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Abstract
Background  Racial disparities in receipt of high-dose influenza vaccine (HDV) have been documented nationally, but whether 
small-area geographic variation in such disparities exists remains unknown. We assessed the distribution of disparities in 
HDV receipt between Black and White traditional Medicare beneficiaries vaccinated against influenza within states and 
hospital referral regions (HRRs).
Methods  We conducted a nationally representative retrospective cohort study of 11,768,724 community-dwelling traditional 
Medicare beneficiaries vaccinated against influenza during the 2015–2016 influenza season (94.3% White and 5.7% Black). 
Our comparison was marginalized versus privileged racial group measured as Black versus White race. Vaccination and 
type of vaccine were obtained from Medicare Carrier and Outpatient files. Differences in the proportions of individuals who 
received HDV between Black and White beneficiaries within states and HRRs were used to measure age- and sex-standard-
ized disparities in HDV receipt. We restricted to states and HRRs with ≥ 100 beneficiaries per age-sex strata per racial group.
Results  We detected a national disparity in HDV receipt of 12.8 percentage points (pps). At the state level, the median 
standardized HDV receipt disparity was 10.7 pps (minimum, maximum: 2.9, 25.6; n = 30 states). The median standardized 
HDV receipt disparity among HRRs was 11.6 pps (minimum, maximum: 0.4, 24.7; n = 54 HRRs).
Conclusion  Black beneficiaries were less likely to receive HDV compared to White beneficiaries in almost every state and 
HRR in our analysis. The magnitudes of disparities varied substantially across states and HRRs. Local interventions and 
policies are needed to target geographic areas with the largest disparities to address these inequities.
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Introduction

In the United States (US) older adults, aged 65 years or 
older, are among those at highest risk for severe illness 
or complications due to influenza infection and account 
for the most influenza-related hospitalizations and deaths 
[1]. High-dose influenza vaccine (HDV; Fluzone High-
Dose, Sanofi), is an alternative to other seasonally recom-
mended standard-dose vaccines (SDVs), and was recently 
preferentially recommended for this age group by the 
Advisory Committee on Immunization Practices for the 
2022–2023 influenza season [2]. Although HDV has been 
demonstrated to be superior to SDV in clinical efficacy tri-
als, only 47% of older adults immunized against influenza 
receive HDV [2–4]. An unaddressed driver of stagnation 
in HDV uptake may be racial disparities in vaccination 
between socially marginalized Black and more privileged 
White older adults [5].

Health disparities are defined as differences in health out-
comes and the provision of health services that adversely 
affect systematically marginalized groups [6, 7]. For exam-
ple, socially privileged groups, including White populations, 
experience greater access to and uptake of innovations in 
medical technology including vaccines [8, 9]. Many health 
disparities arise from the long-standing effects of structural 
racism, that is, the various systemic societal practices and 
policies that result in discrimination towards socially-defined 
marginalized groups [10–12]. Historical discrimination and 
medical mistreatment of these groups, particularly Black 
populations, have contributed to well-documented contem-
porary medical mistrust and vaccine hesitancy [13–15].

Disparities in HDV receipt between Black and White 
traditional Medicare beneficiaries have been documented 
in excess of 15 percentage points (pps), but these stud-
ies have reported disparities at either national or regional 
levels [4, 16]. The distribution of these disparities across 
smaller geographic units including states and hospital 
referral regions (HRRs), which represent regional hospital 
catchment areas with a minimum population of 120,000 
[17], remains unknown. Such disparities likely also vary 
in magnitude across geographic areas as a consequence of 
localized structural racism, which has contributed to resi-
dential segregation and the ability to access high-quality 
health care [18, 19]. It is therefore necessary to charac-
terize disparities in HDV receipt at smaller geographic 
units (e.g., states and HRRs) such that local interventions 
and policies can be targeted to areas with the greatest dis-
parities. Such local interventions are likely to have just as 
much, if not larger, effects on improving equity in access 
to HDV as any national efforts [20].

In this study, we aimed to examine crude dispari-
ties in high-dose influenza vaccine receipt between 

community-dwelling non-Hispanic White and non-Hispanic 
Black traditional Medicare beneficiaries vaccinated against 
influenza across the US. We also used direct standardization 
to estimate age- and sex-standardized racial disparities in 
HDV receipt among this same group of beneficiaries within 
states and HRRs [21]. We hypothesized that substantial geo-
graphic variation in disparities in HDV receipt across states 
and HRRs would exist and that there would be substantial 
heterogeneity of disparities in HDV receipt among HRRs 
located within the same state.

Methods

Study Design and Data Sources

This nationally representative retrospective cohort study of 
community-dwelling US Medicare beneficiaries included 
adults aged 65 years and older enrolled in traditional Medi-
care between July 1, 2015 and June 30, 2016, prior to when 
HDV was preferentially recommended for older adults. We 
linked the Medicare Beneficiary Summary File (MBSF), 
which includes beneficiary demographic, residential, and 
enrolment information [22], to a 100% sample of Medicare 
Part B Carrier and Outpatient files, which provide informa-
tion on the date and nature of all claims submitted for phy-
sician and nursing services provided in hospital outpatient 
settings [23]. The study was approved by the Brown Univer-
sity Institutional Review Board and the need for informed 
consent was waived due to the use of deidentified data.

Study Population

Eligible participants included all non-Hispanic White and 
non-Hispanic Black US traditional Medicare beneficiar-
ies aged 65 years and older during the study period. We 
excluded beneficiaries enrolled in Medicare Advantage as 
information on influenza vaccination from these benefi-
ciaries is missing in Carrier and Outpatient files. Nursing 
home residents were also excluded as vaccination decisions 
for these beneficiaries may be driven by facility and other 
characteristics unmeasured in our data [24, 25]. Partici-
pants either entered the cohort on the study start date (July 
1, 2015), on their 65th birthday, or on the date of cover-
age initiation. To ensure sufficient time for vaccinations to 
be documented and observed, we required beneficiaries to 
have at least 3 months of continuous coverage during the 
study period. Because Medicare claims are less reliable 
for documenting influenza vaccination among non-White 
beneficiaries [26], and because we were interested in dis-
parities in the type of vaccine received (HDV versus SDV), 
we restricted the study population to only participants who 
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were documented to have received any vaccination. Doing so 
reduces uncertainty about the accuracy of influenza vaccina-
tion documentation in administrative claims, as individuals 
who may have received an influenza vaccination through 
sources such as work or free clinics may not be represented 
in claims data [26].

Conceptual Framework

Informed by the literature, we constructed a causal directed 
acyclic graph (DAG) to help guide our analytic decisions 
(Fig. 1) [10, 11, 16, 18, 27–32]. Based on this DAG, fac-
tors such as comorbidities, health behaviors, and provider 
characteristics are considered to be mediators of the relation-
ship between marginalized racial group and HDV receipt 
instead of confounders [29]. A bracket is used to signify that 
our outcome “vaccinated with HDV” and selection criteria 
“received any vaccination,” which occur simultaneously, 
share common determinants. Because our study population 
was restricted to vaccinated traditional Medicare beneficiar-
ies in specific geographic units who were alive and enrolled 
in 2015–2016, part of the relationship between racial group 
and vaccine type may occur through non-random selection, 
e.g., through collider stratification via pathways involving 
age and sex [29, 33]. To minimize the impact of this collider 
stratification, which may serve to mask or underestimate a 

disparity, we standardized our analyses by age and sex [21]. 
Additional details concerning the DAG can be found in the 
Supplement (Online Resource 1).

Comparison: Membership in a Marginalized 
versus Privileged Racial Group

Race is a social construct, rather than a biological one, and 
is a product of structural racism [34]. In our study, Black 
race was considered to be a marginalized racial group while 
White race was considered to be a privileged racial group. 
Information on beneficiaries’ race was obtained from the 
MBSF using information that is derived from applications to 
Social Security [35]. Our primary interest was investigating 
disparities between non-Hispanic White and non-Hispanic 
Black Medicare beneficiaries, between whom the difference 
in social privilege is historically distinct and among the larg-
est [36]. We therefore excluded beneficiaries who identified 
as Hispanic, Asian/Pacific Islander, American Indian/Alaska 
Native, and Other.

Outcome: High‑Dose Influenza Vaccination

Receipt of an influenza vaccination and type of vaccine 
received during the study period were identified using 
Current Procedural Terminology codes obtained from the 

Fig. 1   Causal directed acyclic graph encoding subject matter knowl-
edge regarding the relationship between racial group and high-
dose influenza vaccination. Figure  1 represents an encoding of our 
assumptions about variables (nodes) and the relationships between 
them that are reflected by the included single direction arrows. The 
figure is read from left to right, encoding temporality, wherein each 

node that is an antecedent (a node with an arrow emanating from it) 
of another also precedes it time. Our comparison of interest is repre-
sented by the node “Membership in a marginalized versus privileged 
racial group,” which is operationalized as being Black versus White 
race in our analyses. Additional information on how to read this fig-
ure and descriptions of each node can be found in the Supplement.
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Centers for Medicare and Medicaid Services Carrier and 
Outpatient files. Vaccines were categorized into HDV (Flu-
zone High-Dose vaccine) and SDV (all other vaccines) 
(Online Resource 2). Only the first vaccine identified during 
the study period was included.

Covariates

We obtained beneficiaries’ age, sex, and location of resi-
dence from the MBSF. Beneficiaries were categorized into 
the following age groups according to their age at their index 
date of inclusion into the study cohort: 65–69 years, 70–74 
years, 75–79 years, 80–84 years, and 85 years or older.

Statistical Analysis

Measurement of HDV Receipt Disparities

We calculated the crude and age- and sex-standardized pro-
portion of non-Hispanic White and non-Hispanic Black ben-
eficiaries vaccinated with HDV in each racial group (e.g., 
proportion of Black beneficiaries vaccinated with HDV 
among Black beneficiaries vaccinated) at the national, state, 
and HRR level. Smaller than states, HRRs may serve as 
a more practical geographic unit to target interventions to 
reduce disparities. Differences in HDV receipt were meas-
ured as the pp difference in the proportion of individuals 
vaccinated with HDV between Black and White beneficiar-
ies. Positive differences in HDV receipt favoring White ben-
eficiaries were indicative of disparities, which by definition 
arise as differences that favor socially privileged groups [6].

To avoid issues of small cell-size and obtain stable estimates 
of differences in HDV receipt, we restricted our analyses to 
geographic units with at least 100 beneficiaries per covariate 
strata per racial group. As we standardized over sex and age 
(which consisted of 5 age categories), states and HRRs that 
have standardized estimates had a minimum population of 1000 
Black and 1000 White beneficiaries. The use of US county as 
a geographic unit of analysis was considered; however, sample 
sizes in the majority of counties were too small to support suf-
ficiently precise, valid estimates of differences in HDV receipt.

Direct Standardization

In order to calculate age- and sex-standardized estimates of 
differences in HDV receipt between White and Black benefi-
ciaries across different geographic units, we employed direct 
standardization [37]. Our estimates were standardized to a 
reference population represented by all community-dwelling 
beneficiaries in all geographic units included in the stand-
ardization. We calculated 95% confidence limits (CLs) for 
standardized differences using standard methods [38].

Stability Analyses

To assess the impact of standardizing by age and sex and 
stratifying our results by geographic units, we compared the 
median standardized difference in HDV receipt across states 
and HRRs from our primary analysis to the crude national 
difference among beneficiaries included in our analyses and 
a standardized national difference; estimated by standardiz-
ing the national White and Black populations to the overall 
population distribution of age and sex. Separately, we also 
standardized our estimates to the covariate distribution in 
the population of Black beneficiaries. Standardization to an 
overall population may produce estimates that differ sub-
stantially from those obtained from using a reference popu-
lation representing a socially marginalized population [39].

Software

Data were analyzed using SAS version 9.4 (SAS Institute, Inc., 
Cary, NC) and ArcMap 10.8 (ESRI, Redlands, California).

Results

National Study Cohort and Influenza Vaccination

The final study cohort consisted of 11,768,724 vaccinated 
non-Hispanic White and non-Hispanic Black Medicare ben-
eficiaries during the during the 2015–2016 influenza season 
(Online Resource 3). The cohort was predominantly White 
(11,099,096 White beneficiaries [94.3%] and 669,628 Black 
beneficiaries [5.7%]). The distribution of age and sex were 
similar across Black and White beneficiaries. Among Black 
beneficiaries, 427,294 (63.8%) were female compared to 
6,488,380 (58.5%) White beneficiaries. Black beneficiar-
ies were also slightly younger, with a median age of 74.5 
years compared to 75.5 years among White beneficiaries 
(Table 1). Across the whole cohort, 41.2% of Black ben-
eficiaries were vaccinated with HDV in contrast to 54.0% 
of White beneficiaries, for a national disparity of 12.8 pps.

Geospatial Analyses

We included 30 states and 54 HRRs after restricting to 
geographic units with sufficient sample sizes. Of the initial 
study cohort, 9,461,880 beneficiaries were included in the 
state analysis, and 4,700,522 were used in the HRR anal-
ysis. Compared to beneficiaries who were excluded from 
these analyses, the distributions of age and sex were similar 
(Online Resource 4).
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State Geographic Variation

The median crude disparity in HDV receipt between White 
and Black beneficiaries at the state level was 10.5 pps. After 
employing direct standardization for age and sex, the median 
disparity was 10.7 pps (Quartile 1, Quartile 3 (Q1, Q3), 8.7, 
13.5) (Table 2). States with either the largest or smallest 
differences were not concentrated in any specific region; 
however, lower overall HDV receipt among both White and 
Black beneficiaries was observed in more Southern states 
(Fig. 2 Online Resource 5). The District of Columbia had 
the largest standardized disparity (largest positive difference) 
measured at 25.6 pps (95% CLs, 24.1, 27.1). The state with 
the lowest standardized disparity (smallest positive differ-
ence) in HDV receipt was Kentucky at 2.9 pps (95% CLs, 
1.6, 4.1) (Online Resource 6).

Hospital Referral Region Geographic Variation

Among HRRs, the median crude disparity in HDV receipt 
between White and Black Medicare beneficiaries was 11.3 
pps. The median disparity after standardizing by age and sex 
was 11.6 pps (Q1, Q3, 8.0, 14.8) (Table 2). Wide geographic 
variation in disparities in HDV receipt was observed across 
HRRs, but differences did not appear to cluster in specific 
regional areas (Fig. 2). The largest disparity among HRRs 
was the HRR associated with Chicago, Illinois which had a 
disparity of 24.7 pps (95% CLs, 23.9, 25.6). The HRR asso-
ciated with Greenville, North Carolina had the smallest dif-
ference at 0.4 pps (95% CLs, −0.6, 1.3) (Online Resource 7).

Stability Analyses

We found that the median standardized disparities at the 
state and HRR levels were slightly smaller in magnitude 
compared to a national estimate (Online Resource 8). The 
use of an alternate reference population representing the 
distribution of age and sex only among Black beneficiaries 
did not meaningfully change inferences about which states 
or HRRs had the largest disparities in HDV receipt (Online 
Resource 9).

Discussion

In this nationally representative cohort study of community-
dwelling Medicare beneficiaries during the 2015–2016 influ-
enza season, we revealed substantial geographic variation 
in HDV receipt among vaccinated beneficiaries across both 
states and HRRs. Among vaccinated beneficiaries, Black 
beneficiaries were typically less likely than White benefi-
ciaries to receive HDV versus SDV in every state and HRR 
included in our study (one 95% CL included a negative dif-
ference, not indicative of a disparity). However, the mag-
nitudes of these differences ranged from no difference to 
differences in excess of 25 pps. These findings are highly rel-
evant due to the recent preferential recommendation of HDV 
for older adults during the 2022–2023 influenza season and 
highlight the need for localized policies and interventions, 
which may have the largest impact on the elimination of such 
disparities in vaccination. Future policies and interventions 

Table 1   Characteristics of 
community-dwelling non-
Hispanic White and non-
Hispanic Black traditional 
Medicare beneficiaries 
vaccinated against influenza, 
2015–2016 influenza season

Q1 quartile 1, Q3 quartile 3, % percentage
Note: the 2015–2016 influenza season was defined as July 1, 2015 to June 30, 2016. Vaccination status lev-
eraged data through June 30 to allow for sufficient time for vaccination status to be documented in adminis-
trative claims data
a Age was assigned when participants first became eligible to participate in the study cohort, either at the 
study start date, their 65th birthday, or when initiating coverage

Beneficiary characteristic White beneficiaries  
N = 11,099,096

Black beneficiaries  
N = 669,628

N or median % or Q1, Q3 N or median % or Q1, Q3

Agea, median (Q1, Q3), years 74.0 69.0, 81.0 73.0 68.0, 79.0
Age group, n (%)
  65–69 years 2,943,033 26.5 212,692 31.8
  70–74 years 2,748,316 24.8 167,063 24.9
  75–79 years 2,171,790 19.6 126,929 19.0
  80–84 years 1,592,483 14.3 84,866 12.7
  85+ years 1,643,474 14.8 78,078 11.7
Sex, n (%)
  Male 4,610,715 41.5 242,334 36.2
  Female 6,488,380 58.5 427,294 63.8



1525Journal of Racial and Ethnic Health Disparities (2024) 11:1520–1529	

1 3

Table 2   Crude and standardized incidence of and differences in high-
dose influenza vaccine receipt between community-dwelling non-His-
panic White and non-Hispanic Black traditional Medicare beneficiar-

ies vaccinated against influenza, by state and hospital referral region, 
2015–16 influenza season

SD standard deviation, Q1 Quartile 1, Q3 Quartile 3, HRR hospital referral region, Min minimum, Max maximum
Note: the 2015–2016 influenza season was defined as July 1, 2015 to June 30, 2016. Vaccination status leveraged data through June 30 to allow 
for sufficient time for vaccination status to be documented in administrative claims data. Analyses were restricted to states and Hospital Referral 
Regions with at least 100 beneficiaries per covariate strata per racial group. Standardized estimates were calculated via direct standardization 
using a reference population represented by all community-dwelling Medicare beneficiaries in all geographic units included in standardization. 
Percentage point differences were calculated as the proportion in age- and sex-standardized White beneficiaries vaccinated with high-dose vac-
cine (HDV) minus the proportion in age- and sex-standardized Black beneficiaries vaccinated with HDV, with positive differences indicative of a 
disparity in HDV receipt

Crude Age/sex-standardized

White vaccination 
(%)

Black vaccination 
(%)

Percentage point 
difference

White vaccination (%) Black vaccination (%) Percentage point 
difference

State (N = 30)
  Mean 53.42 41.97 11.44 53.41 41.94 11.47
  SD 6.68 6.84 4.50 6.67 6.79 4.42
  Median 54.22 41.62 10.50 54.24 41.68 10.71
  Q1, Q3 49.21, 57.91 35.02, 45.87 8.51, 13.38 49.12, 58.11 35.17, 45.80 8.67, 13.45
  Min, max 39.35, 65.02 31.05, 56.41 2.82, 26.08 39.25, 64.86 31.07, 56.23 2.86, 25.61
HRR (N = 54)
  Mean 52.64 41.26 11.38 52.67 41.22 11.45
  SD 8.69 8.47 5.44 8.66 8.44 5.40
  Median 54.22 40.73 11.33 54.22 40.70 11.57
  Q1, Q3 45.99, 59.19 34.95, 47.48 7.85, 14.97 46.42, 59.66 34.89, 47.49 7.96, 14.75
  Min, max 24.97, 65.66 24.58, 57.81 0.39, 24.54 24.89, 65.78 24.54, 57.50 0.35, 24.73

Fig. 2   Standardized disparities in high-dose influenza vaccine receipt 
between community-dwelling non-Hispanic White and non-Hispanic 
Black traditional Medicare beneficiaries vaccinated against influenza, 
by state and hospital referral region, 2015–2016 influenza season. 
Note: Panel B includes Hospital referral region boundaries in black 
and state boundaries in gray. Alaska, Hawaii, and Puerto Rico are not 
pictured as none met the minimum number of observations set by the 
eligibility criteria in any of the analyses. The 2015–2016 influenza 
season was defined as July 1, 2015 to June 30, 2016. Vaccination sta-
tus leveraged data through June 30 to allow for sufficient time for vac-
cination status to be documented in administrative claims data. Anal-

yses were restricted to states and hospital referral regions with at least 
100 beneficiaries per covariate strata per racial group. Standardized 
estimates were calculated via direct standardization using a reference 
population represented by all community-dwelling Medicare benefi-
ciaries in all geographic units included in standardization. Percentage 
point differences were calculated as the proportion in age- and sex-
standardized White beneficiaries vaccinated with high-dose vaccine 
(HDV) minus the proportion in age- and sex-standardized Black ben-
eficiaries vaccinated with HDV, with positive differences indicative of 
a disparity in HDV receipt
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should focus on reducing racial disparities in HDV receipt 
in geographic areas with the greatest inequities.

These findings extend knowledge about racial disparities 
in important ways. First, we leveraged the entire community-
dwelling traditional Medicare population to measure vaccine 
receipt using a large population-based database. Second, we 
constructed a causal DAG to help guide our analytic deci-
sions. Third, unlike prior work estimating racial disparities 
[40], we avoided adjusting for factors that could mask or 
underestimate disparities in HDV receipt. Finally, prior 
studies on racial disparities in HDV receipt exist; however, 
these estimates have only been presented at either national 
or regional levels [4, 16]. While our findings are generally 
consistent with published literature that reported greater dis-
parities in more urban areas (some of the greatest disparities 
were observed in small HRRs around dense urban centers 
including Chicago and the District of Columbia) we also 
reveal novel small-area geographic variation in these dispari-
ties that are targetable by interventions [4, 5]. These findings 
coincide with our prior work estimating racial disparities in 
influenza vaccination among nursing home residents, which 
also found the HRR associated with Chicago to have one of 
the largest disparities between Black and White residents 
[41]. Additionally, we found that the distribution of dispari-
ties was similar at the level of state and HRR; however, due 
to similarities in cartographic boundaries between states 
and HRRs, included beneficiaries could have contributed to 
both state- and HRR-level estimates of disparities which may 
have contributed to the observed concordant results. Further-
more, our findings reveal that state level estimates may mask 
more dramatic differences among smaller geographic units 
within states. An example of this phenomenon is North Car-
olina, which had a standardized difference in HDV receipt 
of 10.0 pps (95% CLs, 9.6, 10.4), but among HRRs within 
North Carolina, differences in HDV receipt ranged from the 
smallest difference observed in the study (0.4 pps) to one of 
the largest (18.6 pps) (Online Resources 6–7).

Disparities in the receipt of influenza vaccines have been 
well documented among older adults in the US [42–45]. Our 
study contributes to a growing knowledge base that reveals, 
even among older adults who do elect to get vaccinated, 
significant disparities exist in who receives a more effec-
tive vaccine (HDV) and where these disparities seem to be 
exacerbated the most. Future research should be directed 
at elucidating drivers of disparities in HDV receipt in geo-
graphic areas where disparities are greatest to inform future 
local interventions and policies. Drivers of geographic vari-
ation in HDV receipt disparities may range from individual 
characteristics such as comorbidities and health literacy to 
structural-level barriers such as access to providers [4, 31]. 
Further understanding how racial disparities in HDV receipt 
intersect with overall uptake is important, as interventions 
targeted to geographic areas with large disparities but low 

HDV uptake may serve to be particularly effective. In our 
study, for example, the HRR with the third largest dispar-
ity (Dallas, Texas; 20.7 pps) ranked 29th for HDV receipt 
among Black beneficiaries (41.2%), whereas the HRR with 
the second largest disparity (Milwaukee, Wisconsin, 24.0 
pps) had the fourth lowest receipt among Black beneficiar-
ies (24.5%) (Online Resource 7). Because all beneficiaries 
included in the study were vaccinated against influenza, fac-
tors such as vaccine hesitancy likely do not considerably 
explain the observed disparities. Also, the Fluzone High-
Dose vaccine, having been approved by the Food and Drug 
Administration in 2009 [46], was widely available during the 
study period and, like other SDV, covered by the Medicare 
Part B Supplemental Medical Insurance Benefit and thus 
available at no cost to beneficiaries. However, as Fluzone 
High-Dose was more expensive than other SDV offered dur-
ing the 2015–2016 influenza season [47], it is possible that 
individual providers in more disadvantaged areas may have 
been less likely to acquire and therefore administer HDV. 
This hypothesis is in part supported by a recent analysis 
that found greater disparities in HDV receipt among Medi-
care Advantage beneficiaries residing in counties with larger 
socially marginalized populations, and among beneficiaries 
who received their vaccinations at physician offices com-
pared to a pharmacy or medical facility [48]. The authors 
also noted that disparities were relatively greater among 
physicians who had administered HDV in the prior season, 
suggesting that provider characteristics may be an important 
driver of observed disparities.

Limitations

There are several limitations to our study. First, our analyses 
were restricted to traditional Medicare beneficiaries aged ≥ 
65 years, meaning our results may not be generalizable to 
beneficiaries who enrolled in Medicare through entitlements 
other than age or those enrolled in Medicare Advantage. 
However, a recent analysis of vaccination with HDV among 
beneficiaries enrolled in Medicare Advantage and commer-
cial health plans from 2014 to 2018 also found comparable 
disparities at the national level between Black and White 
older adults [48]. This indicates that existing financial incen-
tives for Medicare Advantage plans that may drive higher 
overall influenza vaccination among enrolled beneficiaries, 
particularly marginalized beneficiaries who also enroll in 
Medicare Advantage at higher rates compared to White ben-
eficiaries, may not have the same impact on what type of 
vaccine beneficiaries receive [49–51].

Second, because we restricted to geographic units that 
met specific sample size thresholds and included only vacci-
nated beneficiaries, we were unable to conduct our analyses 
at a smaller geographic unit (e.g., counties) that could poten-
tially reveal more granular small-area geographic variation. 



1527Journal of Racial and Ethnic Health Disparities (2024) 11:1520–1529	

1 3

Additionally, because of this restriction our results may not 
generalize to all states or HRRs; however, the geographic 
units included in our analyses are largely reflective of the 
geographic distribution of where Black Americans reside 
in the US [52].

Third, because our study was limited to one influenza 
season, we cannot determine how disparities in HDV receipt 
have changed over time, or how observed patterns of geo-
graphic variation in inequities may have shifted (particularly 
during the COVID-19 pandemic which has disproportion-
ately affected socially marginalized racial groups [53]). 
Other studies have revealed how disparities in influenza 
vaccination have continued to persist over time without sig-
nificant variation by season [5], and it plausible that HDV 
receipt disparities have persisted in a similar manner.

Finally, though we minimized the earlier mentioned 
selection effect potentially operating through pathways that 
included age and sex, we were not able to minimize the 
selection effect potentially operating through other path-
ways (i.e., vaccinated individuals and geographic units) 
given that the data necessary to do so was not completely 
available (e.g., we had no measure of other individual-level 
characteristics) [54, 55]. Furthermore, it is difficult to know 
whether such selection disadvantages the Black population 
with respect to vaccination type for the populations we stud-
ied, and whether our inability to minimize such selection 
resulted in a conservative estimate of the true disparity in 
HDV receipt. However, despite these limitations, this study 
is among the first to provide granular information on small-
area geographic variation in disparities in HDV receipt 
between non-Hispanic White and non-Hispanic Black Medi-
care beneficiaries.

Conclusions and Implications

Our study reveals considerable small-area geographic vari-
ation in racial disparities in HDV receipt between non-His-
panic White and non-Hispanic Black US Medicare benefi-
ciaries across both states and HRRs during the 2015–2016 
influenza season. These results should be leveraged by local 
policymakers and other stakeholders to address localized 
disparities in HDV receipt via the use of local interventions 
and policies targeted to high-disparity geographic areas. The 
use of such localized interventions may have equal if not 
larger effects than national policies, and advance progress 
towards achieving health equity in influenza vaccination.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40615-​023-​01628-z.

Author Contribution  J.B.B.S. participated in conceiving the study, 
data collection, data analysis, interpretation of the data, writing and 

critical revision of the manuscript for important intellectual content, 
and final approval of the manuscript submitted. A.R.Z., C.J.H., M.M.L, 
R.v.A, and G.P., participated in conceiving the study, interpretation of 
the data, critical revision of the manuscript for important intellectual 
content, and final approval of the manuscript submitted. All authors, 
participated in interpreting results, providing critical revisions, and 
final approval of the manuscript submitted.

Funding  This Brown University collaborative research was supported 
by Sanofi. A.R.Z was also supported by National Institute on Aging 
grants [R01AG065722 and R21AG061632]. L.X. and G.P. report 
receiving grants from Sanofi.

Data Availability  The data that support the findings of this study are 
available from the Centers for Medicare and Medicaid Services but 
restrictions apply to the availability of these data, which were used 
under license for the current study, and so are not publicly avail-
able. Data are, however, available from the authors upon reasonable 
request and with permission of the Centers for Medicare and Medicaid 
Services.

Declarations 

Ethics Approval  The study was approved by the Brown University 
Institutional Review Board and the need for informed consent was 
waived due to the use of deidentified data.

Competing Interests  R.v.A. and M.M.L. are employed by Sanofi and 
may hold shares and/or stock options in the company. No other authors 
report potential conflicts of interest.

Role of the Funder  The study Funder was not responsible for concep-
tualizing the study design, acquiring or analyzing the data, or prepar-
ing the initial manuscript draft. Employees of the Funder (R.v.A and 
M.M.L) contributed by interpreting results, providing critical revisions, 
and final approval of the manuscript submitted.

References

	 1.	 CfDCa P. Estimates of deaths associated with seasonal influenza 
--- United States, 1976-2007. MMWR Morb Mortal Wkly Rep. 
2010;59(33):1057–62.

	 2.	 Grohskopf LA, Alyanak E, Ferdinands JM, et al. Prevention and 
control of seasonal influenza with vaccines: recommendations of 
the advisory committee on immunization practices, United States, 
2021-22 Influenza Season. MMWR Recomm Rep. 2021;70(5):1–
28. https://​doi.​org/​10.​15585/​mmwr.​rr700​5a1.

	 3.	 Wilkinson K, Wei Y, Szwajcer A, et al. Efficacy and safety of 
high-dose influenza vaccine in elderly adults: a systematic review 
and meta-analysis. Vaccine. 2017;35(21):2775–80. https://​doi.​org/​
10.​1016/j.​vacci​ne.​2017.​03.​092.

	 4.	 Mahmud SM, Xu L, Hall LL, et al. Effect of race and ethnicity on 
influenza vaccine uptake among older US Medicare beneficiaries: a 
record-linkage cohort study. Lancet Health Longev. 2021;2(3):e143–
53. https://​doi.​org/​10.​1016/​S2666-​7568(20)​30074-X.

	 5.	 Bardenheier BH, Baier RR, Silva JB, et al. Persistence of racial 
inequities in receipt of influenza vaccination among nursing home 
residents in the United States. Clin Infect Dis. 2021;73(11):e4361–
8. https://​doi.​org/​10.​1093/​cid/​ciaa1​484.

	 6.	 Braveman P. What are health disparities and health equity? We 
need to be clear. Public Health Rep. 2014;129(Suppl 2):5–8. 
https://​doi.​org/​10.​1177/​00333​54914​1291s​203.

https://doi.org/10.1007/s40615-023-01628-z
https://doi.org/10.15585/mmwr.rr7005a1
https://doi.org/10.1016/j.vaccine.2017.03.092
https://doi.org/10.1016/j.vaccine.2017.03.092
https://doi.org/10.1016/S2666-7568(20)30074-X
https://doi.org/10.1093/cid/ciaa1484
https://doi.org/10.1177/00333549141291s203


1528	 Journal of Racial and Ethnic Health Disparities (2024) 11:1520–1529

1 3

	 7.	 Cook BL, McGuire TG, Zaslavsky AM. Measuring racial/ethnic 
disparities in health care: methods and practical issues. Health 
Serv Res. 2012;47(3 Pt 2):1232–54. https://​doi.​org/​10.​1111/j.​
1475-​6773.​2012.​01387.x.

	 8.	 Groeneveld PW, Sonnad SS, Lee AK, Asch DA, Shea JE. Racial 
differences in attitudes toward innovative medical technology. J 
Gen Intern Med. 2006;21(6):559–63. https://​doi.​org/​10.​1111/j.​
1525-​1497.​2006.​00453.x.

	 9.	 Oh SS, Galanter J, Thakur N, et al. Diversity in clinical and 
biomedical research: a promise yet to be fulfilled. PLoS Med. 
2015;12(12):e1001918. https://​doi.​org/​10.​1371/​journ​al.​pmed.​
10019​18.

	10.	 Jones CP. Invited commentary: “race,” racism, and the practice 
of epidemiology. Am J Epidemiol. 2001;154(4):299–304; dis-
cussion 305-6. https://​doi.​org/​10.​1093/​aje/​154.4.​299.

	11.	 Bailey ZD, Feldman JM, Bassett MT. How structural racism 
works - racist policies as a root cause of U.S. Racial Health 
Inequities. N Engl J Med. 2021;384(8):768–73. https://​doi.​org/​
10.​1056/​NEJMm​s2025​396.

	12.	 Feagin J, Bennefield Z. Systemic racism and U.S. health care. 
Soc Sci Med. 2014;103:7–14. https://​doi.​org/​10.​1016/j.​socsc​
imed.​2013.​09.​006.

	13.	 Latkin CA, Dayton L, Yi G, Konstantopoulos A, Boodram B. 
Trust in a COVID-19 vaccine in the U.S.: a social-ecological 
perspective. Soc Sci Med. 2021;270:113684. https://​doi.​org/​10.​
1016/j.​socsc​imed.​2021.​113684.

	14.	 Powell W, Richmond J, Mohottige D, Yen I, Joslyn A, Corbie-
Smith G. Medical mistrust, racism, and delays in preventive 
health screening among African-American men. Behav Med. 
2019;45(2):102–17. https://​doi.​org/​10.​1080/​08964​289.​2019.​
15853​27.

	15.	 Gilstad-Hayden K, Durante A, Earnshaw VA, Rosenthal L, Icko-
vics JR. Association of influenza vaccine uptake with health, 
access to health care, and medical mistreatment among adults 
from low-income neighborhoods in New Haven, CT: a clas-
sification tree analysis. Prev Med. 2015;74:97–102. https://​doi.​
org/​10.​1016/j.​ypmed.​2015.​02.​008.

	16.	 Hall LL, Xu L, Mahmud SM, Puckrein GA, Thommes EW, 
Chit A. A map of racial and ethnic disparities in influenza 
vaccine uptake in the medicare fee-for-service program. 
Adv Ther. 2020;37(5):2224–35. https://​doi.​org/​10.​1007/​
s12325-​020-​01324-y.

	17.	 States TDAoHCitU. Appendix on the geography of health care 
in the United States. 1999. https://​data.​dartm​outha​tlas.​org/​
downl​oads/​metho​ds/​geoga​ppdx.​pdf

	18.	 Berger T. Places of persistence: slavery and the geogra-
phy of intergenerational mobility in the United States. 
Demography. 2018;55(4):1547–65. https://​doi.​org/​10.​1007/​
s13524-​018-​0693-4.

	19.	 Richardson LD, Norris M. Access to health and health care: how 
race and ethnicity matter. Mt Sinai J Med. 2010;77(2):166–77. 
https://​doi.​org/​10.​1002/​msj.​20174.

	20.	 Nunn R, Parsons J, Shambaugh J. Nine Facts about State and 
Local Policy, vol. 31; 2019. p. 2019. https://​www.​brook​ings.​edu/​
resea​rch/​nine-​facts-​about-​state-​and-​local-​policy/

	21.	 Jackson JW, Hsu Y-J, Greer RC, Boonyasai RT, Howe CJ. The 
observational target trial: a conceptual model for measuring dis-
parity. arXiv preprint arXiv:220700530. 2022.

	22.	 CMS. Master Beneficiary Summary File (MBSF) LDS. https://​
www.​cms.​gov/​Resea​rch-​Stati​stics-​Data-​and-​Syste​ms/​Files-​for-​
Order/​Limit​edDat​aSets/​MBSF-​LDS

	23.	 ResDAC. Find, request and use CMS data. https://​www.​resdac.​org/
	24.	 Black CL, Williams WW, Arbeloa I, et al. Trends in influenza and 

pneumococcal vaccination among US nursing home residents, 
2006-2014. J Am Med Dir Assoc. 2017;18(8):735.e1–735.e14. 
https://​doi.​org/​10.​1016/j.​jamda.​2017.​05.​002.

	25.	 Bardenheier B, Shefer A, Ahmed F, Remsburg R, Rowland Hogue 
CJ, Gravenstein S. Do vaccination strategies implemented by nurs-
ing homes narrow the racial gap in receipt of influenza vaccina-
tion in the United States? J Am Geriatr Soc. 2011;59(4):687–93. 
https://​doi.​org/​10.​1111/j.​1532-​5415.​2011.​03332.x.

	26.	 Lochner KA, Wynne MA, Wheatcroft GH, Worrall CM, Kelman 
JA. Medicare claims versus beneficiary self-report for influenza 
vaccination surveillance. Am J Prev Med. 2015;48(4):384–91. 
https://​doi.​org/​10.​1016/j.​amepre.​2014.​10.​016.

	27.	 Jaiswal J, Halkitis PN. Towards a more inclusive and dynamic 
understanding of medical mistrust informed by science. Behav 
Med. 2019;45(2):79–85. https://​doi.​org/​10.​1080/​08964​289.​2019.​
16195​11.

	28.	 U.S.Religious Landscape Survey. 2008. https://​www.​pewre​search.​
org/​wp-​conte​nt/​uploa​ds/​sites/7/​2013/​05/​report-​relig​ious-​lands​
cape-​study-​full.​pdf

	29.	 VanderWeele TJ, Robinson WR. On the causal interpretation of 
race in regressions adjusting for confounding and mediating vari-
ables. Epidemiology. 2014;25(4):473–84. https://​doi.​org/​10.​1097/​
ede.​00000​00000​000105.

	30.	 Jackson JW. Meaningful causal decompositions in health equity 
research: definition, identification, and estimation through a 
weighting framework. Epidemiology. 2021;32(2):282–90. https://​
doi.​org/​10.​1097/​ede.​00000​00000​001319.

	31.	 Schmid P, Rauber D, Betsch C, Lidolt G, Denker ML. Barriers 
of influenza vaccination intention and behavior - a systematic 
review of influenza vaccine hesitancy, 2005 - 2016. PloS One. 
2017;12(1):e0170550. https://​doi.​org/​10.​1371/​journ​al.​pone.​01705​
50.

	32.	 Howe CJ, Bailey ZD, Raifman JR, Jackson JW. Recommendations 
for using causal diagrams to study racial health disparities. Am J 
Epidemiol. 2022; https://​doi.​org/​10.​1093/​aje/​kwac1​40.

	33.	 Miguel A, Hernan R, James M. Causal inference: what if. CRC 
Press; 2023.

	34.	 Smedley A, Smedley BD. Race as biology is fiction, racism as a 
social problem is real: anthropological and historical perspectives 
on the social construction of race. Am Psychol. 2005;60(1):16–26. 
https://​doi.​org/​10.​1037/​0003-​066x.​60.1.​16.

	35.	 Filice CE, Joynt KE. Examining race and ethnicity information 
in medicare administrative data. Med Care. 2017;55(12):e170–6. 
https://​doi.​org/​10.​1097/​mlr.​00000​00000​000608.

	36.	 Bailey ZD, Krieger N, Agénor M, Graves J, Linos N, Bassett MT. 
Structural racism and health inequities in the USA: evidence and 
interventions. Lancet. 2017;389(10077):1453–63. https://​doi.​org/​
10.​1016/​s0140-​6736(17)​30569-x.

	37.	 Rothman K, Greenland S, Lash TL. Modern epidemiology. 3rd 
ed. Lippincott Williams & Wilkins; 2008.

	38.	 Rosner B. Fundamentals of biostatistics. 7th ed. Boston: Brooks/
Cole, Cengage Learning, [2011] ©2011; 2011.

	39.	 Thurber KA, Thandrayen J, Maddox R, et al. Reflection on mod-
ern methods: statistical, policy and ethical implications of using 
age-standardized health indicators to quantify inequities. Int J 
Epidemiol. 2021; https://​doi.​org/​10.​1093/​ije/​dyab1​32.

	40.	 Webb NS, Dowd-Arrow B, Taylor MG, Burdette AM. Racial/
ethnic disparities in influenza vaccination coverage among US 
adolescents, 2010-2016. Public Health Rep. 2018;133(6):667–76. 
https://​doi.​org/​10.​1177/​00333​54918​805720.

	41.	 Silva JBB, Howe CJ, Jackson JW, et al. Geospatial distribution 
of racial disparities in influenza vaccination in nursing homes. 
JAMDA. 2023; Under Review.

	42.	 Okoli GN, Abou-Setta AM, Neilson CJ, Chit A, Thommes E, 
Mahmud SM. Determinants of seasonal influenza vaccine uptake 
among the elderly in the United States: a systematic review and 
meta-analysis. Gerontol Geriatr Med. 2019;5:2333721419870345.

	43.	 Chen JY, Diamant A, Pourat N, Kagawa-Singer M. Racial/ethnic 
disparities in the use of preventive services among the elderly. Am 

https://doi.org/10.1111/j.1475-6773.2012.01387.x
https://doi.org/10.1111/j.1475-6773.2012.01387.x
https://doi.org/10.1111/j.1525-1497.2006.00453.x
https://doi.org/10.1111/j.1525-1497.2006.00453.x
https://doi.org/10.1371/journal.pmed.1001918
https://doi.org/10.1371/journal.pmed.1001918
https://doi.org/10.1093/aje/154.4.299
https://doi.org/10.1056/NEJMms2025396
https://doi.org/10.1056/NEJMms2025396
https://doi.org/10.1016/j.socscimed.2013.09.006
https://doi.org/10.1016/j.socscimed.2013.09.006
https://doi.org/10.1016/j.socscimed.2021.113684
https://doi.org/10.1016/j.socscimed.2021.113684
https://doi.org/10.1080/08964289.2019.1585327
https://doi.org/10.1080/08964289.2019.1585327
https://doi.org/10.1016/j.ypmed.2015.02.008
https://doi.org/10.1016/j.ypmed.2015.02.008
https://doi.org/10.1007/s12325-020-01324-y
https://doi.org/10.1007/s12325-020-01324-y
https://data.dartmouthatlas.org/downloads/methods/geogappdx.pdf
https://data.dartmouthatlas.org/downloads/methods/geogappdx.pdf
https://doi.org/10.1007/s13524-018-0693-4
https://doi.org/10.1007/s13524-018-0693-4
https://doi.org/10.1002/msj.20174
https://www.brookings.edu/research/nine-facts-about-state-and-local-policy/
https://www.brookings.edu/research/nine-facts-about-state-and-local-policy/
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets/MBSF-LDS
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets/MBSF-LDS
https://www.cms.gov/Research-Statistics-Data-and-Systems/Files-for-Order/LimitedDataSets/MBSF-LDS
https://www.resdac.org/
https://doi.org/10.1016/j.jamda.2017.05.002
https://doi.org/10.1111/j.1532-5415.2011.03332.x
https://doi.org/10.1016/j.amepre.2014.10.016
https://doi.org/10.1080/08964289.2019.1619511
https://doi.org/10.1080/08964289.2019.1619511
https://www.pewresearch.org/wp-content/uploads/sites/7/2013/05/report-religious-landscape-study-full.pdf
https://www.pewresearch.org/wp-content/uploads/sites/7/2013/05/report-religious-landscape-study-full.pdf
https://www.pewresearch.org/wp-content/uploads/sites/7/2013/05/report-religious-landscape-study-full.pdf
https://doi.org/10.1097/ede.0000000000000105
https://doi.org/10.1097/ede.0000000000000105
https://doi.org/10.1097/ede.0000000000001319
https://doi.org/10.1097/ede.0000000000001319
https://doi.org/10.1371/journal.pone.0170550
https://doi.org/10.1371/journal.pone.0170550
https://doi.org/10.1093/aje/kwac140
https://doi.org/10.1037/0003-066x.60.1.16
https://doi.org/10.1097/mlr.0000000000000608
https://doi.org/10.1016/s0140-6736(17)30569-x
https://doi.org/10.1016/s0140-6736(17)30569-x
https://doi.org/10.1093/ije/dyab132
https://doi.org/10.1177/0033354918805720


1529Journal of Racial and Ethnic Health Disparities (2024) 11:1520–1529	

1 3

J Prev Med. 2005;29(5):388–95. https://​doi.​org/​10.​1016/j.​amepre.​
2005.​08.​006.

	44.	 Bryant WK, Ompad DC, Sisco S, et al. Determinants of influ-
enza vaccination in hard-to-reach urban populations. Prev 
Med. 2006;43(1):60–70. https://​doi.​org/​10.​1016/j.​ypmed.​
2006.​03.​018.

	45.	 Wan TTH, Lin YL, Ortiz J. Variations in influenza and pneumonia 
immunizations for medicare beneficiaries served by rural health 
clinics. J Prim Prev. 2017;38(4):403–17. https://​doi.​org/​10.​1007/​
s10935-​017-​0468-5.

	46.	 Centers for Disease Control and Prevention (CDC). Licensure of a 
high-dose inactivated influenza vaccine for persons aged >or=65 
years (Fluzone High-Dose) and guidance for use - United States, 
2010. MMWR Morb Mortal Wkly Rep. 2010;59(16):485–6.

	47.	 Seasonal Influenza Vaccines Pricing (2023).
	48.	 Mahmud SM, Pabla G, Righolt CH, Loiacono MM, Thommes 

E, Chit A. What explains racial/ethnic inequities in the uptake of 
differentiated influenza vaccines? Prev Med. 2022;163:107236. 
https://​doi.​org/​10.​1016/j.​ypmed.​2022.​107236.

	49.	 Meyers DJ, Mor V, Rahman M, Trivedi AN. Growth in medicare 
advantage greatest among Black And Hispanic enrollees. Health 
Aff (Millwood). 2021;40(6):945–50. https://​doi.​org/​10.​1377/​hltha​
ff.​2021.​00118.

	50.	 Johnston KJ, Hammond G, Meyers DJ, Joynt Maddox KE. Associ-
ation of race and ethnicity and medicare program type with ambu-
latory care access and quality measures. JAMA. 2021;326(7):628–
36. https://​doi.​org/​10.​1001/​jama.​2021.​10413.

	51.	 Stuart B, Loh FE, Kamal-Bahl S, et al. Financial incentives tied 
to Medicare star ratings: impact on influenza vaccination uptake 
in Medicare beneficiaries. Am J Manag Care. 2022;28(6):273–80. 
https://​doi.​org/​10.​37765/​ajmc.​2022.​89154.

	52.	 Rastogi S, Johnson TD, Hoeffel EM, Drewery MP. The Black 
population: 2010. United States Census Beureau; 2011.

	53.	 Richard-Eaglin A, Muirhead L, Webb M, Randolph SD. A syn-
demic effect: interrelationships between systemic racism, health 
disparities, and COVID-19. Nursing. 2022;52(1):38–43. https://​
doi.​org/​10.​1097/​01.​NURSE.​00008​03424.​08667.​c6.

	54.	 Hernán MA, Hernández-Díaz S, Robins JM. A structural approach 
to selection bias. Epidemiology. 2004;15(5):615–25. https://​doi.​
org/​10.​1097/​01.​ede.​00001​35174.​63482.​43.

	55.	 Shen AK, Warnock R, Selna W, MaCurdy TE, Chu S, Kelman 
JA. Characteristics of vaccinating providers reported through 
Medicare claims in office-based settings: volume of influenza and 
pneumococcal vaccinations. Vaccine. 2020;38(1):15–9. https://​
doi.​org/​10.​1016/j.​vacci​ne.​2019.​10.​029.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.amepre.2005.08.006
https://doi.org/10.1016/j.amepre.2005.08.006
https://doi.org/10.1016/j.ypmed.2006.03.018
https://doi.org/10.1016/j.ypmed.2006.03.018
https://doi.org/10.1007/s10935-017-0468-5
https://doi.org/10.1007/s10935-017-0468-5
https://doi.org/10.1016/j.ypmed.2022.107236
https://doi.org/10.1377/hlthaff.2021.00118
https://doi.org/10.1377/hlthaff.2021.00118
https://doi.org/10.1001/jama.2021.10413
https://doi.org/10.37765/ajmc.2022.89154
https://doi.org/10.1097/01.NURSE.0000803424.08667.c6
https://doi.org/10.1097/01.NURSE.0000803424.08667.c6
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://doi.org/10.1016/j.vaccine.2019.10.029
https://doi.org/10.1016/j.vaccine.2019.10.029

	Geographic Variation in Racial Disparities in Receipt of High-Dose Influenza Vaccine Among US Older Adults
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study Design and Data Sources
	Study Population
	Conceptual Framework
	Comparison: Membership in a Marginalized versus Privileged Racial Group
	Outcome: High-Dose Influenza Vaccination
	Covariates
	Statistical Analysis
	Measurement of HDV Receipt Disparities
	Direct Standardization
	Stability Analyses
	Software


	Results
	National Study Cohort and Influenza Vaccination
	Geospatial Analyses
	State Geographic Variation
	Hospital Referral Region Geographic Variation
	Stability Analyses


	Discussion
	Limitations

	Conclusions and Implications
	References


