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BACKGROUND: Vaccination is a primary method of re-
ducing the burden of influenza, yet uptake is neither
optimal nor equitable. Single-tier, primary care-oriented
health systems may have an advantage in the efficiency
and equity of vaccination.
OBJECTIVE: To assess the association of Veterans’
Health Administration (VA) coverage with influenza vac-
cine uptake and disparities.
DESIGN: Cross-sectional.
PARTICIPANTS: Adult respondents to the 2019–2020
National Health Interview Survey.
MAIN MEASURES: We examined influenza vaccination
rates, and racial/ethnic and income-based vaccination
disparities, among veterans with VA coverage, veterans
without VA coverage, and adult non-veterans. We per-
formed multivariable logistic regressions adjusted for de-
mographics and self-reported health, with interaction
terms to examine differential effects by race/ethnicity
and income.
KEY RESULTS: Our sample included n=2,277 veter-
ans with VA coverage, n=2,821 veterans without VA
coverage, and n=46,456 non-veterans. Veterans were
more often White and male; among veterans, those
with VA coverage had worse health and lower
incomes. Veterans with VA coverage had a higher
unadjusted vaccination rate (63.0%) than veterans
without VA coverage (59.1%) and non-veterans
(46.5%) (p<0.05 for each comparison). In our adjust-
ed model, non-veterans were 11.4 percentage points
(95% CI −14.3, −8.5) less likely than veterans with
VA coverage to be vaccinated, and veterans without
VA coverage were 6.7 percentage points (95% CI
−10.3, −3.0) less likely to be vaccinated than those
with VA coverage. VA coverage, compared with non-
veteran status, was also associated with reduced
racial/ethnic and income disparities in vaccination.
CONCLUSIONS:VA coverage is associated with higher
and more equitable influenza vaccination rates. A
single-tier health system that emphasizes primary
care may improve the uptake and equity of vaccina-
tion for influenza, and possibly other pathogens, like
SARS-CoV2.
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INTRODUCTION

SARS-CoV-2 is likely to continue circulating in the population,
together with other common respiratory viruses such as influen-
za, respiratory syncytial virus, and the seasonal coronaviruses.
Becoming “endemic” does not mean, however, that COVID-
19’s impact will be limited or mild. Endemic infectious diseases
often impose serious, inequal burdens of morbidity andmortality
on populations. However, an ongoing, robust medical response
might reduce the loss of life from COVID-19, as it does from
influenza. A key component of that response is vaccination,
including primary series, “boosters,” and possibly (as with influ-
enza) annual revaccination.1 Prior experiences with vaccination
campaigns against pathogens like influenza could help inform
such ongoing vaccination efforts.
Health care system factors may affect the efficiency and

equity of vaccination efforts. During the COVID-19 pandem-
ic, nations with similar levels of economic development but
different health systems have achieved substantially different
vaccination rates. However, international differences may re-
flect factors other than health care delivery, such as the polit-
icization of COVID-19 vaccines in some countries. Hence,
comparing vaccine uptake and equity among health systems
within a nation may yield additional insights. For instance,
early studies suggested that the Veterans Health Administra-
tion (VA) may have had an advantage over the civilian sector
in the equity, and possibly speed, of COVID-19 vaccination in
early 2021.2,3 However, the extraordinary nature of the 2021
COVID-19 vaccination campaign may limit its relevance to
the routine provision of preventive care during a future en-
demic phase — a phase that may more closely resemble the
circumstances surrounding influenza prevention.
Prior to COVID-19, influenza was a major global cause of

death from acute respiratory tract infection.4 In the USA,
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12,000 to 61,000 deaths annually were attributed to influenza
in the decade prior to the emergence of COVID-19.5 Like
SARS-CoV-2, influenza imposes a disproportionate burden
on disadvantaged groups. Relative to Whites, Black individu-
als have an 81% higher risk of hospitalization from influenza
and a 15% higher risk of death,6 and people residing in poor
(vs. affluent) neighborhoods have 31% higher odds of influ-
enza hospitalization.7

Vaccination is a principal tool for controlling influenza, yet
vaccine uptake remains well below the Healthy People 2030
goal of 70%,8 and several studies have documented stark
disparities in influenza vaccination rates9–12 that persisted into
the COVID-19 era.10 Few recent studies, however, have ex-
amined the association of health system factors, including VA
coverage, with influenza vaccine uptake or equity.
The VA is an integrated, publicly owned, and publicly

financed health system that provides care for many but not
all US veterans. All VA patients are encouraged (but not
required) to see a primary care physician or mid-level practi-
tioner. Older research found that VA enrollees had higher
influenza vaccine uptake relative to those cared for else-
where,13,14 but that White VA enrollees had higher uptake
than Black VA users15 or both Black and Hispanic VA
users.16 Most recently, an analysis of 2010 data identified
elevated rates of H1N1 and seasonal influenza vaccinations
among veterans overall, but lacked data on VA coverage.17

We assessed contemporary influenza vaccine uptake and
disparities among veterans with VA coverage, veterans with-
out VA coverage, and adult non-veterans before and during
the COVID-19 pandemic.

METHODS

Data

We analyzed the 2019–2020 National Health Interview Sur-
vey (NHIS), described elsewhere.18 In brief, the NHIS is a
household interview survey of the non-institutionalized US
population conducted annually since 1957 by the Centers for
Disease Control and Prevention (CDC). In 2019, the NHIS
underwent a major redesign that precludes combined analysis
with previous years’ surveys. In 2020, the NHIS was mostly
conducted by telephone due to the COVID-19 pandemic, and
in the second half of the year, the survey underwent a change
in sampling design, with follow-up interviews of 2019 NHIS
respondents replacing roughly half the originally intended
random annual adult sample.18,19 Following NHIS instruc-
tions,18 we excluded repeat respondents from our 2020 sample
to permit analysis of combined 2019–2020 data, using NHIS’
weights specially designed for this purpose.

Exposure

Our primary exposures were (a) veteran status and (b) VA
coverage. We categorized veteran status based on the

question: “Did you ever serve on active duty in the U.S.
Armed Forces, military Reserves, or National Guard?” As
recommended by the NHIS,20 we considered an individual
to have VA coverage if they (a) mentioned VA health care in
the health insurance portion of the interview; (b) reported
receiving “any care at a Veteran’s Health Administration
facility or receive any other health care paid for by the VA”
in the past 12 months; or (c) stated they had “ever enrolled in
or used VA health care.”
Using these two variables we constructed a mutually exclu-

sive three-category “veteran/VA indicator” variable: (a) veter-
an with VA coverage; (b) veteran without VA coverage; and
(c) adult non-veteran. Of the total sample of n=53,150 adults,
we excluded n=1436 with “refused,” “not ascertained,” or
“don’t know” responses to the veteran question and n=19
adults who reported having VA coverage despite not being a
veteran.
We examined respondents’ race/ethnicity reduced to four

categories: Hispanic, Non-Hispanic White only, Non-
Hispanic Black/African American only, and “other” (a hetero-
geneous group which includes Non-Hispanic Asian only,
Non-Hispanic American Indian or Alaskan Native only,
Non-Hispanic American Indian or Alaskan Native and any
other group, and “other single and multiple races”).
Finally, we examined respondents’ family income using the

categories reported in the NHIS, which we reduced to three
categories: (1) “low income” (less than $50,000); (2) “middle
income” ($50,000–$99,999); and (3) “high income”
($100,000 or greater). This variable included NHIS’ single
imputation for those with missing data.

Outcome

Our study outcome was receipt of an influenza vaccine in the
past 12 months, based on the question: “There are two types of
flu vaccinations. One is a shot and the other is a spray, mist, or
drop in the nose. During the past 12 months, have you had a flu
vaccination?” We excluded n=141 individuals with “refused,”
“not ascertained,” or “don’t know” responses to this question.

Analysis

We first examined the unadjusted proportion with an influenza
vaccination in the past 12 months by veteran/VA coverage
status. We then evaluated the association between influenza
vaccination and veteran/VA coverage status using a multivar-
iable logistic regression model controlling for age category
(18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75+ years), sex
(male, female), race/ethnicity (as defined above), self-reported
health status (poor/fair vs. good or better), and family income
(categories as defined above). Veterans with VA coverage
were treated as the reference group. We excluded 0.3% obser-
vations (n=134 of 51,554) with missing data on one or more
covariate from this analysis.
We then examined racial/ethnic and income-related dispar-

ities in vaccine uptake with four logistic regressions. These
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models were designed to examine effect modification of race/
ethnicity (or income) by veteran/VA status, with and without
further adjustment for other covariates. Model 1 included only
three predictors of vaccination rate: race/ethnicity, veteran/VA
indicator, and an interaction term for veteran/VA indicator *
race/ethnicity. Model 2 was additionally adjusted for age
category, sex, and self-reported health status. Models 3 and 4
were identical to Models 1 and 2, except that family income
was substituted for race. We refer to Models 1 and 3 as
“unadjusted” and Models 2 and 4 as “adjusted.” (We did not
mutually-adjust for income and race/ethnicity in these analy-
ses because we consider income to be a likely mediator be-
tween systemic racism and the outcome).9

We used Stata’s margins commands to calculate predicted
probabilities from each model (note that estimates of unad-
justed probabilities using this approach are identical to simple
cross-tabulations). We then calculated the marginal effect on
influenza vaccination, within each of the three population
categories, of each non-White racial/ethnic group relative to
White non-Hispanic persons, and for each lower income group
vs. the highest income category. Finally, using estimates from
our adjusted effect modification models, we calculated the
differential effect of each non-White racial/ethnic group vs.
White race, or low andmiddle income vs. high income, among
non-veterans (or among veterans without VA coverage) rela-
tive to that difference in veterans with VA coverage. (Al-
though we show findings for our “other” category in the tables
for completeness, we do not report them in the text due to the
category’s heterogeneity).
We used Stata/SE 16’s svy commands that account for the

complex sampling design, and NHIS-provided weights which
permit national estimates. The authors’ Institutional Review
Boards do not consider analyses of de-identified, publicly
available data human subject research.

RESULTS

Our primary study population included n=2277 veterans with
VA coverage, n=2821 veterans without VA coverage, and
n=46,456 non-veteran adults. Table 1 provides their character-
istics. Veterans with and without VA coverage were older
(mean 59.9 and 61.3 years, respectively) than non-veterans
(46.7 years). Nearly 90% of veterans were male vs. 44.7% of
non-veterans. A higher proportion of veterans than non-
veterans were White; among veterans, those with VA cover-
age were more often Black or Hispanic (16.5% and 8.0%,
respectively) than those without VA coverage (9.3% and
4.9%, respectively). Relative to non-veterans, veterans who
did not use the VA had higher incomes, while those who used
the VA had lower incomes and lower educational attainment.
Finally, a higher proportion of veterans with VA coverage
reported fair/poor health (25.7%) compared to veterans with-
out VA coverage (14.4%) and non-veterans (13.8%).

Table 2 provides influenza vaccination rates, both unadjust-
ed and adjusted for age, sex, race/ethnicity, family income,
and self-reported health status. Veterans with VA coverage
had higher unadjusted vaccination rates (63.0%) than veterans
without VA coverage (59.1%) or non-veterans (46.5%). Ad-
justed findings were similar, showing lower vaccination rates
for both non-veterans (−11.4 percentage points; 95% CI
−14.3, −8.5; p<0.001) and veterans lacking VA coverage
(−6.7 percentage points; 95% CI −10.3, −3.0; p<0.001) rela-
tive to those with VA coverage.
Table 3 provides unadjusted and adjusted rates of vaccination

by race/ethnicity within each population group. Among non-
veterans, the unadjusted influenza vaccination rate was higher
amongWhite individuals (49.9%) than amongHispanic (37.3%)
and Black (38.3%) individuals (p<0.001 for each comparison);
adjusted differences were similar (e.g., a −9.0 percentage point
difference among Black vs. White individuals (95% CI −11.0,
−7.1)). Among veterans without VA coverage, the unadjusted
vaccination rate of White veterans (61.1%) was similar to that of
Hispanic veterans (58.6%), but higher than that of Black (48.5%)
veterans in unadjusted analyses (p=0.002); however, adjusted
differences did not reach statistical significance.
Among veterans with VA coverage, differences between

racial groups were small and non-significant in all analyses.
There was some evidence for effect modification of VA cov-
erage by race/ethnicity. Specifically, the difference in the
adjusted probability of vaccination for Hispanic vs. White
individuals among non-veterans was significantly greater than
that difference among veterans with VA coverage (−18.4
percentage points; 95% CI −29.9, −7.0).
Table 4 provides unadjusted and adjusted vaccination rates

by family income. Among non-veterans, poorer persons were
less likely to report being vaccinated. For instance, those with
low incomes had a 13.8 percentage point lower adjusted
probability of vaccination (95% CI −15.2, −12.3) than those
with high incomes. Among veterans lacking VA coverage,
income differences appeared small and non-significant in un-
adjusted analyses. However, after adjustment, low- and
middle-income veterans without VA coverage had significant-
ly lower probabilities of vaccination relative to high-income
veterans without VA coverage. Among veterans with VA
coverage, there was no apparent income gradient in unadjust-
ed analyses, but adjusted analyses showed a significant differ-
ence in the adjusted probability of vaccination (−7.1, 95% CI
−13.3, −0.8) for low- vs. high-income veterans. Differences
between middle- vs. high-income veterans were non-
significant.
There was evidence of effect modification of VA coverage by

family income: income-related differences in the probability of
vaccination among non-veterans, and among veteranswithout VA
coverage, were larger than the differences among veterans with
VA coverage. For example, the difference in the adjusted proba-
bility of vaccination inmiddle- vs. high-income individuals among
non-veterans relative to that difference among veterans with VA
coverage was −8.5 percentage points (95% CI −15.6, −1.4;
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p=0.020). The corresponding difference in the adjusted probability
of vaccination between middle- vs. high-income veterans without
VA coverage relative to that difference among veterans with VA
coverage was numerically similar but not statistically significance
(−8.0 percentage points; 95% CI −16.7, 0.9; p=0.08).

DISCUSSION

Veterans with VA coverage, despite their relatively lower
socio-economic status, are more likely to be vaccinated
against influenza compared to both non-veterans and veterans
without VA coverage. Moreover, income and racial/ethnic
disparities in influenza vaccination are narrower among indi-
viduals enrolled in VA care than in other adults. These find-
ings suggest that VA health care may have an advantage in the
equitable provision of vaccination.
Our findings are consistent with previous, albeit dated stud-

ies of veterans over 65. Two decades ago, elderly VA enrollees

had higher rates of influenza vaccination than the general
elderly population16 or veterans reliant on Medicare Health
Maintenance Organization (HMO) coverage.14 Another study
identified a rise in the influenza vaccination rate in the VA
population between 1997 and 2003, when it exceeded the rate
in the general population, although the datasets used to compare
the two populations were not directly comparable.13 The most
recent study of this issue17 lacked data on VA enrollment and
used 2010 data, a period prior to the implementation of the
Affordable Care Act, which expanded Medicaid (especially to
lower income men) and required that insurers cover preventive
services such as influenza vaccination without cost-sharing.
Nevertheless, our analysis suggests that the VA has retained
an advantage in influenza vaccination.
We also found some evidence for better income and racial

equity of vaccine uptake among persons with VA coverage. In
particular, VA coverage was associated with differentially
higher vaccination rates among Hispanic and lower income
individuals. This comports with evidence of greater equity in

Table 2 Influenza Vaccination Rates Among Veterans with VA Coverage, Veterans Without VA Coverage, and Adult Non-Veterans,
Unadjusted and Adjusted for Differences in Age, Sex, Race/Ethnicity, Income, and Health Status

Unadjusted (n=51,554) Adjusted (n= 51,420)*

% Vaccinated Pct. point difference
(95% CI)

p-value % Vaccinated Pct. point difference
(95% CI)

p-value

Non-Veterans 46.5 −16.5 (−19.1, −13.8) <0.001 47.0 −11.4 (−14.3, −8.5) <0.001
Veterans without VA coverage 59.1 −3.9 (−7.2, −0.5) 0.02 51.8 −6.7 (−10.3, −3.0) <0.001
Veterans with VA coverage 63.0 Reference 58.4 Reference

*Adjusted for age category (18–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75+ years), sex (male, female), race/ethnicity (Hispanic, Non-Hispanic White,
Non-Hispanic Black, Other), self-reported health status (poor/fair vs. good or better), and family income (less than $50,000, $50,000 - $99,999, or
$100,000 or greater)

Table 1 Characteristics of Veterans with VA Coverage, Veterans Without VA Coverage, and Adult Non-Veterans (n=51,554)

Non-Veterans
(n=46,456)

Veterans without VA
coverage (n=2821)

Veterans with VA
coverage (n=2277)

Age (mean ± SE) 46.7 ± 0.15 61.3 ± 0.44 59.9 ± 0.60
Sex (%)
Male (n=23,729) 44.7 89.7 88.6
Female (n=27,821) 55.3 10.3 11.4

Race/ethnicity (%)
Hispanic (n=6567) 17.4 4.9 8.0
White (n=35,582) 62.3 81.5 70.6
Black (n=5430) 11.5 9.3 16.5
Other (n=3975) 8.8 4.3 4.9

Family income
$0 to $49,999 (n=20,975) 37.1 27.5 41.3
$50,000 to $99,999 (n=15,922) 31.6 37.6 35.7
≥$100,000 (n=14,657) 31.2 35.0 23.0

Education
<High school (n=4457) 12.6 4.2 5.8
High school/GED (n=12,886) 27.3 28.1 27.8
Some college (n=15,021) 30.2 37.7 43.1
Bachelors (n=11,551) 18.9 18.5 13.3
>Bachelor (n=7392) 11.0 11.5 9.9

Health status
Good/excellent health (n=43,745) 86.2 85.6 74.3
Fair/poor health (n=7,784) 13.8 14.4 25.7

Number with missing: age (n=107); sex (n=4); education (n=247); health status (n=25)
GED General Educational Development degree
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VA care in other domains, e.g., cost-related medication non-
adherence21 and COVID-19 vaccination.3,22 Additionally, the
Black-White disparities in all-cause mortality observed in the
general population are not apparent among VA enrollees.23

While disparities in some disease outcomes have been de-
scribed among VA users,24 most studies suggest that the
integrated, single-tier, low-cost access provided by the VA
has improved equity.
The reasons for the apparent VA advantage in influenza

vaccination are uncertain. Veterans, regardless of VA coverage
status, had higher rates of influenza vaccine uptake relative to
non-veterans, suggesting that non-health system factors such as
more frequent visits due to greater health needs are at work. The
experience of military service, where vaccination is an expected
and indeed mandatory requirement of duty, could also be a
factor. However, the higher rate of vaccination among veterans
with VA coverage relative to veterans without VA coverage —
even with adjustment for demographic factors, socio-economic
status, and health status — suggests that features of the VA
health care delivery system are advantageous.
In the mid-1990s, the VA underwent a major reorganiza-

tion25 including a major expansion of primary care enrollment,

staffing, and resources.26 Increasing influenza vaccination
uptake was one of many new quality goals, and efforts to
achieve it involved increased nursing staff support and clinical
reminders for providers.13 These factors, zero or low cost-
sharing for visits, and perhaps other delivery factors may
facilitate the use of preventive care inclusive of vaccination
and help explain our results.
Transnational comparisons could yield additional insights

on the impact of integrated universal systems on vaccine
uptake. However, relatively few nations have publicly owned
and operated national health systems akin to the VA, and
cross-national differences in influenza vaccination recommen-
dations, and other non-health system factors, hamper compar-
isons. Still, one nation with a national health service (NHS),
the UK, achieved higher influenza vaccination relative to the
USA among those 65 and older (the population targeted for
influenza vaccination in the UK) every year from 2000 to
2019, although differences were modest in some years.27

Our study has limitations. First, we do not know where
influenza vaccination was administered — i.e. at a VA facility
or elsewhere. VA coverage status and receipt of an influenza
vaccination are self-reported, although the use of health surveys

Table 4 Income-Based Differences in the Probability of Influenza Vaccination Among Veterans with VA Coverage, Veterans without VA
Coverage, and Adult Non-Veterans

Veteran/
VA
Status

Family
income

Unadjusted*
(n= 51,554)

Adjusted**
(n=51,420)

% p-value % Effect of
income by
veteran/VA
status (pp)

95 confidence
interval

p-
value

Effect of income in
general population
(or among veterans
without VA) vs.
effect of income
among those with
VA coverage (pp)

95
confidence
interval

p-
value

Non-
Veterans

Low
income

43.3 <0.001 41.1 −13.8 −15.2 −12.3 <0.001 −6.7 −13.2 −0.1 0.046

Middle
income

45.0 <0.001 46.1 −8.7 −10.2 −7.2 <0.001 −8.5 −15.6 −1.4 0.020

High
income

51.8 Reference 54.8 Reference Reference

Veterans
w/o VA

Low
income

58.1 0.36 47.3 −11.5 −17.3 −5.7 <0.001 −4.4 −12.9 4.0 0.30

Middle
income

58.3 0.39 50.8 −8.1 −13.5 −2.7 0.003 −8.0 −16.7 0.9 0.08

High
income

60.8 Reference 58.9 Reference Reference

Veterans
w/ VA

Low
income

63.6 0.34 53.2 −7.1 −13.3 −0.8 0.026 Reference

Middle
income

63.9 0.33 60.1 −0.2 −7.1 6.7 0.95 Reference

High
income

60.3 Reference 60.3 Reference Reference

pp percentage point
*Probabilities are obtained from a logistic regression model adjusted for income * veteran/VA indicator interaction term (and main effects); these
estimates are identical to frequencies obtained from simple cross-tabulations. The p-value represents the significance of the marginal effect of low (or
middle) income versus high income within each population group on the probability of influenza vaccination. Probabilities are multiplied by 100 to
produce percentage point estimates
**All adjusted estimates are derived from a multivariable logistic regression model adjusted for age category (18–24, 25–34, 35–44, 45–54, 55–64, 65–
74, 75+ years), sex (male, female), self-reported health status (poor/fair vs. good or better), income, three-category veteran/VA indicator, and an
income * veteran/VA indicator interaction term. Effect of income by veteran/VA status represents income effects within each population group. For
instance, among non-Veterans, the adjusted probability of vaccination among low-income individuals is 41.1% and among high-income individuals is
54.8%; the effect of low income versus high income for this group =41.1% − 54.8% = −13.8 pp, as shown. The effect of income among non-veterans
(or among veterans without VA) vs. the effect of income among those with VA coverage represents the difference in difference in probabilities by income
and veteran/VA status. For instance, the difference in vaccine probability between low-income and high-income individuals is −13.8 among non-
veterans and −7.1 among veterans with VA coverage. Hence, the difference between these differences = (−13.8%) − (−7.1%) = −6.7pp, as shown
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to assess coverage and vaccination rates is standard, and our
survey estimate of the number of VA covered individuals (8.5
million) aligns with administrative data from the VA (~9 mil-
lion). Finally, as with any observational study, causality cannot
be established. For instance, although we controlled for multi-
ple sociodemographic factors, greater health care contact due to
greater medical needs among VA covered individuals could
have contributed to our findings of higher vaccination rates in
this group. On the other hand, more health care use could stem
from better health care access and could be one mechanism by
which VA coverage leads to better vaccination, i.e., it may lie
on the causal pathway between our exposure and outcome.
Our findings have implications for the administration of

other vaccines in the future, including (as seems likely) for
periodic COVID-19 revaccinations.1 The USA has lagged
many peer nations in both primary COVID-19 vaccination
rates and, to a greater extent, booster administration.28 As of
mid-February, despite the ongoing devastation of the Omicron
wave, only half of eligible individuals had received a boost-
er,29 and disparities in uptake were stark.30 Efforts to minimize
health system barriers to care, as the VA has made, could
prove critical to controlling both COVID-19 and future en-
demic and pandemic disease threats.
With declining use of non-pharmaceutical interventions for

COVID-19, two developments seem likely in coming months
and years. Influenza will experience a resurgence after two
years of relative dormancy, and COVID-19 will transition to
an endemic respiratory pathogen. Each development could
worsen population health and health disparities, yet each can
also be ameliorated by equitable, widespread vaccination.
Integrated, universal health systems that hold an advantage
in the delivery of this bedrock preventive care should be
considered potential health care reformmodels in dealing with
the health risks imposed by such pathogens.
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