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Introduction: The importance of receiving an annual influenza vaccine among patients with atherosclerotic car- 

diovascular disease (ASCVD) is well established. With the rapid community spread and the possibility of another 

wave of COVID-19 infections in the fall, receiving an influenza vaccine is of particular importance to mitigate 

the risk associated with overlapping influenza and COVID-19 infections. 

Methods: We utilized cross-sectional data from the 2016 to 2019 Behavioral Risk Factor Surveillance System 

(BRFSS), a nationally representative U.S. telephone-based survey of adults 18 years or older. Race/ethnicity was 

our exposure of interest. We assessed the relative difference in influenza vaccination by race/ethnicity for each 

U.S. state in the overall U.S. population and among those with ASCVD as prevalence of receipt of influenza 

vaccination among Blacks or Hispanics minus prevalence among Whites divided by prevalence among Whites. 

We used multivariable-adjusted logistic regression models to evaluate the association between socioeconomic 

risk factors and receipt of influenza vaccination. 

Results: The study population consisted of 1,747,397 participants of whom 21% were older than 65 years, 51% 

women, 63% White, 12% Black, 17% Hispanic, and 9% with history of ASCVD. The receipt of influenza vac- 

cine was 38% in the overall population and 51% among those with self-reported ASCVD, which translates to 

approximately to 97 million and 12 million US adults, respectively. The receipt of influenza vaccine among in- 

dividuals with ASCVD was 54% for Whites, 45% for Blacks, and 42% for Hispanics ( p < 0.001). In the overall 

U.S. population, the median (interquartile range) relative difference for influenza vaccination between Blacks 

and Whites was 17% (-27%, -9%) and –22% (-29%, -9%) between Hispanics and Whites across all U.S. states. 

Among individuals with and without ASCVD, age older than 65 years, greater than college education, higher in- 

come, and having a primary care physician were significantly associated with higher odds of receipt of influenza 

vaccination, while being employed, lack of healthcare coverage, Black race, and delay in healthcare access were 

significantly inversely associated with having received an influenza vaccine 

Conclusions: Only 50% patients with ASCVD receive influenza vaccines. The receipt of influenza vaccination 

among individuals with ASCVD is lower among Blacks and Hispanics compared to Whites with significant state- 

level variation. There are important socioeconomic determinants that are associated with receipt of the influenza 

vaccine. 
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Fig. 1. Temporal trends in the prevalence of receipt of influenza vaccine in the 

overall U.S. population and by each race/ethnic group. 
. Introduction 

The COVID-19 pandemic has presented numerous challenges to the

ealthcare system including a high rate of transmission, a high rate of

ospitalizations, cardiorespiratory complications often requiring inten-

ive care unit admissions with prolonged length of stay, and until re-

ently, the lack of an effective treatment and vaccine [1–3] . 

At the time of the writing of this paper, we are currently in the mid-

le of this year’s influenza season, which may be especially challenging

iven the community spread with COVID-19. This has public health of-

cials especially concerned about two respiratory pathogens circulating

his influenza season i.e. influenza and SARS-CoV-2 which may result

n increased hospitalizations that could overwhelm the healthcare in-

rastructure. While clinicians and public health officials stress the im-

ortance of receiving annual influenza vaccinations, vaccination rates

emain low in the general population and may differ by race/ethnicity

 4 , 5 ]. These disparities can also be geographic in nature as vaccine hes-

tancy has been shown to cluster by geography as well [5] . Receiving an

nfluenza vaccine is particularly critical among patients with cardiovas-

ular risk factors and those with atherosclerotic cardiovascular disease

ASCVD) [6] . 

It is important to evaluate influenza vaccination rates among pa-

ients with ASCVD. This information is helpful in the context of COVID-

9 where patients with ASCVD are not only more likely to contract this

irus but also more likely to be hospitalized and die as a result of it [7] .

t is also important to assess socioeconomic determinants of influenza

accination by race/ethnicity as Blacks and Hispanics have been dis-

roportionately affected by COVID-19 [8] . Lastly, regional variations in

nfluenza vaccination may have ramifications for COVID-19 as well with

espect to vaccine distribution. 

We therefore evaluate the proportion of the overall U.S. population

eceiving influenza vaccines, and specifically those with ASCVD. Fur-

hermore, we study the interrelationship between socioeconomic deter-

inants and racial disparities in the receipt of influenza vaccine and

ssess the geographic variations in such disparities. 

. Methods 

The Behavioral Risk Factor Surveillance System (BRFSS) survey is

stablished by the Centers for Disease Control and Prevention. BRFSS

s a nationwide telephone-based questionnaire survey administered to

 random sample that is representative of the U.S. adult residents

8 years and over. The BRFSS is a cross-sectional survey that aims to

valuate chronic health conditions, health-related risk behaviors, and

he use of preventive services among U.S adults. The survey is conducted

n all 50 U.S. states, the District of Columbia, and the 3 U.S. territories,

hich makes BRFSS the largest telephone-based survey in the world.

e utilized cross-sectional data from the 2016, 2017, 2018, and 2019

RFSS surveys. The study was exempt from Institutional Review Board

pproval since it utilized de-identified data from a publicly available

ataset. 

All variables were self-reported. Participants were considered to

ave received the influenza vaccine if they answered “Yes ” to the ques-

ion “During the past 12 months, have you had either a flu shot or a flu

accine that was sprayed in your nose? ” ASCVD was identified if partici-

ants reported a prior history of coronary heart disease or stroke, based

n their response to the following questions: "Has a doctor, nurse, or

ther health professional ever told you that you had 1) coronary heart

isease or myocardial infarction; or 2) a stroke? Self-reported variables

n BRFSS have been shown to be valid when compared to other national

urvey data [ 9 , 10 ]. 

.1. Statistical analysis 

Prevalence of receipt of influenza vaccine was analyzed using survey

eights as the BRFSS utilized design weighting and iterative propor-
ional fitting in order to ensure representativeness of the data to the US

opulation [11] . The results were summarized for the overall study pop-

lation and among those with history of ASCVD, by race/ethnicity, and

.S. state. We examined temporal trends in receipt of influenza vaccine

rom 2016 to 2019 in the overall population and for each race/ethnic

roup. We also used multivariable logistic regression models to study

he association between ASCVD, race/ethnicity and receipt of influenza

accine adjusting for age, sex, education, employment status, income,

resence of a primary care physician (PCP), delay in healthcare access,

ealthcare coverage, hypertension, diabetes mellitus, hyperlipidemia,

nd cigarette smoking status. We calculated the relative difference in

eceipt of influenza vaccine by race/ethnicity in each U.S. state as preva-

ence of receipt of influenza vaccine among Blacks or Hispanics minus

he prevalence in Whites and divided by the prevalence in Whites. We

hen graphically depicted these relative differences across U.S. states

sing heat maps that were generated by Excel . 

In sensitivity analyses, we 1) evaluated the association of socioe-

onomic determinants and receipt of influenza vaccination in each

ace/ethnic group; and 2) evaluated the interaction between these de-

erminants and race/ethnicity. 

Analyses were conducted using Stata version 16.1 (StataCorp, Col-

ege Station, Texas) and a two-sided p-value < 0.05 was considered sta-

istically significant. 

. Results 

.1. Baseline characteristics 

The study population consisted of 1,747,397 participants of whom

1% were older than 65 years, 51% women, 63% White, 12% Black,

7% Hispanic, and 9% with history of ASCVD. At the time of this survey,

he U.S. population aged 18 years or older was estimated at 255,200,373

ased on U.S. census bureau estimates of the U.S. population. In the

verall population, 38% reported receiving influenza vaccination and

1% among those with self-reported ASCVD, which translates to ap-

roximately to 97 million and 12 million US adults, respectively. 

Whites were older, had higher income, a PCP and healthcare cover-

ge, more likely to be educated, but less likely to have delay in health-

are access and be unemployed ( Table 1 ). The proportion of individ-

als who reported receiving an influenza vaccine in 2016 was 41%

mong Whites, 33% among Blacks, and 30% among Hispanics. These

rends were similar for the years 2017, 2018, and 2019; all p < 0.001

 Fig. 1 ). 
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Table 1 

Baseline characteristics of the study population by race/ethnicity. 

Race/Ethnicity 

White 

( N = 1309,737; 63%) 

Black 

( N = 138,279; 12%) 

Hispanic 

( N = 145,071; 17%) 

Other 

( N = 120,271; 8%) 

Age (years) 

18–34 174,457 (25%) 26,051 (32%) 45,691 (41%) 31,903 (39%) 

35–44 132,796 (14%) 18,885 (18%) 28,800 (21%) 18,970 (20%) 

45–54 192,474 (16%) 23,689 (18%) 25,442 (16%) 20,179 (15%) 

55–64 288,145 (18%) 30,746 (16%) 21,501 (12%) 21,744 (13%) 

≥ 65 521,865 (26%) 38,908 (16%) 23,637 (10%) 27,475 (13%) 

Women 727,232 (51%) 84,795 (54%) 79,577 (50%) 61,384 (50%) 

Education 

Less than high school 63,933 (8%) 15,303 (14%) 38,131 (35%) 9526 (8%) 

High school – Some college 721,890 (61%) 83,681 (66%) 73,979 (51%) 64,417 (50%) 

College graduate 520,967 (31%) 38,807 (21%) 32,203 (14%) 45,819 (42%) 

Employment 

Employed 638,163 (57%) 65,260 (56%) 80,736 (60%) 63,715 (59%) 

Unemployed 191,496 (16%) 31,427 (22%) 31,427 (26%) 24,201 (17%) 

Student 26,611 (5%) 4695 (6%) 6456 (6%) 7413 (13%) 

Retired 443,597 (23%) 34,768 (15%) 18,545 (8%) 23,196 (11%) 

Income ≥ $75,000 402,181 (41%) 22,041 (22%) 19,397 (17%) 28,687 (40%) 

Presence of any healthcare coverage 1230,945 (92%) 122,511 (86%) 109,708 (71%) 108,092 (90%) 

Presence of a primary care physician 1125,469 (82%) 114,534 (77%) 98,029 (62%) 91,256 (75%) 

Delay in healthcare coverage 126,175 (12%) 22,719 (18%) 29,565 (21%) 17,983 (14%) 

Influenza vaccine in past 12 months 585,644 (42%) 47,301 (33%) 43,888 (31%) 43,936 (39%) 

Current cigarette smoking 178,800 (17%) 22,044 (18%) 17,281 (13%) 21,765 (14%) 

Hypertension 261,599 (34%) 34,601 (41%) 21,953 (25%) 21,197 (25%) 

Hypercholesterolemia 234,070 (34%) 22,474 (29%) 19,641 (27%) 17,300 (27%) 

Diabetes mellitus 167,907 (11%) 28,138 (15%) 20,068 (12%) 17,997 (10%) 

Atherosclerotic Cardiovascular Disease 158,831 (10%) 16,542 (9%) 10,636 (6%) 13,046 (6%) 

All p-values are < 0.001. 

Table 2 

Odds ratios (95% confidence interval) for the association of demographic fac- 

tors with receipt of influence vaccine by atherosclerotic cardiovascular disease 

status. 

Demographic Factors Odds Ratio (95% Confidence Interval) 

Prior ASCVD 

Yes No 

Age ≥ 65 years 1.75 (1.61,1.90) 1.80 (1.74,1.87) 

Female gender 1.01 (0.94,1.08) 1.26 (1.23,1.30) 

Blacks (versus Whites) 0.83 (0.74,0.93) 0.79 (0.76,0.82) 

Hispanics (versus Whites) 0.99 (0.86,1.15) 1.00 (0.96,1.05) 

Greater than college education 1.43 (1.26,1.62) 1.46 (1.37,1.55) 

Being employed 0.69 (0.62,0.76) 0.94 (0.90,0.98) 

Income ≥ $75,000 1.33 (1.11,1.58) 1.30 (1.21,1.40) 

Lack of healthcare coverage 0.62 (0.52,0.73) 0.61 (0.57,0.64) 

Presence of primary care physician 2.11 (1.83,2.43) 1.95 (1.88,2.02) 

Delay in healthcare access 0.80 (0.72,0.88) 0.79 (0.76,0.83) 

Results are adjusted for all above demographic factors in addition to hyperten- 

sion, diabetes mellitus, hyperlipidemia, and cigarette smoking status. 
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.2. Influenza vaccination and ASCVD 

Individuals with ASCVD were 10% more likely to report receiving an

nfluenza vaccine compared to those without ASCVD (odds ratio [95%

onfidence interval]): 1.10 (1.06,1.15). Among those with ASCVD, the

emographic factors that were independently and directly associated

ith receiving an influenza vaccine were older age, greater than col-

ege education, higher income, and having a PCP. In contrast, being

mployed, lack of healthcare coverage, Black race, and delay in health-

are access were inversely associated with having received an influenza

accine. These results were similar among patients without prior ASCVD

 Table 2 ). 

Among those with ASCVD, influenza vaccination rates were nearly

wice among those less than 45 years compared to those 45 years or

reater (52% vs. 29%; p < 0.001). In multivariable adjusted models, in-
ividuals < 45 years were 29% less likely to receive an influenza vacci-

ation compared to those ≥ 45 years: 0.67 (0.57,0.79). 

.3. Influenza vaccine and race/ethnicity among individuals with 

SCVD 

The unadjusted prevalence of receipt of influenza vaccine among

ndividuals with ASCVD was 54% for Whites, 45% for Blacks, and 42%

or Hispanics ( p < 0.001), which translates to approximately to 8 million,

 million, and 1.6 million U.S. adults, respectively. In multivariable-

djusted models, Blacks were less likely to have received an influenza

accine compared to Whites: 0.79 (0.76,0.83) while results for Hispanics

ere not significant: 1.00 (0.96,1.04). 

.4. Regional variations in the receipt of influenza vaccine and 

ace/ethnicity among individuals with ASCVD 

In general, across all U.S. states Blacks and Hispanics reported receipt

f influenza vaccine less frequently compared to Whites with significant

egional variation ( Fig. 2 ). For example, the prevalence of receipt of in-

uenza vaccine among Blacks was lower than Whites in 46 states with a

edian (IQR) relative difference of − 17% ( − 27%, − 9%) indicating that

0% of the states had at least a 17% relative difference in the receipt of

nfluenza vaccine between White and Black patients with ASCVD (Panel

). The states with the most disparity (i.e. in the bottom 25th percentile

f overall relative difference between Blacks and Whites with an overall

elative difference of > 27%) included Alaska, California, Florida, In-

iana, Kansas, Maine, Michigan, New Mexico, North Dakota, Oregon,

outh Dakota, Texas, and Vermont. The prevalence for the receipt of

nfluenza vaccine among Hispanics was lower than Whites in 43 states

ith a median (IQR) relative difference of − 22% ( − 29%, − 9%) between

ispanics and Whites (Panel B). The states with the most disparity (rel-

tive difference of > 29%) included Georgia, Indiana, Iowa, Michigan,

ew Hampshire, North Dakota, Ohio, Oklahoma, Oregon, Pennsylva-

ia, South Carolina, South Dakota, and Vermont. ( Fig. 3 ). 
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Fig. 2. Heat map demonstrating the relative difference in prevalence of receipt of an influenza vaccine among Blacks and Hispanics compared to Whites for the 

overall U.S. population. The relative difference of influenza vaccine was calculated as prevalence of influenza vaccine among Blacks (panel A) or Hispanics (panel 

B) minus the prevalence in Whites and then divided by the prevalence in Whites. 
∗ For example, in Illinois Blacks were 20% less likely to receive an influenza vaccine compared to Whites whereas Hispanics were 19% less likely. 
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Fig. 3. Heat map demonstrating the relative difference in prevalence of receipt of an influenza vaccine among Blacks and Hispanics compared to Whites for individuals 

with prior self-reported atherosclerotic cardiovascular disease. The relative difference of influenza vaccine was calculated as prevalence of influenza among Blacks 

(panel A) or Hispanics (panel B) minus the prevalence in Whites and then divided by the prevalence in Whites. 
∗ For example, in Texas Blacks were 33% less likely to receive an influenza vaccine compared to Whites whereas Hispanics were 18% less likely. 
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.5. Sensitivity analyses 

In sensitivity analyses we found that the direction of the association

etween socioeconomic determinants and receipt of influenza vaccina-

ion was similar for each race/ethnic group ( Supplementary Table 1 ).

here was a significant interaction between all socioeconomic determi-

ants (except for gender) and race/ethnicity which could suggest that

he association between socioeconomic risk factors and receipt of in-

uenza vaccination is different in non-White race/ethnic groups com-

ared to Whites. In stratified results, the adjusted prevalence of receipt

f influenza vaccination remained higher among Whites compared to

lacks and Hispanics in all subgroups except among those with delay in

ealthcare access where prevalence of influenza vaccination was lower

mong Whites compared to Hispanics and Blacks ( Supplementary

able 2) . 

. Discussion 

In a nationally representative U.S. sample, only half of patients with

SCVD reported receiving an influenza vaccine. We found that the re-

eipt of influenza vaccine among individuals with ASCVD was lower

mong Blacks and Hispanics compared to Whites with significant re-

ional variation in this disparity. There are important socioeconomic

eterminants that are associated with receipt of the influenza vaccine,

hich may be more significant among Blacks and Hispanics. 

The importance of influenza vaccination is well established both for

he general population, and especially among patients with prior ASCVD

ho may benefit from it for secondary prevention [6] . There are known

acial disparities in both diagnosis and treatment of ASCVD [12–14] . We

lso found that there may be similar disparities in receiving a flu vaccine

hereby Blacks and Hispanics with ASCVD were less likely to receive a

u vaccine compared to Whites. These results have special importance

n the setting of COVID-19 which has disproportionately affected racial

inority groups. 

We found that socioeconomic determinants such as high income and

ollege educations were associated with higher likelihood of receipt of

he influenza vaccine, while absence of healthcare coverage and delay

n access to healthcare were inversely associated with influenza vaccina-

ion. Whites in our study had higher income, a PCP and healthcare cov-

rage, more likely to be educated, but less likely to have delay in health-

are access and be unemployed compared to Blacks and Hispanics. After

djustment for these important socioeconomic factors, Blacks were 21%

ess likely to report receipt of influenza vaccination compared to Whites

hile results for Hispanics were no longer significant. Importantly, there

as a significant interaction between each of these socioeconomic de-

erminants and race/ethnicity except gender. In stratified analyses the

djusted prevalence of receipt of influenza vaccination remained higher

mong Whites compared to Blacks and Hispanics suggesting that racial

isparities may be even more prominent in vulnerable subgroups of low

ocioeconomic status. 

We also found that racial disparities vary significantly across all U.S.

tates. As noted, evaluating these disparities at the national scale with-

ut paying attention to individual states may dilute significant dispari-

ies that may exist at the state level. Although strategies at the national

cale to mitigate these disparities might work, the intensity of those ef-

orts needs to tailored based on the relative differences at the state level

s noted in our analyses. Our heat maps provide a quick overview that

an be used by decision makers to understand the relative disparities

hat persist in various US states and therefore, the number of resources

eeded by each state to address these disparities. 

Interestingly we also found that influenza vaccination rates were

early twice higher among older compared to younger adults ( < 45

ears). These results are important given that ASCVD is prevalent in

oung adults and that secondary prevention measures such as influenza

accination are effective regardless of age. With reopening of the econ-

my after widespread lockdowns to contain COVID-19, the majority of
ew COVID diagnoses and hospitalizations are now observed in adults

 50 years. This population may be more likely to engage in behaviors

uch as attending large indoor gatherings and not wearing masks, which

ncreases risk of contracting COVID-19. 

With nearing of the influenza season, it is now more important than

ver to receive an influenza vaccine given that it may overlap with a

econd wave of COVID-19. Indeed, we found that nearly half of patients

ith ASCVD did not receive an influenza vaccine which presents an op-

ortunity for improvement. Such factors may be patient-related (lack of

ducation, misinformation such as anti-vaccine movement, use of home-

pathic or alternative medicines) vs. healthcare system-related factors

barriers in obtaining influenza vaccination, poor access to health care

s a result of lack of employment). The prevalence of receipt of influenza

accine and relative differences by race/ethnicity were relatively stable

rom 2016 to 2019 in our study despite widespread efforts to promote

his practice. More quality improvement initiatives and tracking meth-

ds are urgently needed to improve adherence to the recommendation

hat all patients with ASCVD should receive an influenza vaccination.

argeted efforts to increase awareness and compliance with influenza

accination such as education or incentivization may increase vaccina-

ion rates among patients with ASCVD. 

With both Influenza and SARS-Cov-2 circulating in the community,

here will likely be a higher number of hospitalizations and mortality

hat has the potential to strain and, possibly, overwhelm the healthcare

ystem and healthcare workers. Obtaining an influenza vaccine may at

east partially offset the risk related to influenza virus and decrease hos-

italizations [15] . This is especially important since widespread vacci-

ation for COVID-19 2,3 is not expected until at least the second quarter

f 2021. All healthcare professionals should discuss and emphasize with

ll their patients, especially those with ASCVD, the necessity of being

accinated for the influenza virus for decreasing risk of illness among

hemselves and others. With clinic visits now virtual, the telehealth plat-

orm can be utilized to promote, educate, and remind patients about

he importance of being vaccinated. These efforts should be paralleled

y public health officials at every level of government and community

artners to ensure widespread adherence and specific targeting of ethnic

inorities using culturally tailored messaging. The existing disparities

n receiving an influenza vaccine should be systematically addressed so

hat they can be mitigated to ensure equitable care to all U.S. individu-

ls, particularly minority ethnic groups, who are disproportionately af-

ected with COVID-19. Our state level analyses also provide actionable

nformation as to which states need to address these racial/ethnic dis-

arities in receiving an influenza vaccine, which may be also applicable

or COVID-19 vaccine once it becomes available. Ensuring that all parts

f the U.S. receive COVID-19 vaccine can help achieve herd immunity

o prevent future outbreaks. 

Our results should be interpreted in the context of important limita-

ions. All our variables are self-reported and may be prone to measure-

ent error. We could not thoroughly evaluate reasons including beliefs,

alues, and risk perceptions, as to why someone would or would not

eceive an influenza vaccine. Our definition of ASCVD did not include

atients with peripheral arterial disease or transient ischemic attack,

nd therefore we may have underestimated the true burden of ASCVD.

astly, we could not evaluate reasons why specific states demonstrated

he largest disparities in influenza vaccination rates. 

In conclusion, only 50% patients with ASCVD receive influenza vac-

ine. The receipt of influenza vaccination among individuals with AS-

VD is lower among Blacks and Hispanics compared to Whites with

ignificant variation in this disparity across various U.S states and so-

ioeconomic factors. Efforts are needed to mitigate these disparities and

egional differences in disparities to avoid a possible future health crisis

hat disproportionately affects racial minorities. 
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