

Standardized deaths/100 000a,b

Expected 2020 Q2-4, No. (95% prediction interval) 2160 (2130-2200) 2360 (2210-2500) 2730 (2590-2860)

Observed 2020 Q2-4, No. 2588 2842 3256

Excess incidence, No. (95% prediction interval) 430 (390-460) 480 (350-630) 530 (400-670)

Risk ratio (95% prediction interval) 1.20 (1.17-1.22) 1.20 (1.14-1.29) 1.19 (1.14-1.26)

Abbreviations: NA, not applicable; Q, quarter; VA, US
Department of Veterans Affairs.
a All mortality rates calculated as deaths per 100 000

people aged 25 years or older during Q2 to Q4 of
2020. Expected incidence and excess incidence are
rounded to the nearest 10. The observed and
standardized rates do not align perfectly for VA
enrollees because of the exclusion of those with
missing race and ethnicity from the standardization
calculation. Expected incidence and risk ratios, along
with the corresponding 95% prediction intervals,
were derived from the regression model.

b Direct standardization by age group, sex, race and
ethnicity, and region, using the 2020 VA enrollee
population as the reference population.
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[95% CI, 1.14-1.26]). Because the prepandemic standardized mortality rates were higher in the VA
populations prior to the pandemic, the absolute rates of excess mortality were higher in the VA
population despite the similar relative increases in all 3 populations (Figure 1 and Figure 2; Table 2).

Comparison of Excess Death Rates by Age, Sex, and Race and Ethnicity
The relative increase in deaths was smaller in the White population than in other racial and ethnic
groups. These patterns were generally consistent between the general US population and the VA
populations, but the disparities were less pronounced in the VA populations, particularly younger age
groups (eFigure 3 in Supplement 1). In the general US population, the relative increase in death rates
was similar between women and men (eFigures 4 and 5 in Supplement 1). Among VA active users, the
relative increase was larger for men (eFigure 4 and 5 in Supplement 1). Among women and men,
baseline death rates were higher for men, so the burden of the absolute increase was greater for
men. Female VA enrollees had a large increase over baseline during the first quarter of 2020, which
suggests that the baseline for this subgroup was not reliable (eFigure 5 in Supplement 1).

Rates of Excess Deaths Compared With Recorded COVID-19 Deaths
Overall, in 2020, there were 200 excess deaths per 100 000 people (95% CI, 170-220 excess deaths
per 100 000 people) in the US population. During the same period, there were 170 deaths per

Figure 1. Trajectory of the Risk Ratio (RR) for the General US Population, Veterans Affairs (VA) Enrollees,
and VA Active Users
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Figure 2. Observed Mortality Rates and Expected Mortality Rates in the General US Population,
Veterans Affairs (VA) Enrollees, and VA Active Users, Stratified by Age
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100 000 people who were recorded as having COVID-19 as the underlying or associated cause
(Table 2; eFigure 6 in Supplement 1). This finding suggests that approximately 85% of the increase in
the death rate was directly associated with COVID-19 (170 COVID-19 deaths/200 total excess
deaths). There were differences in the magnitude of the discrepancy between excess deaths and
reported COVID-19 deaths by race and ethnicity (eFigure 6 in Supplement 1). This gap was larger
among younger adults who were Black or American Indian or Alaska Native individuals (eFigure 6 in
Supplement 1). Access to specific causes of death was not available for the VA population unless the
individual received a test for SARS-CoV-2 within the VA system; therefore, similar comparisons
between excess and reported deaths were not performed for the VA populations.

Individual-Level Analysis
Estimates of the relative increase in death rates during 2020 among VA active users was similar
between the Poisson model (RR, 1.18 [95% CI, 1.15-1.22]) and the patient-level Cox proportional
hazards regression model (hazard ratio, 1.17 [95% CI, 1.15-1.20]) (eTable in Supplement 1). There was
also no meaningful difference in the estimates by quarter.

Discussion

In this study, we found that after adjusting for differences in age, sex, race and ethnicity, and region,
the relative increase in rates of death during the first 9 months of the COVID-19 pandemic were
similar between the general US population and enrollees in and users of the VA health care system.
The absolute prepandemic death rate was higher in the VA populations, which translated to higher
absolute excess death rates among veterans, despite the similar relative increases in the groups.

There are reasons to think that the outcomes for the VA active user population would have been
more associated with the COVID-19 pandemic compared with the general US population. The VA
population is heavily skewed toward men, has a high prevalence of comorbid conditions, and is
enriched for those seeking medical care.21 All these factors can increase the risk of severe outcomes
from COVID-19. The baseline death rate was higher in the VA populations, but the relative increase
during the pandemic was not notably different. Our analysis demonstrated that the COVID-19
pandemic effectively acted as a multiplier on the baseline death rates. Future work could focus on
estimating excess deaths with individual-level analyses, evaluating variations with comorbid
conditions. Although this type of analysis would be challenging to do in the general US population
due to a lack of electronic health records, the VA health system is well equipped to do so.

The increase in death rates during the pandemic differed by racial and ethnic group, which was
consistent between the 3 populations. Previous work demonstrated that, once hospitalized, Black
and White veterans had similar rates of death due to COVID-19.22 This finding suggests that
differences in the association of the COVID-19 pandemic with outcomes are due to other factors,
primarily the rate of infection in the different groups and rate of susceptibility to severe infection (eg,
comorbidity). The risk of infection varied by race and ethnicity and region,23 and larger household
size was also associated with greater infection risk.24

Measuring excess mortality has advantages and disadvantages as an analytical approach. By
evaluating the overall increase in rates of death, regardless of cause, issues associated with variations
in viral testing and differences in cause-of-death coding practices are mitigated. The downside is that
there is not a perfect correlation between excess deaths and deaths caused by COVID-19. The
magnitude of the excess deaths could result directly from deaths caused by COVID-19, or they could
indirectly result from a number of factors, including avoidance of emergency care services,
disruptions to routine or emergency care, changes in rates of other infectious diseases (eg, the
disappearance of influenza in 2020), and changes in rates of violent crime and overdoses that might
have been associated with pandemic disruptions.2 Our analyses show that the magnitude of the
increase in death rates in the US was similar to the magnitude of recorded COVID-19 deaths (170
recorded COVID-19 deaths per 100 000 vs 200 overall excess deaths per 100 000). Modeling
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studies that make use of the time series of deaths support this finding and suggest that most of the
increase in death rates among older adults was directly associated with the virus, based on the timing
and trajectory of the increases in all-cause deaths.2 It is likely that many of the deaths in younger
adult age groups were not directly associated with the virus, so other indirect factors, including
worsening mental health and increases in substance abuse, are likely to have a larger relative
association with deaths in younger age groups.2

Limitations
These analyses have some important limitations. Race and ethnicity data were missing for 24% of VA
enrollees and 7% to 14% of VA active users. The data for these individuals were effectively dropped
when calculating the standardized rates. If the race and ethnicity data were missing at random, it
would not introduce bias into the estimates. However, individuals with missing race and ethnicity
information tend to be less dependent on VA health care and are more likely to be from racial and
ethnic minority groups.25 Therefore, we likely undercounted the number of deaths in racial and
ethnic groups during the pandemic. Although we were able to standardize comparisons by age, sex,
race and ethnicity, and region, we did not have individual-level data on comorbidities in the general
US population. Therefore, differences in the prevalence of comorbidities between veterans and the
general US population that do not correlate with the adjusted factors could confound the
comparisons.26 Estimates of excess deaths depend on the statistical modeling, including trend and
seasonal components, being correctly specified. We used a multilevel model, which generally will
generate a more stable model for sparse groups, but these types of models can also introduce bias for
individual groups. This bias could lead to overestimation or underestimation of the trend for some
groups, causing inaccurate estimates of excess deaths for subgroups. Future work could focus on
further developing the individual-level models to account for additional indicators of underlying
health status, which were not addressed here.

Conclusions

Using detailed individual-level mortality records, this cohort study found that the relative association
of the COVID-19 pandemic with all-cause mortality was similar between the general US population
and users of the VA health care system. Future evaluations of excess deaths in different demographic
and comorbidity groups in the general US and VA populations will help to contextualize these
comparisons.

ARTICLE INFORMATION
Accepted for Publication: March 24, 2023.

Published: May 8, 2023. doi:10.1001/jamanetworkopen.2023.12140

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Weinberger
DM et al. JAMA Network Open.

Corresponding Author: Daniel M. Weinberger, PhD, Yale School of Public Health, 60 College St, PO Box 208034,
New Haven, CT 06520 (daniel.weinberger@yale.edu).

Author Affiliations: Department of Epidemiology of Microbial Diseases, Yale School of Public Health, New Haven,
Connecticut (Weinberger); Department of Veterans Affairs Connecticut Healthcare System, West Haven
(Weinberger, Rentsch, King, Justice); Department of Veterans Affairs Medical Center, Palo Alto, California (Rose,
Asch, Vashi); Surgery Policy Improvement Research and Education Center, Stanford School of Medicine, Palo Alto,
California (Rose); Department of Non-communicable Disease Epidemiology, London School of Hygiene & Tropical
Medicine, London, United Kingdom (Rentsch); Department of General Internal Medicine, Yale School of Medicine,
New Haven, Connecticut (Rentsch, Justice); Division of Primary Care and Population Health, Stanford School of
Medicine, Palo Alto, California (Asch); Department of Health Research and Policy, Stanford School of Medicine,
Palo Alto, California (Asch, Vashi); Department of Veterans Affairs Medical Center, White River Junction, Vermont

JAMA Network Open | Infectious Diseases Excess Mortality in the VA Health System vs the US Population in Year 1 of the COVID-19 Pandemic

JAMA Network Open. 2023;6(5):e2312140. doi:10.1001/jamanetworkopen.2023.12140 (Reprinted) May 8, 2023 8/11

Downloaded From: https://jamanetwork.com/ on 05/09/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.12140&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12140
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12140
mailto:daniel.weinberger@yale.edu


(Columbo, Korves, Lucas, Young-Xu, Davies); Department of Medicine, Geisel School of Medicine at Dartmouth,
Hanover, New Hampshire (Columbo, Lucas); Neurosurgery, Yale School of Medicine, New Haven, Connecticut
(King); Dartmouth Hitchcock Medical Center, Lebanon, New Hampshire (Taub); Department of Emergency
Medicine, University of California, San Francisco (Vashi); Department of Surgery, Geisel School of Medicine at
Dartmouth, Hanover, New Hampshire (Davies); Department of Health Policy and Management, Yale School of
Public Health, New Haven, Connecticut (Justice).

Author Contributions: Drs Weinberger and Rentsch had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Weinberger, Rose, Rentsch, Asch, Lucas, Taub, Young-Xu, Vashi, Davies, Justice.

Acquisition, analysis, or interpretation of data: Weinberger, Rose, Rentsch, Columbo, King, Korves, Lucas, Taub,
Young-Xu, Vashi, Justice.

Drafting of the manuscript: Weinberger, Rose, Rentsch, Young-Xu, Justice.

Critical revision of the manuscript for important intellectual content: Weinberger, Rentsch, Asch, Columbo, King,
Korves, Lucas, Taub, Young-Xu, Vashi, Davies, Justice.

Statistical analysis: Weinberger, Rose, Rentsch, Young-Xu.

Obtained funding: Rose, Lucas, Young-Xu, Vashi, Davies, Justice.

Administrative, technical, or material support: Columbo, Korves, Lucas, Young-Xu, Davies, Justice.

Supervision: Asch, Columbo, Vashi, Justice.

Conflict of Interest Disclosures: Dr Weinberger reported receiving grants and personal fees from Pfizer and
Merck and personal fees from GSK outside the submitted work. Dr Rose reported receiving grants from the US
Department of Veterans Affairs and the National Institutes of Health during the conduct of the study. Dr Columbo
reported receiving grants from the Hitchcock Foundation outside the submitted work. Dr King reported receiving
grants from the US Department of Veterans Affairs Health Services Research and Development during the conduct
of the study. Dr Korves reported receiving grants from the US Department of Veterans Affairs, Veterans Health
Administration, Office of Research and Development, Health Services Research and Development, and the
Disrupted Care National Project during the conduct of the study, and Dr Korves’ research group has received
funding from Pfizer, Sanofi Pasteur, and Vir Biotechnology for work outside of the conduct of the study. Dr Vashi
reported receiving grants from the US Department of Veterans Affairs Health Services Research and Development
during the conduct of the study. No other disclosures were reported.

Disclaimer: The views expressed in this article are those of the authors and do not necessarily reflect the position
or policy of the Department of Veterans Affairs or the United States government.

Data Sharing Statement: See Supplement 2.

Additional Information: This material is based on work supported by the US Department of Veterans Affairs,
Veterans Health Administration, Office of Research and Development, Health Services Research and
Development.

REFERENCES
1. Woolf SH, Chapman DA, Sabo RT, Zimmerman EB. Excess deaths from COVID-19 and other causes in the US,
March 1, 2020, to January 2, 2021. JAMA. 2021;325(17):1786-1789. doi:10.1001/jama.2021.5199

2. Lee W-E, Park SW, Weinberger DM, et al. Direct and indirect mortality impacts of the COVID-19 pandemic in the
US, March 2020-April 2021. medRxiv. Preprint posted online February 15, 2022. doi:10.1101/2022.02.10.22270721

3. Truman BI, Chang M-H, Moonesinghe R. Provisional COVID-19 age-adjusted death rates, by race and
ethnicity—United States, 2020-2021. MMWR Morb Mortal Wkly Rep. 2022;71(17):601-605. doi:10.15585/mmwr.
mm7117e2

4. Feyman Y, Auty SG, Tenso K, Strombotne KL, Legler A, Griffith KN. County-level impact of the COVID-19
pandemic on excess mortality among U.S. veterans: a population-based study. Lancet Reg Health Am. 2022;5:
100093. doi:10.1016/j.lana.2021.100093

5. Lukowsky LR, Der-Martirosian C, Dobalian A. Disparities in excess, all-cause mortality among Black, Hispanic,
and White veterans at the U.S. Department of Veterans Affairs during the COVID-19 pandemic. Int J Environ Res
Public Health. 2022;19(4):2368. doi:10.3390/ijerph19042368

6. Ioannou GN, Ferguson JM, O’Hare AM, et al. Changes in the associations of race and rurality with SARS-CoV-2
infection, mortality, and case fatality in the United States from February 2020 to March 2021: a population-based
cohort study. PLoS Med. 2021;18(10):e1003807. doi:10.1371/journal.pmed.1003807

7. Carethers JM. Insights into disparities observed with COVID-19. J Intern Med. 2021;289(4):463-473. doi:10.1111/
joim.13199

JAMA Network Open | Infectious Diseases Excess Mortality in the VA Health System vs the US Population in Year 1 of the COVID-19 Pandemic

JAMA Network Open. 2023;6(5):e2312140. doi:10.1001/jamanetworkopen.2023.12140 (Reprinted) May 8, 2023 9/11

Downloaded From: https://jamanetwork.com/ on 05/09/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.12140&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12140
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2021.5199&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12140
https://dx.doi.org/10.1101/2022.02.10.22270721
https://dx.doi.org/10.15585/mmwr.mm7117e2
https://dx.doi.org/10.15585/mmwr.mm7117e2
https://dx.doi.org/10.1016/j.lana.2021.100093
https://dx.doi.org/10.3390/ijerph19042368
https://dx.doi.org/10.1371/journal.pmed.1003807
https://dx.doi.org/10.1111/joim.13199
https://dx.doi.org/10.1111/joim.13199


8. Haitao T, Vermunt JV, Abeykoon J, et al. COVID-19 and sex differences: mechanisms and biomarkers. Mayo Clin
Proc. 2020;95(10):2189-2203. doi:10.1016/j.mayocp.2020.07.024

9. Gross CP, Essien UR, Pasha S, Gross JR, Wang SY, Nunez-Smith M. Racial and ethnic disparities in population-
level COVID-19 mortality. J Gen Intern Med. 2020;35(10):3097-3099. doi:10.1007/s11606-020-06081-w

10. Centers for Disease Control and Prevention. Public use data file documentation. 2021. Accessed September 2,
2022. https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm

11. US Department of Veterans Affairs. Budget. Accessed September 1, 2022. https://www.va.gov/budget/
products.asp

12. US Department of Veterans Affairs. 2021 Survey of veteran enrollees’ health and use of health care. Accessed
August 2, 2022. https://www.va.gov/VHASTRATEGY/SOE2021/2021_Enrollee_Data_Findings_Report-508_
Compliant.pdf

13. Rentsch CT, Kidwai-Khan F, Tate JP, et al. Patterns of COVID-19 testing and mortality by race and ethnicity
among United States veterans: A nationwide cohort study. PLoS Med. 2020;17(9):e1003379. doi:10.1371/journal.
pmed.1003379

14. Centers for Disease Control and Prevention. U.S. Census populations with bridged race categories. Accessed
August 2, 2022. https://www.cdc.gov/nchs/nvss/bridged_race.htm

15. Centers for Disease Control and Prevention. Health, United States, 2020-2021: race. Accessed March 7, 2023.
https://www.cdc.gov/nchs/hus/sources-definitions/race.htm

16. United States Census Bureau. Census regions and divisions of the United States. Accessed August 2, 2022.
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf

17. VA-CareDisruptions/VA_CDC_death_comparison. GitHub. Accessed March 29, 2023. https://github.com/VA-
CareDisruptions/VA_CDC_death_comparison

18. The R Project for Statistical Computing. R Foundation. Accessed April 18, 2023. https://www.R-project.org/

19. Public use data file documentation: mortality multiple cause-of-death. Centers for Disease Control and
Prevention. Accessed March 29, 2023. https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm

20. VIReC: the researcher's guide to VA data: VA information resource center. U.S. Department of Veterans Affairs.
Accessed March 29, 2023. https://www.virec.research.va.gov/

21. Hoerster KD, Lehavot K, Simpson T, McFall M, Reiber G, Nelson KM. Health and health behavior differences:
U.S. military, veteran, and civilian men. Am J Prev Med. 2012;43(5):483-489. doi:10.1016/j.amepre.2012.07.029

22. Sundaram SS, Melquist S, Kalgotra P, et al. Impact of age, sex, race, and regionality on major clinical outcomes
of COVID-19 in hospitalized patients in the United States. BMC Infect Dis. 2022;22(1):659. doi:10.1186/s12879-022-
07611-z

23. Ferguson JM, Justice AC, Osborne TF, Magid HSA, Purnell AL, Rentsch CT. Geographic and temporal variation
in racial and ethnic disparities in SARS-CoV-2 positivity between February 2020 and August 2021 in the United
States. Sci Rep. 2022;12(1):273. doi:10.1038/s41598-021-03967-5

24. Ferguson JM, Mitchell-Miland C, Shahoumian TA, et al. Temporal variation in individual social risk factors
associated with testing positive for SARS-CoV-2 among veterans in the Veterans Health Administration. Ann
Epidemiol. 2022;73:22-29. doi:10.1016/j.annepidem.2022.06.004

25. Peltzman T, Rice K, Jones KT, Washington DL, Shiner B. Optimizing data on race and ethnicity for Veterans
Affairs patients. Mil Med. 2022;187(7-8):e955-e962. doi:10.1093/milmed/usac066

26. Agha Z, Lofgren RP, VanRuiswyk JV, Layde PM. Are patients at Veterans Affairs medical centers sicker? a
comparative analysis of health status and medical resource use. Arch Intern Med. 2000;160(21):3252-3257. doi:10.
1001/archinte.160.21.3252

SUPPLEMENT 1.
eTable. Comparison of Estimated Risk Ratio From Models Fit to Individual-Level Data or to Aggregated Data From
VA Active Users
eFigure 1. Time Series of Observed and Expected Rates Over Time by Age Group Among the General US
Population and Among Enrollees of the VA
eFigure 2. Standardized Risk Ratio by Quarter in 2020 (Observed/Expected), Stratified by Age and Region, Among
White Men
eFigure 3. Risk Ratio for Each Quarter in 2020 for (A) the General US Population and (B) VA Enrollees, and (C) VA
Active Users, Calculated as Observed/Expected Deaths; Stratified by Age Group and Race/Ethnicity
eFigure 4. Observed Mortality Rates (Open Symbols) and Expected Mortality Rates (Closed Symbols) in the US
Population, VA Enrollees, and VA Active Users, Stratified by Age and Sex

JAMA Network Open | Infectious Diseases Excess Mortality in the VA Health System vs the US Population in Year 1 of the COVID-19 Pandemic

JAMA Network Open. 2023;6(5):e2312140. doi:10.1001/jamanetworkopen.2023.12140 (Reprinted) May 8, 2023 10/11

Downloaded From: https://jamanetwork.com/ on 05/09/2023

https://dx.doi.org/10.1016/j.mayocp.2020.07.024
https://dx.doi.org/10.1007/s11606-020-06081-w
https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm
https://www.va.gov/budget/products.asp
https://www.va.gov/budget/products.asp
https://www.va.gov/VHASTRATEGY/SOE2021/2021_Enrollee_Data_Findings_Report-508_Compliant.pdf
https://www.va.gov/VHASTRATEGY/SOE2021/2021_Enrollee_Data_Findings_Report-508_Compliant.pdf
https://dx.doi.org/10.1371/journal.pmed.1003379
https://dx.doi.org/10.1371/journal.pmed.1003379
https://www.cdc.gov/nchs/nvss/bridged_race.htm
https://www.cdc.gov/nchs/hus/sources-definitions/race.htm
https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
https://github.com/VA-CareDisruptions/VA_CDC_death_comparison
https://github.com/VA-CareDisruptions/VA_CDC_death_comparison
https://www.R-project.org/
https://www.cdc.gov/nchs/nvss/mortality_public_use_data.htm
https://www.virec.research.va.gov/
https://dx.doi.org/10.1016/j.amepre.2012.07.029
https://dx.doi.org/10.1186/s12879-022-07611-z
https://dx.doi.org/10.1186/s12879-022-07611-z
https://dx.doi.org/10.1038/s41598-021-03967-5
https://dx.doi.org/10.1016/j.annepidem.2022.06.004
https://dx.doi.org/10.1093/milmed/usac066
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archinte.160.21.3252&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12140
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archinte.160.21.3252&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12140


eFigure 5. Risk Ratio for Each Quarter in 2020 for (A) the General US Population and (B) VA Enrollees, and (C) VA
Active Users, Calculated as Observed/Expected Deaths; Stratified by Sex
eFigure 6. (A) Estimated Excess Deaths, (B) Deaths Recorded as Being Caused by COVID-19, and (C) the Difference
Between These Two Quantities, by Quarter in 2020
eMethods.
eReference.

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Infectious Diseases Excess Mortality in the VA Health System vs the US Population in Year 1 of the COVID-19 Pandemic

JAMA Network Open. 2023;6(5):e2312140. doi:10.1001/jamanetworkopen.2023.12140 (Reprinted) May 8, 2023 11/11

Downloaded From: https://jamanetwork.com/ on 05/09/2023


