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Research article
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A B S T R A C T

Introduction: Influenza causes significant mortality and morbidity in the U.S., yet less than half of 
adults receive influenza vaccination. We use census-tract level social vulnerability index (SVI) to 
examine community- and individual-level characteristics of influenza vaccine coverage among 
primary care patients at an academic health system in Los Angeles, CA.
Methods: We used electronic medical records (EMR) data of 247,773 primary care patients for 
2017-18 and 2018-19 influenza seasons. We geocoded patients’ addresses to identify their SVI 
and merged them with EMR data. We specified mixed-effects logistic regression models esti
mating the association between patient’s vaccine receipt and SVI, adjusting for sociodemo
graphics, Charlson Comorbidity Index, and health insurance.
Results: Vaccination coverage was higher during the 2018-19 influenza season (34%) compared to 
the 2017-18 season (23%). In adjusted analyses, higher SVI, lower individual socioeconomic 
status and racial and ethnic minority status were independently associated with lower odds of 
vaccination. Patients on Medicaid had lower odds of vaccine receipt (adjusted Odds Ratio [aOR] 
= 0.77 for <65, aOR = 0.30 for 65+) than patients on commercial health insurance. Asian Non- 
Hispanic patients had higher odds than White Non-Hispanic patients (aOR = 2.39 for <65, aOR 
= 1.91 for 65+), while Black Non-Hispanic patients had lower odds (aOR = 0.49 for <65, aOR =
0.59 for 65+).
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Conclusions: Community and individual socioeconomic status and race and ethnicity were asso
ciated with influenza vaccination. Health systems can use SVI to identify communities at 
increased risk of influenza mortality and morbidity, and engage with community partners to 
develop communication strategies and invest in interventions to increase vaccine accessibility in 
under-resourced neighborhoods.

1. Introduction

Influenza places a significant burden on the health of people in the U.S., causing an estimated 12,000–52,000 deaths annually [1]. 
The U.S. Centers for Disease Control and Prevention (CDC) recommends routine influenza vaccination for all people ages 6 months and 
older [2]. However, influenza vaccine coverage among U.S. adults was 37% in the 2017–2018 season and 45% in the 2018–2019 
season [3]. Prior studies have shown that individual demographic characteristics, comorbidities, and socioeconomic status are 
associated with influenza vaccine coverage. Influenza vaccine coverage is higher among older individuals [4–6], those with chronic 
medical conditions [4,5], those with higher socioeconomic status (income, education) [5,7], those whose primary language is English 
[8], and White individuals compared to Non-Hispanic Black or Hispanic/Latino individuals [4,5,7,9].

The disparities in influenza vaccine coverage may contribute to disparities in rates of severe influenza-associated disease. 
Influenza-related hospitalizations are higher among Non-Hispanic Black and Hispanic individuals compared to White individuals in 
the U.S. [10]. Higher rates of infections and more severe disease have been associated with lower socioeconomic status [11,12]. A 
strong commitment to health equity during the COVID-19 pandemic [13] has motivated research to better understand disparities in 
vaccine coverage. In particular, these studies have shown significant geographic variation in coverage of COVID-19 primary series and 
booster vaccines between and within states [14,15]. In particular, one study noted large inequities in COVID-19 booster vaccine 
coverage between low and high income zip codes, even after adjusting for a number of other factors such as age, race and ethnicity 
distributions [15]. It is likely that these community-level factors may also be linked to differences in annual influenza vaccine 
coverage.

The CDC social vulnerability index (SVI) is a multi-dimensional measure of community vulnerability calculated nationally at the 
census-tract level [16]. SVI is composed of 15 U.S. census variables grouped under four themes: Socioeconomic Status, Household 
Composition and Disability, Minority Status and Language, and Housing and Transportation [16]. The SVI has been used to understand 
geographic disparities in burden of disease, health care utilization, and disease management. Higher levels of SVI, indicating more 
vulnerability, have been associated with higher rates of acute and chronic diseases [17–19], poor engagement in care [17], lower rates 
of preventive care [20,21], and poor chronic disease management [17]. A recent study examined the association between SVI and 
county-level influenza vaccination rates among Medicare recipients and found that vaccination rates were lower in counties with 
higher SVI [21]. Our study builds upon this work to understand community- and individual-level characteristics of influenza vaccine 
coverage by examining influenza vaccine coverage among nearly half a million primary care patient observations in a large academic 
health system in Los Angeles, CA. We hypothesized that both community and individual socioeconomic status, measured by SVI and 
health insurance status, respectively, associate with influenza vaccine coverage.

2. Methods

2.1. Study setting and participants

We conducted regression analyses of electronic medical records (EMR) data of primary care patients during the 2017–2018 and 
2018–2019 influenza seasons. The study was conducted at a large, urban academic health system that is comprised of four hospitals 
and over 250 medical practices, and serves over 670,000 unique patients each year [22]. The inclusion criteria were that patients were 
age 18 or older and were receiving primary care through the health system, defined as having at least one new or follow-up visit at a 
primary care (Internal Medicine, Internal Medicine & Pediatrics, Family Medicine, or Geriatrics) practice between November 2017 and 
October 2019. The study was approved by the institutional review board at the University of California, Los Angeles. The need for 
informed consent was waived.

2.2. Data collection and measures

We extracted weekly vaccination data from the EMR for 247,773 patients that met the inclusion criteria for this analysis. The 
primary outcome (i.e., dependent variable) of interest was whether patients received their influenza vaccine during the 2017 and 2018 
influenza seasons, defined as September 1, 2017 through April 1, 2018, and September 1, 2018 through April 1, 2019, respectively. In 
addition to data on influenza vaccinations given at any site within the health system including employee vaccination events, the EMR 
also receives data on outside influenza vaccinations from Surescripts (a pharmacy benefits manager), the California Immunization 
Registry, and Care Everywhere (the information exchange application for Epic EMR Systems). Finally, clinicians can manually enter 
vaccination data during clinical encounters and patients and proxies can enter self-reported vaccination data via the patient portal. 
When a patient receives an influenza vaccine, the influenza vaccine status is recorded in the EMR as “Completed” for the remainder of 
the season. (For example, if a patient received the vaccine on September 1, 2017, their influenza vaccination status is recorded as 
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“Completed” until April 1, 2018, changed to “Not Due” between April 2, 2018 and August 31, 2018, and reset to “Due On January 9, 
2018” on September 1, 2018.) Each unique patient contributed one or two observations based whether they met the inclusion criteria 
during each of the two influenza seasons included in this analysis.

The primary community-level factor of interest was the SVI linked to the patients’ primary area of residence. We used the 2018 SVI, 
which is calculated using 15 U S. Census variables grouped under four themes: socioeconomic status (SES) (below poverty, unem
ployed, per-capita income, without high school diploma), household composition and disability (aged 65 and older, aged 17 and 
younger, civilian living with a disability, single-parent household), racial and ethnic minority status and language (minority status and 
low English language proficiency), and housing type and transportation (multi-unit structures, mobile homes, crowding, households 
without vehicle, group quarters) [23]. Each U.S. census tract is given a score ranging from 0 (low vulnerability) to 1 (high vulnera
bility) indicating its national percentile rank for overall SVI and each SVI theme. Each patient’s census tract was identified by geo
coding their address using a geographic information systems tool and merged with SVI data downloaded from the CDC SVI website.

Individual-level factors of interest extracted from the EMR and included in this analysis were health insurance status, race and 
ethnicity, primary language, and comorbidities, which have been associated with influenza vaccine coverage in the literature [4–9], as 
well as age and sex. We used health insurance as a proxy for individual SES. Systematically collected SES measures are rarely available 
in EMRs, but health insurance information in the EMR is accurate [24], correlated with other measures of SES, such as income [25], 
and is used as a proxy for individual SES in EMR-based studies [26]. Medicaid enrollment was used as an indicator for low individual 
SES. In 2017, adults at or below 138% of Federal Poverty Level (FPL) and pregnant women at or below 213% FPL were eligible for 
Medicaid in California (FPL in 2017 was $12,060 for a single person and $24,600 for a family of 4) [27]. For patients under age 65, 
Medicare eligibility is an indicator of disability, end-stage renal disease, or Amyotrophic Lateral Sclerosis [28]. When patients were 
covered by multiple health insurance plans during the study period, in order to identify patients who were eligible for Medicaid, 
coverage was categorized as follows: “Medicaid” if they were covered by Medicaid plans with any other plans, including patients on 
Supplemental Security Income who are automatically enrolled into Medicaid in California [29]; “Medicare” if they were covered by 
Medicare plans with any other plans except Medicaid plans; “Commercial” if they were covered by a commercial plan but not Medicaid 
or Medicare plans; “Other” if patients were not covered by any of those plans and were covered under worker’s compensation in
surance or self-pay. For example, if a patient was covered by both Medicare and Medicaid at the same time, the patient’s insurance 
status was categorized as “Medicaid.” Patient’s race and ethnicity were categorized as Hispanic All Races, White Non-Hispanic, Black 
Non-Hispanic, Asian Non-Hispanic, and Other (of which 82% identified as “other race,” 13% identified as “multiple races,” 2% 
identified as “Native Hawaiian or Other Pacific Islander,” and 2% identified “American Indian or Alaska Native”). Primary language 
was dichotomized into English and Not English, because patients who selected non-English languages made up less than 3% of the 

Table 1 
Demographic characteristics of unique patients (N = 247,773).

All patients (n = 247,773) Under 65 (n = 202,066) 65 & Over (n = 45,707)

Variable n or mean % or SD n or mean % or SD n or mean % or SD

Age 47 17.3 42 12.7 73.8 7.33
18–24 20,880 8.4 % 20,880 10.3 % ​ ​
25–34 48,060 19.4 % 48,060 23.8 % ​ ​
35–44 47,911 19.3 % 47,911 23.7 % ​ ​
45–54 45,379 18.3 % 45,379 22.5 % ​ ​
55–64 39,836 16.1 % 39,836 19.7 % ​ ​
65–69 16,081 6.5 % ​ ​ 16,081 35.2 %
70–74 12,175 4.9 % ​ ​ 12,175 26.6 %
75–79 7,863 3.2 % ​ ​ 7,863 17.2 %
80–84 4,850 2.0 % ​ ​ 4,850 10.6 %
85+ 4,738 1.9 % ​ ​ 4,738 10.4 %
Sex
Male 109,430 44.2 % 89,583 44.3 % 19,847 43.4 %
Female 138,330 55.8 % 112,470 55.7 % 25,860 56.6 %
CCI 0.94 1.83 0.69 1.50 2.04 2.61
Health Insurance
Commercial 197,754 79.8 % 189,935 94.0 % 7,819 17.1 %
Medicare 38,429 15.5 % 4408 2.2 % 34,021 74.4 %
Medicaid 8,656 3.5 % 4,916 2.4 % 3,740 8.2 %
Other 2,249 0.9 % 2,189 1.1 % 60 0.1 %
Race/Ethnicity
White Non-Hispanic 128,039 51.7 % 98,768 48.9 % 29,271 64.0 %
Black Non-Hispanic 11,343 4.6 % 8,841 4.4 % 2,502 5.5 %
Hispanic All Races 26,831 10.8 % 23,088 11.4 % 3,743 8.2 %
Asian Non-Hispanic 24,369 9.8 % 20,221 10.0 % 4,148 9.1 %
Other 26,588 10.7 % 23,070 11.4 % 3,518 7.7 %
Primary Language
English 240,986 97.3 % 198,461 98.2 % 42,525 93.0 %
Not English 6,591 2.7 % 3,425 1.7 % 3,166 6.9 %
SVI 0.30 0.24 0.30 0.24 0.27 0.23

CCI, Charlson Comorbity Index; SD, Standard Deviation; SVI, Social Vulnerability Index.
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study population. We calculated each patient’s Charlson Comorbidity Index (CCI), a score determined based on 19 medical conditions 
that reflects mortality risk [30], using the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10) [31].

2.3. Statistical analysis

We present descriptive statistics including mean, median, and percentage for the covariates described above for the sample overall 
and stratified by age (under 65, 65 and older) and by vaccination status. We evaluated differences between patients who were 
vaccinated and patients who were not vaccinated using two-tailed t-test and chi-square methods as appropriate. We conducted 
bivariate analyses to estimate the associations between influenza vaccine receipt and SVI, sociodemographic variables, CCI, and health 
insurance. We subsequently conducted a complete case analysis estimating the association between a patient’s vaccine receipt and 
overall SVI, adjusting for individual demographic factors, CCI, and health insurance using a mixed-effects logistic regression model to 
account for up to two observations for each patient for the two influenza seasons. Patients younger than 65 were analyzed separately 
from patients 65 or older to account for Medicare eligibility. In addition to the overall SVI model, we repeated the analysis with 
separate logistic regression models for each of the four SVI themes. All analyses were conducted using STATA (version 16; StataCorp 
LLC).

3. Results

3.1. Characteristics of the study population

We included 247,773 unique, eligible patients in this analysis (Table 1). The mean age was 47 (standard deviation [SD] 17.3), 56% 
were female, and those who identified as White, Non-Hispanic comprised the single largest racial and ethnic group (52%). The ma
jority of patients (80%) were covered by commercial plans and only 4% were covered by Medicaid, of which half (53%) were covered 
by both Medicaid and Medicare. The mean SVI score was 0.30 (SD 0.24).

Table 2 
Demographic characteristics for observations (N = 493,325) by influenza vaccination status.

Vaccination status Vaccinated (n = 140,789) Not vaccinated (n = 352,536) p-value for t-test or Chi-squared test

Variable n or mean % or SD N or mean % or SD

Year
2017–2018 57,551 23.4 % 188,001 76.6 % <0.001
2018–2019 83,238 33.6 % 164,535 66.4 % ​
Age (years)
Mean (SD) 53.4 17.8 44.5 16.3 <0.001
18–24 6,305 14.5 % 37,310 85.5 % ​
25–34 18,895 19.5 % 78,181 80.5 % ​
35–44 23,473 24.7 % 71,658 75.3 % ​
45–54 22,832 25.1 % 68,083 74.9 % ​
55–64 25,906 32.9 % 52,838 67.1 % ​
65–69 13,961 44.5 % 17,415 55.5 % ​
70–74 11,867 50.4 % 11,673 49.6 % ​
75–79 7,882 52.8 % 7,052 47.2 % ​
80–84 4,923 53.5 % 4,286 46.5 % ​
85+ 4,745 54.0 % 4,040 46.0 % ​
Sex
Male 60,733 27.9 % 157,104 72.1 % <0.001
Female 80,056 29.1 % 195,407 70.9 % ​
CCI 1.49 2.27 0.72 1.58 <0.001
Insurance
Commercial 98,281 25.0 % 295,097 75.0 % <0.001
Medicare 36,072 46.9 % 40,784 53.1 % ​
Medicaid 5,792 33.5 % 11,476 66.5 % ​
Other 573 12.8 % 3,888 87.2 % ​
Race/Ethnicity
White Non-Hispanic 81,040 31.8 % 174,030 68.2 % <0.001
Black Non-Hispanic 5,865 25.9 % 16,743 74.1 % ​
Hispanic All Races 14,996 28.1 % 38,404 71.9 % ​
Asian Non-Hispanic 17,887 36.8 % 30,717 63.2 % ​
Other 12,061 22.8 % 40,798 77.2 % ​
Primary Language
English 136,111 28.4 % 343,664 71.6 % <0.001
Not English 4,655 35.4 % 8,508 64.6 % ​
SVI 0.28 0.23 0.30 0.24 <0.001

CCI, Charlson Comorbidity Index; SD, Standard Deviation; SVI, Social Vulnerability Index.
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3.2. Characteristics of the study population by vaccination status

The 247,773 patients contributed 493,325 observations across the two influenza seasons (Table 2). Vaccination coverage was 
higher during the 2018–2019 influenza season (34%) compared to the 2017–2018 season (23%) (p < 0.001) and increased by age with 
the lowest levels of vaccination among the youngest age group (15% among those 18–24 years of age). Patients identifying as Asian 
Non-Hispanic had the highest vaccination coverage (37%), followed by White Non-Hispanic patients (32%), Hispanic patients (28%), 
and Black Non-Hispanic patients (26%). Patients who were vaccinated had a lower mean overall SVI score (0.28) compared to patients 
who were not vaccinated (0.30) (p < 0.001).

3.3. Factors associated with influenza vaccination

Individual socioeconomic status and race were independently associated with influenza vaccination status (Tables 3 and 4). For 
patients under 65 years (Table 3), patients on Medicaid had lower odds (adjusted Odds Ratio [aOR] = 0.77, 95 % CI 0.68, 0.88) of 
receiving the vaccine compared to patients on commercial health insurance. Asian Non-Hispanic patients had higher odds (2.39, 95% 
CI 2.24, 2.55) of receiving the vaccine compared to White Non-Hispanic patients, while Black Non-Hispanic patients had lower odds 
(aOR = 0.49, 95% CI 0.45, 0.54). For patients 65 years of age and older, patients on Medicaid (aOR = 0.30, 0.25, 0.35) had lower odds 
of receiving the influenza vaccine compared to patients on commercial health insurance. Asian Non-Hispanic patients had higher odds 
(aOR = 1.91, 95% CI 1.67, 2.17) of receiving the influenza vaccine compared to White Non-Hispanic patients, while Black Non- 
Hispanic patients had lower odds (aOR = 0.59, 95% CI 0.50, 0.69).

Neighborhood disadvantage as measured by SVI was independently associated with influenza vaccination status (Tables 3 and 4). 
This association held even after adjusting for other individual level factors such as age, race and ethnicity, sex, and insurance status. 
For instance, among patients less than 65 years of age (Table 3), an increase in SVI from 0 to 1 (i.e., least disadvantaged to the most 
disadvantaged neighborhood) was associated with a 46% reduction in the odds of having received the influenza vaccine (aOR = 0.54, 
95% CI 0.50, 0.59). This association remained significant in the analysis of patients 65 years of age or older, who had a 34% reduced 
odds of influenza vaccination for an increase in SVI from 0 to 1 (aOR = 0.66, 95% CI 0.55, 0.78). Analyses examining the correlation 
between influenza vaccine receipt and the four themes of SVI (SES, household composition and language, racial and ethnic minority 
status and language, and housing and transportation) showed that higher scores on each theme (indicating higher vulnerability) were 
correlated with lower likelihood of influenza vaccine receipt (see Appendix Tables 1 and 2).

Table 3 
Correlates of influenza vaccine receipt for patients under 65 years old.

Variables
Bivariate Multivariable

OR CI aOR CI

Year
2017–2018 1.0 Reference 1.0 Reference
2018–2019 4.05 (3.94, 4.15)*** 3.64 (3.54, 3.74)***
Age
18–24 1.0 Reference 1.0 Reference
25–34 1.98 (1.85, 2.11)*** 1.90 (1.76, 2.05)***
35–44 3.58 (3.36, 3.82)*** 3.22 (2.98, 3.48)***
45–54 3.92 (3.68, 4.19)*** 3.24 (2.99, 3.50)***
55–64 8.36 (7.81, 8.94)*** 6.06 (5.59, 6.58)***
Sex
Male 1.0 Reference 1.0 Reference
Female 1.19 (1.15, 1.23)*** 1.13 (1.09, 1.18)***
CCI 1.47 (1.45, 1.48)*** 1.43 (1.42, 1.45)***
Insurancea

Commercial 1.0 Reference 1.0 Reference
Medicare 3.01 (2.73, 3.32)*** 1.55 (1.38, 1.75)***
Medicaid 1.17 (1.05, 1.31)** 0.77 (0.68, 0.88)***
Other 0.23 (0.19, 0.28)*** 0.23 (0.18, 0.30)***
Primary Language
English 1.0 Reference 1.0 Reference
Not English 0.96 (0.84, 1.09) 0.65 (0.55, 0.76)***
Race
White Non-Hispanic 1.0 Reference 1.0 Reference
Black Non-Hispanic 0.53 (0.49, 0.58)*** 0.49 (0.45, 0.54)***
Hispanic All Races 0.83 (0.79, 0.88)*** 0.99 (0.93, 1.05)
Asian Non-Hispanic 1.86 (1.76, 1.97)*** 2.39 (2.24, 2.55)***
Other 0.54 (0.51, 0.57)*** 0.61 (0.57, 0.65)***
SVI 0.50 (0.46, 0.54)*** 0.54 (0.50, 0.59)***

aOR, Adjusted Odds Ratio; CCI, Charlson Comorbity Index; OR, Odds Ratio; SVI, Social Vulnerability Index.
* = p < 0.05, ** = p < 0.01, *** = p < 0.001.

a Medicaid enrollment was used as an indicator for low individual socioeconomic status.

S. Takada et al.                                                                                                                                                                                                        Heliyon 10 (2024) e40476 

5 



4. Discussion

In our study among primary care patients at a large academic health system, we found that influenza vaccine coverage was 23% in 
the 2017–2018 season and 34% in the 2018–2019 season, which was lower than the national average of 37% and 45% [32], 
respectively, and was associated with both individual and community-level SES, and individual and community-level race and 
ethnicity and language, adjusting for age, sex, and comorbidities.

The mean SVI score of patients was 0.30 (SD 0.24) compared to the Los Angeles County average SVI of 0.77 in 2018 [33], sug
gesting that the patients lived in less disadvantaged neighborhoods within the Los Angeles County catchment area for the health 
system. Even among this population with insurance coverage and primary care access, low influenza vaccine coverage was correlated 
with both individual and community markers of SES. Living in a census tract with higher overall SVI as well as higher SES vulnerability 
(below poverty, unemployed, per-capita income, without high school diploma) was associated with lower influenza vaccine coverage, 
consistent with a prior study examining county-level influenza vaccine coverage and SVI among Medicare beneficiaries [21]. We built 
upon their findings by accounting for individual-level characteristics, and found that being a Medicaid beneficiary, a marker of in
dividual poverty, was also correlated with lower influenza vaccine coverage. In addition, consistent with prior studies, we found that 
both individual race and ethnicity and living in a community with higher proportions of racial and ethnic minorities correlated with 
receipt of influenza vaccine. For both patients 64 years and younger and 65 years and older, Black Non-Hispanic patients were less 
likely to have received the influenza vaccine compared to White Non-Hispanic patients, and patients who lived in census tracts with 
higher proportion of racial and ethnic minorities and those with low English language proficiency were less likely to have received the 
influenza vaccine.

Socioeconomic status and race are interrelated factors [34] that contribute to both access to and attitudes towards the influenza 
vaccine. People with low socioeconomic status are likely to experience barriers to access to health care and be dissatisfied with their 
care [35]. Race is a social construct that reflects exposure to historical and current structural, interpersonal, and internalized 
discrimination, within and outside of healthcare systems [36]. These experiences of racism often lead to medical mistrust and 
decreased engagement in health care [36]. Studies examining racial differences in influenza coverage reveal differences in access to 
and attitudes toward the influenza vaccine. A nationally representative survey revealed that, compared to White participants, African 
American participants reported perceived higher risk of and lower trust in the influenza vaccine and higher barriers to vaccination and 
these factors were associated with perceptions of racial fairness [37]. Our study examined vaccination coverage prior to the COVID-19 
pandemic, but a recent study on COVID-19 vaccine accessibility showed that, in communities with higher percentages of Non-Hispanic 

Table 4 
Correlates of influenza vaccine receipt for patients 65 years and older.

Variables
Bivariate Multivariable

OR CI aOR CI

Year
2017–2018 1.0 Reference 1.0 Reference
2018–2019 1.93 (1.85, 2.01)*** 1.88 (1.80, 1.97)***
Age
65–69 1.0 Reference 1.0 Reference
70–74 1.68 (1.55, 1.82)*** 1.52 (1.40, 1.66)***
75–79 2.16 (1.97, 2.38)*** 1.82 (1.64, 2.01)***
80–84 2.38 (2.13, 2.66)*** 1.82 (1.61, 2.05)***
85+ 2.42 (2.15, 2.72)*** 1.63 (1.44, 1.86)***
Sex
Male 1.0 Reference 1.0 Reference
Female 0.86 (0.80, 0.92)*** 0.87 (0.81, 0.93)***
CCI 1.31 (1.29, 1.33)*** 1.31 (1.29, 1.33)***
Insurancea

Commercial 1.0 Reference 1.0 Reference
Medicare 0.65 (0.60, 0.72)*** 0.62 (0.56, 0.69)***
Medicaid 0.44 (0.38, 0.51)*** 0.30 (0.25, 0.35)***
Other 0.10 (0.04, 0.26)*** 0.13 (0.04, 0.43)**
Race/Ethnicity
White Non-Hispanic 1.0 Reference 1.0 Reference
Black Non-Hispanic 0.61 (0.53, 0.71)*** 0.59 (0.50, 0.69)***
Hispanic All Races 1.01 (0.89, 1.14) 1.07 (0.93, 1.24)
Asian Non-Hispanic 1.84 (1.63, 2.07)*** 1.91 (1.67, 2.17)***
Other 0.33 (0.29, 0.38)*** 0.39 (0.34, 0.44)***
Primary Language
English 1.0 Reference 1.0 Reference
Not English 0.90 (0.79, 1.03) 0.83 (0.70, 0.98)*
SVI 0.64 (0.55, 0.75)*** 0.66 (0.55, 0.78)***

aOR, Adjusted Odds Ratio; CCI, Charlson Comorbity Index; OR, Odds Ratio; SVI, Social Vulnerability Index.
* = p < 0.05, ** = p < 0.01, *** = p < 0.001.

a Medicaid enrollment was used as an indicator for low individual socioeconomic status.
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Black residents, healthcare facilities were less likely to administer COVID-19 vaccines vaccines [38]. These findings call for health 
systems to engage with community partners. Community engagement is critical in mobilizing public health interventions to achieve 
health equity [39–43]. Community leaders and organizations have been part of designing and planning successful public health in
terventions, building trust, and communicating with the public [42], and delivering culturally-tailored vaccine promotion campaigns 
[39]. Health systems should collaborate with community partners to develop more effective communication about influenza vaccine to 
improve attitudes towards the vaccine, as well as examine and address experiences of racism that may underlie these attitudes. In 
addition, health systems may examine vaccine availability and invest in interventions, such as mobile vaccine clinics and community 
vaccination programs hosted by trusted community organizations, to increase accessibility in areas with high levels of neighborhood 
disadvantage.

This study is subject to several limitations. This study uses EMR data, which can be limited in the completeness and correctness of 
data recorded [44]. For example, while data on influenza vaccines given outside of the health system is obtained from multiple sources, 
including the California Immunization Registry and manual entry by clinicians during clinical encounters and by patients through the 
patient portal, some vaccines may not be recorded, resulting in lower vaccination rates overall. The influenza vaccine data collected 
through the patient portal does not require patients to submit evidence of vaccination. We did not have data on where the vaccination 
data was obtained (e.g. California Immunization Registry vs within the health system). Family characteristics and influences are 
important drivers of vaccine coverage [45,46], but our data did not allow for us to identify family ties between patients. In addition, we 
did not have information on whether patients were ineligible for influenza vaccination based on a history of severe allergic reaction to 
a prior influenza vaccine or its ingredients. Despite limitations, the EMR is an important resource for population health research that 
allows for accessing rich longitudinal data on large populations that can be linked to contextual data such as SVI [47]. Our study was 
conducted among primary care patients from a single, urban academic health system in Los Angeles County, and does not reflect the 
general population in Los Angeles County [48,49]. Therefore, our results may not be generalizable to Los Angeles County and to other 
populations. Our study does not examine influenza vaccine coverage during the COVID-19 pandemic; other scholars have already 
examined this important question [50–52]. While this was a unique time that presented unprecedented risks and opportunities for 
healthcare systems, we focused on the association between individual and community socioeconomic status prior to the COVID-19 
pandemic so that our findings would be applicable for designing interventions after the pandemic. Finally, there are inherent chal
lenges in modeling both community- and individual-level characteristics, because community-level measures like SVI are often an 
aggregate measure derived from individual-level measures [53]. However, individual and community-level characteristics are distinct 
constructs with independent effects on health [54], and individual and community-level characteristics are not always highly 
correlated [55]. Community-level attributes are reflections of a community’s physical (e.g access to healthcare, quality housing, and 
healthy foods) and social (e.g. social connectedness, social norms) resources [53, 56, 57]. The studies on community characteristics on 
health (“neighborhood effects”) have highlighted the potential of community interventions in reducing health disparities. Tradi
tionally, these included policies that invest in the quality of housing, public transportation, and reduce residential segregation. 
However, as health systems increasingly move toward addressing social needs of their patients, there are opportunities to improve the 
health of their patients through partnering with communities. This study, which combines EMR data with SVI, illuminates one way 
that health systems can identify communities at risk of adverse health outcomes and evaluate the impact of community-level 
interventions.

5. Conclusion

In our study of primary care patients in a large, urban academic health system, influenza vaccination coverage was lower among 
patients with higher neighborhood SVI, lower individual socioeconomic status and racial and ethnic minority status. Our study 
combines EMR data with SVI and illuminates one way that health systems can identify communities at risk and develop targeted 
community-level interventions to address components of SVI, including socioeconomic status, racial disparities, language barriers, and 
housing security. To reduce disparities in influenza mortality and morbidity, health systems should engage with community partners to 
address disparities in access to and attitudes toward the influenza vaccine particularly among those who live in areas with high SVI.
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Appendix Table 1. Correlation between SVI themes and influenza vaccine receipt for patients under 65

Variable
Socioeconomic Status Household Composition Minority Status and language Housing and Transportation

aOR CI aOR CI aOR CI aOR CI

Year
2017–2018 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
2018–2019 3.64 (3.54, 3.74) *** 3.64 (3.54, 3.74) *** 3.64 (3.54, 3.74) *** 3.64 (3.54, 3.74) ***
Age
18–24 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
25–34 1.91 (1.77, 2.07) *** 1.86 (1.72, 2.00) *** 1.90 (1.76, 2.05) *** 1.90 (1.75, 2.04) ***
35–44 3.22 (2.98, 3.48) *** 3.22 (2.98, 3.48) *** 3.23 (2.99, 3.49) *** 3.22 (2.98, 3.48) ***
45–54 3.21 (2.97, 3.48) *** 3.30 (3.05, 3.57) *** 3.25 (3.00, 3.51) *** 3.25 (3.01, 3.52) ***
55–64 6.00 (5.52, 6.51) *** 6.21 (5.72, 6.74) *** 6.07 (5.59, 6.58) *** 6.10 (5.62, 6.62) ***
Sex
Male 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Female 1.13 (1.09, 1.18) *** 1.14 (1.09, 1.19) *** 1.13 (1.09, 1.18) *** 1.14 (1.09, 1.18) ***
CCI 1.44 (1.42, 1.46) *** 1.43 (1.41, 1.45) *** 1.43 (1.42, 1.45) *** 1.43 (1.41, 1.45) ***
Insurance
Commercial 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Medicare 1.56 (1.38, 1.75) *** 1.55 (1.38, 1.74) *** 1.55 (1.37, 1.74) *** 1.55 (1.38, 1.74) ***
Medicaid 0.78 (0.69, 0.89) *** 0.73 (0.64, 0.83) *** 0.76 (0.66, 0.86) *** 0.73 (0.64, 0.83) ***
Other 0.23 (0.19, 0.30) *** 0.23 (0.18, 0.29) *** 0.23 (0.18, 0.30) *** 0.23 (0.18, 0.29) ***
Race/Ethnicity
White Non-Hispanic 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Black Non-Hispanic 0.51 (0.46, 0.56) *** 0.45 (0.41, 0.50) *** 0.49 (0.44, 0.54) *** 0.45 (0.41, 0.50) ***
Hispanic All Races 1.01 (0.95, 1.08) 0.91 (0.85, 0.97) ** 0.98 (0.92, 1.04) 0.92 (0.86, 0.98) **
Asian Non-Hispanic 2.37 (2.23, 2.53) *** 2.34 (2.19, 2.49) *** 2.44 (2.28, 2.60) *** 2.36 (2.21, 2.51) ***
Other 0.61 (0.57, 0.65) *** 0.60 (0.56, 0.64) *** 0.61 (0.57, 0.65) *** 0.60 (0.56, 0.64) ***
Primary Language
English 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Not English 0.66 (0.56, 0.77) *** 0.61 (0.52, 0.72) *** 0.65 (0.55, 0.75) *** 0.62 (0.53, 0.73) ***
SVI Theme
Socioeconomic Status 0.45 (0.41, 0.49) *** ​ ​ ​ ​ ​ ​
Household Composition ​ ​ 0.83 (0.76, 0.90) *** ​ ​ ​ ​
Minority Status and Language ​ ​ ​ ​ 0.61 (0.56, 0.67) *** ​ ​
Housing and Transportation ​ ​ ​ ​ ​ ​ 0.76 (0.71, 0.82) ***

aOR, Adjusted Odds Ratio; CCI, Charlson Comorbity Index; OR, Odds Ratio; SVI, Social Vulnerability Index.
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Appendix Table 2. Correlation between SVI themes and influenza vaccine receipt for patients 65 and older

Socioeconomic Status Household Composition Minority Status and language Housing and Transportation

Variable aOR CI aOR CI aOR CI aOR CI

Year
2017–2018 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
2018–2019 1.88 (1.80, 1.97) *** 1.88 (1.8, 1.97) *** 1.88 (1.80, 1.97) *** 1.88 (1.80, 1.97) ***
Age
65–69 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
70–74 1.52 (1.40, 1.65) *** 1.53 (1.40, 1.66) *** 1.52 (1.40, 1.66) *** 1.53 (1.40, 1.66) ***
75–79 1.81 (1.64, 2.00) *** 1.83 (1.66, 2.03) *** 1.82 (1.64, 2.01) *** 1.83 (1.65, 2.02) ***
80–84 1.81 (1.61, 2.05) *** 1.84 (1.63, 2.08) *** 1.82 (1.61, 2.05) *** 1.84 (1.63, 2.07) ***
85+ 1.62 (1.43, 1.84) *** 1.66 (1.46, 1.88) *** 1.63 (1.43, 1.85) *** 1.65 (1.45, 1.87) ***
Sex
Male 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Female 0.87 (0.81, 0.93) *** 0.87 (0.81, 0.93) *** 0.87 (0.81, 0.93) *** 0.87 (0.81, 0.94) ***
CCI 1.31 (1.29, 1.33) *** 1.31 (1.29, 1.33) *** 1.31 (1.29, 1.33) *** 1.31 (1.29, 1.33) ***
Insurance
Commercial 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Medicare 0.62 (0.56, 0.69) *** 0.63 (0.57, 0.70) *** 0.62 (0.56, 0.69) *** 0.62 (0.56, 0.69) ***
Medicaid 0.30 (0.25, 0.35) *** 0.29 (0.25, 0.34) *** 0.30 (0.25, 0.35) *** 0.29 (0.25, 0.34) ***
Other 0.13 (0.04, 0.43) *** 0.13 (0.04, 0.43) *** 0.13 (0.04, 0.43) *** 0.13 (0.04, 0.43) ***
Race/Ethnicity
White Non-Hispanic 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Black Non-Hispanic 0.59 (0.50, 0.69) *** 0.56 (0.47, 0.66) *** 0.59 (0.49, 0.69) *** 0.54 (0.46, 0.64) ***
Hispanic All Racnes 1.07 (0.93, 1.24) 1.03 (0.89, 1.18) 1.07 (0.93, 1.24) 1.02 (0.89, 1.18)
Asian Non-Hispanic 1.89 (1.66, 2.15) *** 1.87 (1.64, 2.12) *** 1.94 (1.71, 2.21) *** 1.87 (1.65, 2.13) ***
Other 0.39 (0.34, 0.44) *** 0.38 (0.33, 0.44) *** 0.39 (0.34, 0.45) *** 0.38 (0.33, 0.44) ***
Primary Language
English 1.0 Reference 1.0 Reference 1.0 Reference 1.0 Reference
Not English 0.83 (0.70, 0.98)* 0.81 (0.69, 0.96)* 0.83 (0.70, 0.98)* 0.82 (0.69, 0.96)*
SVI Theme
Socioeconomic Status 0.66 (0.55, 0.80) *** ​ ​ ​ ​ ​ ​
Household Composition ​ ​ 0.73 (0.63, 0.85) *** ​ ​ ​ ​
Minority Status and Language ​ ​ ​ ​ 0.71 (0.60, 0.85) *** ​ ​
Housing and Transportation ​ ​ ​ ​ ​ ​ 0.87 (0.76, 1.00)

aOR, Adjusted Odds Ratio; CCI, Charlson Comorbity Index; OR, Odds Ratio; SVI, Social Vulnerability Index.
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