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Background: Influenza vaccination uptake among United States adults aged 65 years or older remains suboptimal and stagnant. This study aims to evaluate the prevalence of influenza vaccination and examine sociodemographic disparities within a nationally representative sample.

Methods: This study is a cross-sectional study. We used the data from the Behavioral Risk Factor Surveillance System spanning the years 2011 to 2022. Logistic regression models were used to assess potential associations between influenza vaccination uptake and sociodemographic characteristics. Concentration indexes were also calculated to measure the socioeconomic inequalities on influenza vaccination uptake.

Results: The study included 1,391,440 adults aged 65 years and older, with 62.87% reporting having received an influenza vaccination. The weighted prevalence of influenza vaccination uptake showed a slight increase, ranging from 59.05% in 2011–2013 to 67.49% in 2020–2022. Higher vaccination rates were observed among non-Hispanic Whites [63.16%; odds ratio (OR) 1.38, (95% CI 1.33–1.42)], individuals with education above high school [63.89%; OR 1.16, (95% CI 1.12–1.19)], and those with an income above $50,000 [65.86%; OR 1.47, (95% CI 1.43–1.50)]. Compared to non-Hispanic Black people with an income below $25,000 and education less than high school, the ORs were significantly higher among non-Hispanic whites [2.12, (95% CI 1.97–2.28)], non-Hispanic Black people [1.30, (95% CI 1.18–1.44)], and Hispanics [1.40, (95% CI 1.24–1.59)] earning above $50,000 and education above high school. Those who received an influenza vaccination tended to be concentrated in the high-income group and high-education group.

Conclusion: There are substantial racial and socioeconomic disparities in influenza vaccination uptake among individuals aged 65 years or older. Health policy maybe urgently needed to reduce these avoidable inequalities.
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1 Introduction

Influenza viruses circulate annually within the United States, and annual administration of the influenza vaccination is recommended for adults aged 65 years or older, who are at high risk of serious illness, hospitalization, and death due to influenza. This age group accounts for most influenza-related deaths and hospital admissions (1, 2). Moreover, data from the Hospitalized Adult Influenza Vaccine Effectiveness Network indicates a decline in vaccine effectiveness of approximately 10–11% per month specifically in individuals aged 65 years or older (3). Understanding influenza vaccination uptake in these vulnerable populations may inform future public health strategies.

Previous studies suggested that influenza vaccination uptake and influenza hospitalization rates differed by race/ethnicity (4). And individuals with higher socioeconomic status were more likely to receive an influenza vaccination (5). However, the evidence regarding sociodemographic disparities in influenza vaccination uptake, and the potential joint associations between socioeconomic inequalities and race/ethnicity in influencing these rates across the United States, is still not sufficiently comprehensive. The insights gained from these findings could help identify influenza vaccination disparities throughout the United States and offer guidance for policymakers in striving for a more inclusive and equitable allocation of resources.

Thus, this study aimed to compare the weighted and age-standardized prevalence of influenza vaccination uptake between United States adults aged 65 years or older from 2011 to 2022, and to assess the socioeconomic disparities and their potential joint association on overall influenza vaccination uptake using a nationally representative sample.



2 Methods


2.1 Data

We included individuals aged 65 years or older, utilizing data from the Behavioral Risk Factor Surveillance System (BRFSS) spanning the years 2011 to 2022 (6). The BRFSS, funded by the Centers for Disease Control and Prevention (CDC), is an annual survey designed to gather comprehensive information on sociodemographic factors, health behaviors, and comorbid conditions among non-institutionalized adults residing in the United States, Guam, and Puerto Rico. As the largest annual health survey across the 50 states, BRFSS enables estimates of Medicare’s effects at age 65 years at national and state levels. Given that BRFSS data are publicly accessible, this study was exempt from review by the institutional review board committee.



2.2 Variables

Influenza vaccination uptake was self-reported, and individuals deemed to have received the influenza vaccination if they responded affirmatively to having been vaccinated within the 12 months preceding the survey completion. Age and sex were assessed via survey questions. Race/ethnicity was self-reported, with race categorized as non-Hispanic White, non-Hispanic Black, Hispanic, and other races. Education level was assessed by asking participants, “What is the highest grade or year of school you have completed?” and categorized as less than high school, high school, and above high school. Income was assessed via the question, “Is your annual income from all sources: less than $10, 000, or $10,000 to less than $15,000, or $15,000 to less than $20,000, or $20,000 to less than $25,000, or $25,000 to less than $35,000, or $35,000 to less than $50,000, or $50,000 to less than $75,000, or $75,000 or more.” Annual family income was then categorized as less than $25,000, $25,000 to $50,000, and above $50,000.



2.3 Statistical analysis

The weighted prevalence of influenza vaccination uptake among individuals in the United States aged 65 years or older from 2011 to 2022 was calculated based on the survey weights, as the BRFSS utilized design weighting (7). We used 2010 US Census population proportions to calculate the age-standardized prevalence of influenza vaccination uptake (8). Trends in prevalence over time were tested using a weighted logistic regression model.

For descriptive purposes, continuous data was grouped into categorical data, and categorical data are presented as numbers and percentages. Since the influenza vaccination uptake was a binary variable, thus adjusted odds ratios (ORs) with 95% confidence interval (CI) were calculated using binary logistic regression models to assess potential associations between influenza vaccination uptake and sociodemographic characteristics. Interactions between influenza vaccination uptake and socioeconomic factors were tested for predicting receipt of each vaccine and reported if statistically significant. Concentration indexes were calculated to measure socioeconomic inequality, with values ranging from −1 to +1. Positive (negative) values indicate that education or income is concentrated among rich (poor) individuals. A concentration index of zero indicates no inequality. All p-values were two-sided, with a significance level of 0.05. Analysis was performed using Stata version 15.0 (Stata Corp), and weighting procedures accounted for the complex survey design of the BRFSS.




3 Results


3.1 Crude prevalence of influenza vaccination uptake

The study included 1,391,440 older adults individuals aged 65 years and above, with a gender distribution of 593,748 males (42.67%) and 797,692 females (57.33%). Among these, 878,842 individuals (63.16%) had an education level above high school, and 528,726 individuals (38.00%) earned above $50,000 annually. Ethnically, the sample consisted of 1,189,024 White individuals (85.45%), 86,600 Black people (6.22%), 54,890 Hispanics (3.94%), and 60,926 individuals of other races (4.38%). Nearly two-thirds (874,863, 62.87%) reported receiving an influenza vaccination (detailed in Table 1).



TABLE 1 Prevalence and distribution of influenza vaccination by patient characteristics among individuals aged 65 years or more based on BRFSS database from 2011 to 2022.
[image: Table1]

The weighted prevalence of influenza vaccination exhibited a slight increase over the study period, ranging from 59.05% in 2011–2013 to 67.49% in 2020–2022. This increase was consistent across age, sex, education, income and race subgroups (detailed in Supplementary Table 1). Individuals aged 80 years or older [OR 1.63, (95%CI, 1.59–1.66)] were more likely to receive an influenza vaccination, followed by those aged 75 to 79 years [OR 1.47, (95%CI, 1.43–1.50)] and those aged 70 to 74 years [OR 1.27, (95%CI, 1.24–1.29)] compared to those aged 65 to 69 years. Respondents with education above high school [63.89%; OR 1.16, (95% CI, 1.12–1.19)] were more likely to receive an influenza vaccination than those with less education (55.38%). Individuals earning above $50,000 [65.86%; OR 1.47, (95% CI, 1.43–1.50)] and those earning between $25,000 and $50,000 [61.05%; OR 1.18, (95% CI, 1.16–1.21)] had higher rates of influenza vaccination uptake than those earning less than $25,000 (55.60%). Non-Hispanic White individuals [63.16%; OR 1.38, (95% CI, 1.33–1.42)] and Hispanic individuals [53.35%; OR 1.14, (95% CI, 1.08–1.19)] were more likely to have been vaccinated than Black individuals (52.86%).



3.2 Age-standardized rates of influenza vaccination uptake varied in socioeconomic factors by races

Using the 2010 U.S. Census as the reference population, we calculated age-standardized rates of influenza vaccination uptake (Table 2). There were noticeable increases in age-standardized rates of influenza vaccination uptake for non-Hispanic White and Black individuals with income above $50,000 than those with income less than $25,000, varied in education levels non-Hispanic White (increased by 1.27% for less than a high school, 5.37% for a high school, and 12.38% for above high school); non-Hispanic Black (increased by −7.42% for less than a high school, 3.90% for a high school, and 8.34% for above high school). The increase was more pronounced from 2020 to 2022 (detailed in Supplementary Table 2).



TABLE 2 Age-standardized rates of influenza vaccination uptake varied in socioeconomic factors by races.
[image: Table2]



3.3 Joint associations of socioeconomic factors and races with influenza vaccination uptake

After adjusting for age and sex, the adjusted ORs were calculated to compare the likelihood of influenza vaccination uptake among racial and socioeconomic groups (detailed in Table 3). Compared to non-Hispanic Black individuals with an income less than $25,000 and education less than high school, the ORs were significantly higher among all non-Hispanic White groups (ORs ranging from 1.15 to 2.12), non-Hispanic Black individuals with income above $50,000 and education above high school (1.30, 95% CI, 1.18–1.44), and some Hispanic groups with higher income and higher education (Statistical test parameters were detailed in Supplementary Table 3).



TABLE 3 Joint associations between socioeconomic factors and races in predicting the influenza vaccination uptake.
[image: Table3]



3.4 The concentration indexes

Overall, those who received an influenza vaccination tended to be concentrated in the high-income group (index value 0.0981 for earning above $50,000, p value <0.001) and high-education group (index value 0.0812 for above high school, p value <0.001). This trend was consistent among non-Hispanic White, non-Hispanic Black, and Hispanic individuals (detailed in Table 4). The concentration index for income and education showed a notable increase from 2011 to 2022 (income coefficient 0.0077; 95% CI, 0.0047 to 0.0107, and education coefficient 0.0048; 95% CI, 0.0028 to 0.0068) (detailed in Table 5).



TABLE 4 Concentration index among different income and education levels by races.
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TABLE 5 Trends of concentration indexes over time were tested using logistic regression model.
[image: Table5]




4 Discussion

In this nationally representative sample, influenza vaccination uptake rates among individuals aged 65 years or older showed a clear increasing trend from 2011 to 2022. Lower education levels, lower income levels, and non-Hispanic Black individuals were associated with lower influenza vaccination uptake, indicating evident racial and socioeconomic disparities. Non-Hispanic White individuals with any level of socioeconomic status were more likely to receive an influenza vaccination compared to non-Hispanic Black individuals with lower socioeconomic status. Overall, individuals with higher socioeconomic status have greater advantages in influenza vaccination uptake.

Although annual influenza vaccination is recommended for adults aged 65 years or older, the influenza vaccination uptake remains low in previous studies (9, 10). In our study, similarly, only 62.60% individuals reported receiving an influenza vaccination using BRFSS data from 2011 to 2022. Following the release of the first COVID-19 vaccines, individuals who received an influenza vaccination were more likely to report getting a COVID-19 vaccine (11). In our study, the weighted influenza vaccination rate in 2020–2022 was the highest at 67.48%, possibly due to the increasing trend of COVID-19 vaccination.

Low influenza vaccination coverage in U.S. adults suggests that a multitude of factors may be responsible for under-vaccination or non-vaccination including vaccine hesitancy (12). Social media as a source of health information, those users of Twitter and Facebook as sources of health information were more likely to be vaccinated in comparison to users who do not use Twitter or Facebook as a source of health information (13). More than a third of adults were hesitant to receive an influenza vaccination for concerns about vaccination side effects, serious side effects or healthcare provider was not the most trusted source of information about influenza vaccinations (12). Thus, the government departments should strengthen promotional efforts for influenza vaccination on social media platforms. The government departments should intensify their promotional efforts actively on social media platforms to disseminate knowledge related to influenza vaccination.

Racial and ethnic inequities in access and use of the influenza vaccine are pervasive and persistent (14, 15). Previous study indicated that white adults 65 years and older were significantly more likely to receive influenza vaccine than those blacks (16), since that those whites persons were more likely to believe the vaccine is very effective than blacks (66% vs. 50%). Our findings show a 38% higher rate of influenza vaccination among non-Hispanic White individuals and a 14% higher rate among Hispanic individuals compared to Black individuals. Further analysis of joint associations revealed that non-Hispanic White individuals earning above $50,000 with education above high school had a 112% higher rate of receiving an influenza vaccination relative to Black individuals earning less than $25,000 with less than a high school education, a finding rarely described before. Besides, socioeconomic inequalities in access to influenza vaccination uptake are evident (17, 18). Our study indicates that adults who received an influenza vaccination tend to be concentrated in high-income and high-education groups, who have higher health awareness and health literacy, another finding rarely described before.

The principal strength of this study is the use of the BRFSS database, which included 1,391,440 older adults individuals aged 65 years and older spanning the years 2011 to 2022, compared to smaller samples in previous studies based on the BRFSS database (10, 17). Limitations include the reliance on self-reported vaccination history, which may introduce recall bias. This was especially relevant to the pneumococcal vaccine where the respondent was asked to recall whether they ever had received the immunization. While the BRFSS weighting procedures account for the undersampling of populations with reduced telephone coverage and racial minorities, these do not correct for the underrepresentation of people with severe mental, cognitive, and communication limitations. Moreover, BRFSS data do not ask questions surrounding attitudes and beliefs toward vaccines, we were not able to evaluate reasons for opting in or opting out of influenza vaccination. This is a cross-sectional study, and causal relationship cannot be determined even when relevant confounders are adequately controlled. Finally, our results might be subject to cohort and period effects, and further studies are needed to examine the role of vaccine hesitancy or other additional obstacles to vaccination among old adults. Strategies to improve influenza vaccination uptake and completion include disseminating health information through social media, leveraging university or community vaccination campaigns, identifying the need for vaccination, and eliminating barriers.

In conclusion, using the BRFSS 2011–2022 database, older adults with higher socioeconomic status have greater advantages in influenza vaccination uptake. Strategies to increase influenza vaccination uptake in the United States should address barriers faced by people with racial and socioeconomic inequalities. Addressing existing disparities requires attention to the role of social determinants of health in determining access to vaccination, particularly among older people, racial and ethnic minority populations.
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2. Unweighted.
b. Weighted percentage and 95%Cl.
c. Model adjusted for age, sex, income, education and race/ethnicity.
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