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Effect of race and ethnicity on influenza vaccine uptake
among older US Medicare beneficiaries: a record-linkage
cohort study

Salaheddin M Mahmud, Liou Xu, Laura Lee Hall, Gary Puckrein, Edward Thommes, Matthew M Loiacono, Ayman Chit

Summary

Background Seasonal influenza vaccine (SIV) uptake among US adults aged 65 years or older remains suboptimal and
stagnant. Further, there is growing concern around racial and ethnic disparities in uptake. We aimed to assess racial
and ethnic disparities in overall SIV and in high-dose vaccine (HDV) uptake among Medicare beneficiaries during the
2015-16 influenza season and sought to identify possible mediators for observed disparities.

Methods We did a historical record-linkage cohort study using Medicare (a US national health insurance programme)
databases, which included all older adults (=65 years) enrolled in Medicare during the study period (July 1, 2015, to
June 30, 2016). We excluded beneficiaries of Medicare Part C (managed care offered by private companies), and
residents of long-term care facilities. The primary outcome was SIV receipt during the study period, classified into
receipt of HDV and standard-dose vaccines (SDVs, representing all other SIVs). SIV uptake probabilities were
estimated using competing-risk survival analysis methods. Mediation analyses were done to investigate potential
mediators of the association between race and ethnicity and uptake.

Findings During the study period, of 26-5 million beneficiaries in the study cohort, 47-4% received a SIV, 52-7% of
whom received HDV. Compared with white beneficiaries (49-4%), Hispanic (29-1%), Black (32-6%), and Asian
(47 - 6%) beneficiaries were less likely to be vaccinated and, when vaccinated, were less likely to receive HDV (37-8%
for Hispanic people, 41-1% for Black people, and 40-3% for Asian people, compared with 53 -8% of white people who
received HDV). Among those vaccinated, after accounting for region, income, chronic conditions, and health-care
use, minority groups were 26-32% less likely to receive HDV, relative to white people (odds ratio [OR] 0-68 [95% CI
0-68-0-69] for Black people; OR 0-71 [0-71-0-72] for Asian people; and OR 0-74 [0-73-0-74] for Hispanic people).

Interpretation Substantial racial and ethnic disparities in SIV uptake among Medicare beneficiaries aged 65 years or
older are evident. New legislative, fiscal, and educational strategies are urgently needed to address these inequities.

Funding Sanofi Pasteur.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

In the USA, annual administration of a seasonal
influenza vaccine (SIV) is recommended for people at
high risk of serious illness and death due to influenza,
including all adults aged 65 years or older, who
account for most influenza-related deaths and hospital
admissions.' However, SIV uptake among this age group
remains suboptimal, levelling off at approximately 65%
since 1998.2* Concern is also growing about racial
and ethnic disparities in SIV uptake. In a meta-
analysis in 2019, we found that community-dwelling
(non-institutionalised) Black and Hispanic adults aged
65 years or older had consistently lower SIV uptake than
white adults, with pooled relative risk estimates of 0-60
(95% CI 0-49-0-73) for Black adults and 0-69 (95% CI
0-53-0-89) for Hispanic adults.* However, the reviewed
studies had substantial limitations, including reliance
upon self-reported vaccination history, thus increasing
the chance of recall and social desirability bias.*
Furthermore, it is unclear whether these disparities in

uptake are the result of racial and ethnic differences in
attitudes towards vaccination, which are known to be
important determinants of SIV uptake, or the result of
structural and systemic differences in access to high-
quality vaccination services.*

The high-dose vaccine (HDV; Fluzone high-dose, Sanofi
Pasteur, Swiftwater, PA, USA), a trivalent, inactivated,
unadjuvanted SIV containing 60 pg of haemagglutinin
per vaccine virus strain, was licensed in 2009 for adults
aged 65 years or older as an alternative to the standard-
dose vaccine (SDV), which contains only 15 pg of
haemagglutinin per strain.’ In both immunogenicity and
clinical efficacy trials, HDV was superior to trivalent SDV
in this age group, probably because of its ability to elicit
a stronger immune response in immunosenescent
individuals.* HDV, although widely used in the USA is
not preferentially recommended for adults aged 65 years
or older, with the choice between HDV or SDV
administration left to the individual and their health-care
provider. This scenario provided a unique opportunity to
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Articles

Research in context

Evidence before this study

Seasonal influenza vaccine (SIV) uptake among adults aged
65 years or older in the USA remains suboptimal, and there is
growing concern about racial and ethnic disparities in uptake.
In 22019 meta-analysis, we found that community-dwelling
(non-institutionalised) Black and Hispanic adults aged 65 years
or older are consistently less likely to receive a SIV than white
adults of the same age range. We searched MEDLINE, Embase,
CINAHL, and Scopus bibliographic databases for population-
based clinical trials or observational studies that investigated
determinants of influenza vaccine uptake, published between
Jan1, 2000, and Dec 31, 2017, in English (search terms used are
provided in the appendix pp 4-5), and included those studies
that were done in community-based older individuals

(=65 years) in the USA or Canada, irrespective of health status.
However, the reviewed studies had substantial limitations,
including reliance upon self-reported vaccination history, thus
increasing the chance of recall and social desirability bias.
Furthermore, it is unclear whether disparities in uptake are the
result of racial and ethnic differences in attitudes towards
vaccination or the result of structural and systemic differences
in access to high-quality vaccination services.

Added value of this study
The availability of high-dose vaccines (HDVs) alongside
standard-dose influenza vaccines in the USA, two types of

explore racial and ethnic disparities in the receipt of a
novel, more effective product (ie, HDV), compared with
SDV, as both products have the same indication as well as
financial incentives, as there are no out-of-pocket
expenses for receipt of either vaccine.!

We aimed to use de-identified Medicare data to assess
racial and ethnic disparities in the receipt of HDV
among community-dwelling Medicare beneficiaries
aged 65 years or older who received a SIV during the
2015-16 influenza season. We also used mediation
analysis to identify possible mediators for any observed
disparities and assessed racial and ethnic disparities in
the receipt of any SIV.

Methods
Study design and participants
We did a historical record-linkage cohort study. The
sociodemographic and medical determinants of SIV and
HDV uptake in this cohort have been previously detailed.”
In this Article, we focus on analysing racial and ethnic
disparities with two approaches: a time-to-event (survival)
analysis of all beneficiaries to assess racial and ethnic
disparities in the receipt of any SIV; and a logistic
regression analysis, limited to beneficiaries who received
a SIV, to measure racial and ethnic disparities in the
receipt of HDV.

We included all beneficiaries in Medicare during the
study period of July 1, 2015, to June 30, 2016, thereby

influenza vaccines with the same indication and financial
incentives, created a unique opportunity to explore disparities
in SIV uptake. In addition to identifying substantial inequities in
overall SIV uptake by race and ethnicity among US Medicare
beneficiaries aged 65 years or older, we further showed that
these inequities persist even among those who received, and
presumably wanted, influenza vaccination, with minority
groups having been significantly less likely to receive a novel,
more effective product (ie, HDV). By limiting part of the analysis
to people who were vaccinated, we effectively ruled out several
often-cited justifications for inequities in vaccine uptake, such
as higher amounts of vaccine hesitancy and distrust of public
institutions among minority groups, living circumstances

(eg, homelessness), or limited physical access to preventive
services.

Implications of all the available evidence

In our study, substantial racial and ethnic disparities in SIV
uptake among Medicare beneficiaries aged 65 years and older
in the USA were evident, and these disparities even persisted
among those who were vaccinated. New legislative, fiscal, and
educational strategies are urgently needed to address these
inequities.

spanning the 2015-16 influenza season, who were aged
65 years and older at the study start date. We excluded
beneficiaries of Medicare Part C, known as Medicare
Advantage (managed care offered by private companies),
because their information is not captured in Centers for
Medicare and Medicaid Services' (CMS) databases, and
residents of long-term care facilities, because both their
probability of vaccination and their vaccine choices are
probably determined by facility policies. The study
population formed a dynamic cohort; participants
entered the cohort on either the study start date
(July 1, 2015), the date coverage was initiated, or their
65th birthday. They exited the cohort on either the date of
death, date of termination of coverage, study end date
(June 30, 2016), date of admission to a long-term care
facility, or date of SIV administration. To ensure a
sufficient follow-up time, we excluded participants who
had less than 3 months of coverage.

The study was approved by the CMS privacy board. As
a retrospective study, there was no formal involvement of
patients and the public in this study; therefore written
informed consent was not required.

Procedures

Medicare is a US Federal health insurance programme
that provides free or subsidised coverage for inpatient
hospital and hospice care (Part A) to more than 55 million
beneficiaries, including 98% of US adults aged 65 years
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White Black Asian Hispanic Other*

Total 22490403 (86-1%) 2054934 (7-9%) 535452 (2-1%) 454920 (1.7%) 573165 (2:2%)
Age, years

65-74 12570995 (55-9%) 1252236 (60-9%) 296489 (55-4%) 260203 (57-2%) 347955 (60-7%)

>75 9919408 (44-1%) 802698 (39-1%) 238963 (44-6%) 194717 (42-8%) 225210 (39-3%)
Gender

Women 12613991 (56-1%) 1213499 (59:1%) 320782 (59-9%) 258814 (56-9%) 298550 (52-1%)

Men 9876412 (43-9%) 841435 (40-9%) 214670 (40-1%) 196106 (43-1%) 274 615 (47-9%)
Region

Northeast 4200097 (18-7%) 323062 (15-7%) 93914 (17-5%) 69797 (15:3%) 89816 (157%)

Midwest 5333064 (23-7%) 360056 (17-5%) 46401 (87%) 33612 (7-4%) 72446 (12-6%)

South 8694878 (38-7%) 1208701 (58-8%) 110631 (20:7%) 169777 (37-3%) 147067 (25:7%)

West 4187681 (18-6%) 144943 (71%) 275372 (51-4%) 170258 (37-4%) 254822 (44-5%)

US territories 74683 (0-3%) 18172 (0-9%) 9134 (1-7%) 11476 (2:5%) 9014 (1-6%)
Resides in a rural area 5258873 (23-4%) 293853 (14:3%) 13240 (2:5%) 38719 (8:5%) 93297 (16-3%)
Receives Part D low-income 2500404 (11-1%) 675655 (32:9%) 294382 (55-0%) 303113 (66-6%) 128472 (22-4%)
subsidy
Has a chronic condition 15555539 (69-2%) 1453298 (70-7%) 368377 (68-8%) 293656 (64-6%) 385315 (67-2%)
Number of hospital admissions

0 19315846 (85-9%) 1731795 (84-3%) 482402 (90-1%) 393303 (86:5%) 508176 (88-7%)

1 2212132 (9-8%) 206115 (10-0%) 37274 (7-0%) 40350 (8-9%) 44988 (7-8%)

>2 962425 (4-3%) 117024 (5:7%) 15776 (2:9%) 21267 (47%) 20001 (3-5%)
Number of emergency room visits

0 17671657 (78-6%) 1502068 (73-1%) 457481 (85-4%) 350090 (77-0%) 475215 (82:9%)

1 3264848 (14-5%) 336373 (16-4%) 56062 (10-5%) 66410 (14-6%) 66296 (11-6%)

>2 1553898 (6-9%) 216493 (10-5%) 21909 (4-1%) 38420 (8-4%) 31654 (5-5%)
Number of physician visits

<2 6337577 (28-2%) 744786 (36-2%) 191485 (35-8%) 208413 (45-8%) 203266 (35:5%)

3-5 4876737 (21.7%) 424230 (20-6%) 110870 (20-7%) 77093 (16:9%) 127 412 (22:2%)

6-10 5632833 (25:0%) 457 403 (22:3%) 116 812 (21-8%) 82043 (18%) 129295 (22:6%)

>10 5643256 (25-1%) 428515 (20-9%) 116285 (21.7%) 87371 (19-2%) 113192 (19-7%)
Number of Part D prescriptions

0 8515059 (37-9%) 810551 (39-4%) 157 807 (29:5%) 146574 (322%) 253621 (44-2%)

1-10 2488085 (11-1%) 181675 (8-8%) 70379 (13-1%) 52046 (11-4%) 70035 (12-2%)

11-30 5522032 (24-6%) 410422 (20%) 133421 (24-9%) 93272 (20-5%) 123732 (21-6%)

>30 5965227 (26-5%) 652286 (31-7%) 173845 (32:5%) 163028 (35-8%) 125777 (21-9%)
Intensity of health-care service use

Crisis 138163 (0-6%) 24698 (1-2%) 3547 (0-7%) 4200 (0-9%) 3999 (0.7%)

Heavy 1607431 (7-1%) 175743 (8-6%) 27697 (52%) 33990 (7:5%) 34066 (5:9%)

Moderate 3228627 (14-4%) 284035 (13-8%) 55562 (10-4%) 64309 (14-1%) 62904 (11-0%)

Light 5625099 (25-0%) 429225 (20-9%) 111879 (20-9%) 85048 (18:7%) 124247 (21.7%)

Low 11891083 (52:9%) 1141233 (55:5%) 336767 (62:9%) 267373 (58-8%) 347949 (60:7%)

Data are n (%). *Other included Native Hawaiian and Other Pacific Islanders and people of mixed race.

Table 1: Baseline characteristics by race and ethnicity, 2015-16

or older, as well as younger people with disabilities
and patients with end-stage renal disease.*™ More than
96% of beneficiaries are also enrolled in Medicare Part B,
which covers medically necessary clinician services and
other outpatient services, whereas about 70% are also
enrolled in Part D, which provides prescription drug
coverage.” Both Part B and D charge premiums and all
parts entail additional out-of-pocket expenses owing to
required co-payments and deductibles.

Person-level data on health service use for all Medicare
beneficiaries was obtained from the CMS." The CMS’s
Master Beneficiary Summary File contains demographic
information (including race and place of residence) and
enrolment status in each Medicare programme part, and
flags existing chronic conditions (defined using the CMS’s
Chronic Condition Data Warehouse case definitions).”
It also contains an encrypted beneficiary identification
number that can be used to link to the Medicare carrier
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Figure: Causal diagram used to guide model fitting and interpretation

Directed acyclic graph generated using Dagitty, version 3.0. Code for reproducing the diagram is listed in the appendix (pp 2-3). We considered all vaccination
determinants, except gender, as mediators of the effect of race and ethnicity on vaccine uptake, because race and ethnicity are the antecedent cause of all these
factors within our causal framework. This notion implies that none of these factors can be considered a confounder of the association between race and ethnicity and
vaccine uptake. Grey-coloured variables were not measured in this study. Only relevant causal links are shown. HDV=high-dose vaccine.

files and Medicare outpatient files, which provide
information on all claims submitted for physician and
nursing services provided in ambulatory and hospital
outpatient settings. These files include information on
the nature and date of provided services, coded using
the Current Procedural Terminology, and on diagnoses,
coded using the tenth edition of the International
Classification of Diseases." Hospital admission
information was obtained from the cost and utilisation
segment of the Master Beneficiary Summary File.

Outcomes

The primary outcome was the first receipt of a SIV during
the study period. Subsequent records of SIV vaccination
were excluded (n=46233; about 0-2% of all vaccination
records captured). SIV administration was identified
using Current Procedural Terminology codes as recorded
in the CMS carrier and outpatient files. We classified STVs
into HDV (Fluzone high-dose) and SDV (all other SIVs).

Race is a social, rather than biological, construct,
deeply rooted in historical and contemporary economic
and political power differentials within society. The CMS
routinely gathers beneficiary race and ethnicity
information in accordance with an Office of Management
and Budget directive.” Neither concept was defined
explicitly by this directive, but the term race refers to self-
reported (when applying for a social security number)
geographical origin, whereas ethnicity refers to whether
someone is Hispanic. There were five racial categories in
the CMS: white (having origins in Europe, the Middle
East, or North Africa); Black (having origins in any of the
Black racial groups of Africa); American Indian or Alaska
Native (having origins in the original peoples of North
and South America, and maintaining tribal affiliation or
community attachment); Asian (having origins in the Far
East, southeast Asia, or the Indian subcontinent); and
Native Hawaiian or Other Pacific Islander (having origins
in Hawaii or other Pacific Islands).” In all analyses, we
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All participants

Uptake probability

Percentage high-dose vaccine

Any High-dose vaccine  Standard-dose vaccine

Overall 26466244 (100-0%) 12557232 (47-4%) 6613247 (25-0%) 5943985 (22-4%) 52:7%
Age, years

65-74 15062729 (56-9%) 6550534 (43-5%) 3518669 (23-4%) 3031865 (20-1%) 53-8%

=75 11403515 (43-1%) 6006698 (52:7%) 3094578 (27-1%) 2912120 (25-5%) 51-4%
Gender

Women 14834747 (56-1%) 7343323 (49-5%) 3824653 (25-8%) 3518670 (23.7%) 52:1%

Men 11631495 (43:9%) 5213908 (44-8%) 2788594 (24-0%) 2425314 (20-9%) 53-6%
Race or ethnicity

White 22490404 (85-0%) 11100020 (49-4%) 5988474 (26:6%) 5111546 (22:7%) 53-8%

Black 2054934 (7-8%) 670797 (32:6%) 275971 (13-4%) 394826 (19-2%) 411%

Asian 535452 (2:0%) 254805 (47-6%) 103058 (19-2%) 151747 (28:3%) 403%

Hispanic 454921 (1.7%) 132170 (29-1%) 50263 (11-0%) 81907 (18-0%) 37-8%

Other* 573165 (2-2%) 248506 (43-4%) 112556 (19-6%) 135950 (23-7%) 45-2%
Region

Northeast 4868072 (18-4%) 2471160 (50-8%) 1260686 (25:9%) 1210474 (24-9%) 51.0%

Midwest 5923190 (22-4%) 2891825 (48-8%) 1604877 (27-1%) 1286948 (21-7%) 55-5%

South 10438678 (39-4%) 4943052 (47-4%) 2555044 (24-5%) 2388008 (22-9%) 51.7%

West 5112420 (19:3%) 2234476 (437%) 1188317 (232%) 1046159 (20-5%) 53-1%

US territories 123884 (0-5%) 16719 (13-5%) 4323 (3:5%) 12396 (10-0%) 25.9%
Residence

Urban 20714927 (78-3%) 10045128 (485%) 5474295 (26-4%) 4570833 (22:1%) 54-4%

Rural 5751317 (21:7%) 2512104 (43:7%) 1138952 (19-8%) 1373152 (23-9%) 45-3%
Receives Part D low-income subsidy

Yes 3957214 (15-0%) 1524076 (38:5%) 564917 (14-3%) 959159 (24-2%) 37-1%

No 22509030 (85:0%) 11033156 (49%) 6048330 (26:9%) 4984826 (221%) 54.9%
Has a chronic condition

Yes 18250011 (69-0%) 9857004 (54.0%) 5030020 (27-6%) 4826984 (26-4%) 511%

No 8216233 (31-0%) 2700228 (32:9%) 1583227(19-3%) 1117001 (13-6%) 58.7%
Number of hospital admissions

0 22760645 (86-0%) 10762114 (47-3%) 5770179 (254%) 4991935 (21-9%) 53:7%

1 2562198 (9-7%) 1288416 (50-3%) 624877 (24-4%) 663539 (25:9%) 48.5%

22 1143401 (4-3%) 506702 (44-3%) 218191 (19-1%) 288511 (25:2%) 431%
Number of outpatient emergency room visits

0 20768473 (78:5%) 9676596 (46:6%) 5200039 (25:0%) 4476557 (21-6%) 53-6%

1 3824399 (14-5%) 1960069 (51-3%) 989390 (25:9%) 970679 (25-4%) 50-5%

>2 1873372 (7-1%) 920567 (49-1%) 423818 (22:6%) 496749 (26:5%) 46-0%
Number of physician visits

<2 7821959 (29-6%) 1983977 (25-4%) 1044820 (13-4%) 939157 (12:0%) 52-8%

35 5701368 (21-5%) 2815407 (49-4%) 1538079 (27:0%) 1277328 (22:4%) 54:7%

6-10 6495851 (24-5%) 3715403 (57-2%) 1985949 (30-6%) 1729454 (26-6%) 535%

>10 6447066 (24-4%) 4042445 (62:7%) 2044399 317%) 1998046 (31-0%) 50-6%

(Table 2 continues on next page)

used the combined race and ethnicity groupings provided
by the CMS (table 1), except for grouping Native Hawaiian
and Other Pacific Islanders with people of mixed race as

Other, because of their small numbers.

To explore regional differences, we assigned participants
to one of five US census bureau regions: northeast,
midwest, south, west, and US territories, and to either an
urban or rural area using the CMS’s rural area definition
(postcode [zip code] that is mostly non-metropolitan).*

health-care service use:

We used two approaches to measure the intensity of
(1) the number of inpatient
admissions, outpatient emergency room visits, physician
visits, and Part D prescriptions in 2015; and (2) overall use
cost categorised based on the percentiles of the total annual
Medicare expenditures in 2015 into five groups: crisis
(99th percentile), heavy (90th to 98th percentiles), moderate
(75th to 89th percentiles), light (50th to 74th percentiles),
and low consumption (st to 49th percentiles)."”
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All participants Uptake probability Percentage high-dose vaccine
Any High-dose vaccine  Standard-dose vaccine
(Continued from previous page)
Number of Part D prescriptions
0 10022110 (37-9%) 3607843 (36%) 1903379 (19:0%) 1704464 (17%) 52-8%
1-10 2927459 (11-1%) 1299968 (44-4%) 753649 (25:7%) 546319 (187%) 57:9%
11-30 6373719 (24-1%) 3602608 (56:5%) 2020422 (317%) 1582186 (24-8%) 56-1%
>30 7142956 (27-0%) 4046813 (56:7%) 1935797 (27-1%) 2111016 (29-6%) 47-8%
Intensity of health-care service use
Crisis 176104 (0-7%) 64145 (36-4%) 22626 (12-8%) 41519 (23-6%) 352%
Heavy 1892168 (7-1%) 904916 (47-8%) 390736 (20-7%) 514180 (27-2%) 43-3%
Moderate 3727310 (14-1%) 2069866 (55:5%) 1026447 (27-5%) 1043419 (28:0%) 49-5%
Light 6446762 (24-4%) 3757489 (583%) 1999395 (31-0%) 1758094 (27:3%) 53-2%
Low 14223900 (53-7%) 5760816 (40-5%) 3174043 (223%) 2586773 (18-2%) 55-1%
Data are n (%) unless specified. *Other included Native Hawaiian and Other Pacific Islanders and people of mixed race.
Table 2: Uptake of the influenza vaccine by vaccine type and sociodemographic and clinical characteristics, 2015-16

Statistical analysis

We estimated the probability of receiving any SIV during
the 2015-16 season using competing-risk survival analysis
methods, with death and transfer to a long-term care
facility as competing risks. Unlike standard survival
analysis methods, this approach does not assume that
these competing events are independent.” We used Cox
models to estimate hazard ratios (HRs) and 95% ClIs for
the association between race and ethnicity and SIV.*
We did mediation analyses using the Baron—Kenny
framework (figure),” according to a prespecified causal
diagram (a directed acyclic graph).” In our directed acyclic
graph, which was developed during a consultation session
with experts and stakeholders (Nov 19, 2017), we treated
race as an antecedent cause (ie, preceding cause) of most
other vaccine uptake determinants, such as age, region of
residence, income (measured using Part D low-income
subsidy as a proxy), chronic diseases, and patterns of
health-care use (ie, we consider these factors mediators
rather than confounders of race’s effect on vaccine
uptake). Using the Baron-Kenny decomposition, we
verified that race and ethnicity was correlated with SIV
uptake and with the mediator variables, which are also
correlated with SIV uptake.”

In analyses restricted to recipients of a SIV, we used
logistic regression models to estimate odds ratios (ORs)
and 95% Cls for the association between race and
receipt of HDV (vs SDV). To assess effect modification,
we tested for multiplicative interactions between race
and several vaccination determinants, including age,
gender, region of residence, income, chronic conditions,
and patterns of health-care use using likelihood ratio
tests.” All analyses were done using SAS, version 9.4.

Role of the funding source
The funder of the study reviewed both the study protocol
and final manuscript, but had no role in study design,

data collection, data analysis, data interpretation, or
writing of the report.

Results

Between July 1, 2015, and June 30, 2016, we included
26-5 million beneficiaries who met all inclusion criteria
in our cohort. White people, representing 86-1% of the
cohort, were more likely to be aged 75 years or older,
compared with Black and Hispanic people (table 1).
Women comprised a higher proportion of the Black
(59-1%) and Asian beneficiaries (59-9%) than the white
(56-1%) and Hispanic beneficiaries (56-9%). A larger
proportion of white people (23 -4%) resided in rural areas
relative to all other racial and ethnic minority groups.
Fewer Hispanic people had a documented chronic
disease (64-6%) than other groups (range 67-2-70-7%).
A higher proportion of Asian people had no hospital
admissions during the study period (90-1%) compared
with other groups (range 84-3-88.7%). Fewer Asian
people also visited an emergency room (10-5% had one
visit, 4-1% had =2), but a higher proportion had at least
one Part D prescription filled (70-5% had =1 or more
filled).

Across the cohort, 47-4% of participants received a SIV
and, of those, 52-7% received the HDV (table 2). Women
were more likely to have been vaccinated (49-5% vs 44-8%
for men) but were slightly less likely to have received the
HDV (52-1% vs 53-6% for men). Compared with white
people (49-4%), Hispanic (29-1%), Black (32:6%), and
Asian (47-6%) people were less likely to have been
vaccinated, and for those who were vaccinated, less likely
to have received the HDV (37-8% for Hispanic people,
41-1% for Black people, and 40-3% for Asian people
compared with 53-8% for white people). Similarly, rural
residents were less likely to have received a SIV (21-7%)
and, for those who were vaccinated, less likely to have
received the HDV (45-3%), compared with urban
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Any seasonal influenza vaccine

High-dose vaccine (vs standard dose)

Crude HR Adjusted HR*

Adjusted HRT

Crude OR Adjusted OR* Adjusted ORt

Aged =75 years
(vs 65-74 years)

Women (vs men)

133(133-133)  1:31(131-131)

114 (1-14-1-14)

Race or ethnicity (vs white)

113 (1-13-113)

Black 0-58 (0-58-0-58)  0-59 (0-58-0-59)  0-66 (0-66-0-66)  0-60(0-59-0-60)  0-59 (0-59-0-60)  0-68 (0-68-0-69)
Asian 100 (1-00-1-01) 1.00 (0-99-1-:00)  1-23 (1-22-1-23) 058 (0-58-0-58)  0-58(0-58-0-59)  0-71(0:71-0-72)
Hispanic 0-52 (0-51-0-52) 0-52 (0-51-0-52) 0-70 (0-70-0-71) 0-52 (0-52-0-53) 0-52 (0-52-0-53) 0-74 (0-73-0-74)
Othert 0-84(0-84-0-85)  0-86(0-85-0-86)  0-99(0-99-0-99)  0:71(0:70-0-71) 0-70 (0-70-0-71) 0-73 (0:72-0-74)
Residesinaruralarea  0-85(0-85-0-85) - 0-90 (0-89-0-90) 0-69 (0-69-0-69) 0-66 (0-66-0-67)
(vs urban)
Region (vs northeast)
Midwest 0-94 (0-94-0-94) 1.03 (1-03-1-03) 120 (119-1-20) 1.24 (1-24-1-25)
South 0-90 (0-90-0-90) 0-96 (0-95-0-96) 1-03 (1:02-1-03) 1-09 (1-08-1-09)
West 0-82 (0-82-0-82) 0-91 (0-91-0-91) 1.09 (1-09-1-09) 112 (112-1-12)
US territories 0-21 (0-20-0-21) 0-29 (0-29-0-30) 0-33 (0-32-0-35) 0-34 (0:32-0-35)
Receives Part D low- 074 (0-74-074) 0-71 (0-71-0-71) 0-49 (0-48-0-49) 0-57 (0-57-0-58)

income subsidy (vs no
subsidy)
Has a chronic

condition (vs no
chronic condition)

1.92(1.92-1-93)

Number of hospital admissions (vs 0)

1 1.10 (1-10-1-11)
=2 0-96 (0-95-0-96)
Number of emergency room visits (vs 0)
1 114 (1-14-1-14)
) 1.09 (1-09-1-09)
Number of physician visits (vs 0)
35 2:25 (2:24-2:25)
6-10 2-80 (2:80-2:81)
>10 3:32(3-31-3-32)
Number of Part D prescriptions (vs 0)
1-10 1-29 (1-29-1-30)
11-30 1-82 (1-82-1-82)
>30 1-86 (1-86-1-86)
Intensity of health-care service use (vs moderate)
Crisis 0-60 (0-59-0-60)
Heavy 0-83(0-83-0-83) (
Light 1.06 (1-06-1-06) (
Low 0-64 (0-64-0-64)

Data are HR (95% Cl) or OR (95% Cl), as specified. HRs derive from Cox regression models of the entire cohort and ORs from a logistic regression model of vaccinated
individuals. HR=hazard ratio. OR=odds ratio. *Derives from a model adjusted for age and gender. tDerives from a model adjusted for age, gender, region of residence,
income, chronic conditions, and patterns of health-care use. $Other included Native Hawaiian and Other Pacific Islanders and people of mixed race.

122 (122-1-22)

1.08 (1-08-1.08)

129 (1-28-1-29)

088 (0-88-0-88)
079 (0-79-0-80)

0-94 (0-94-0-95)
0-90 (0-89-0-90)

1.85 (1.84-1.85)
218 (2:17-218)
255 (2:54-2-55)

138 (1.38-1-38)
1.52 (1.52-1.53)
1.55 (1-55-1-56)

071 (0-71-0-72)
0-92 (0-92-0-93) 077
1.03 (1.03-1.03)

0-98 (0-98-0-99)

0-92(0-92-0-92)  0-91(0-91-0-91)  0-97 (0-96-0-97)

0-95(0-94-0-95) 0-95 (0-95-0-96) 0-96 (0-96-0-96)

0-73 (0-73-0-74) 0-81(0-81-0-81)

0-82 (0-81-0-82)
0-65 (0-65-0-66)

1.02 (1-02-1:03)
1.01 (1-01-1-02)

0-88(0-87-0-88)
073 (0-73-0-74)

0-98 (0:98-0-99)
0-95 (0-95-0-95)

1.08 (1-:08-1-09)
1.03 (1:03-1.04)
0-92 (0-92-0-93)

1.05 (1-05-1-06)
1.05 (1:05-105)
1.04 (1-04-1-04)

124 (1.23-124)
114 (114-1-15)
0-82 (0-82-0-82)

119 (1-18-1-19)
1-19 (1-19-1-20)
1.05 (1-04-1-05)

0-55 (0-54-0-56) 0-59 (0-58-0-60)

(077-0.78) 079 (0-79-0-80)

116 (1.15-116) . 110 (110-111)
(

(
125 (1-24-1-25) 113 (1-12-1-13)

Table 3: Associations between seasonal influenza vaccine uptake and sociodemographic and clinical characteristics, 2015-16

residents. People with chronic diseases were more likely
to have been vaccinated (54-0% vs 32-9% for those
without a chronic diagnosis), but less likely to have
received the HDV (51-1% vs 58-7% for those without a
chronic diagnosis). More frequent physician visits were
associated with a greater likelihood of receiving a SIV,
but not with receiving the HDV. A crisis level or heavy
level of health-care use was associated with a lower
likelihood of receiving a SIV and the HDV. Low-level

health-care use was also associated with a low SIV
uptake (40-5%).

Racial and ethnic disparities in SIV uptake persisted
even after accounting for differences in age and gender
(table 3); Hispanic people (48%; HR 0-52 [95% CI
0-51-0-52]) and Black people (41%; HR 0-59 [0-58-0-59])
were less likely to have been vaccinated than white
people. In the mediation analysis, the gap narrowed to
30% (adjusted HR 0-70 [95% CI 0-70—0-71]) for Hispanic
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Black

Asian

Hispanic

Other*

Age group, years

65-74 0-67 (0-66-0-67)
>75 070 (0-70-0-71)

Gender

Women 0-65 (0-64-0-66)
Men 0-70 (0-70-0-71)

Residence

Urban 0-68 (0-68-0-68)
Rural 0-71(0:70-0-72)

Region

Northeast 0-73 (0:72-0-74)

Midwest 0-60 (0-59-0-60)
South 0-71(0:70-0-71)

West 0-67 (0-66-0-69)

US territories 0-57 (0-50-0-65)

Receives low-income subsidy

0-73 (0.72-0-74)
0-70 (0-69-0-70)

071(0:70-071)
072 (0:71-0-73)

0-71(0-70-0-71)
1.07 (1-02-1-13)

0-70 (0-69-0-71)
0-91 (0-88-0-93)
1:04 (1-02-1-06)
0-58 (0-57-0-59)
0-38 (0:33-0-45)

0-73 (0-72-0-74)
0-71(0:70-0-72)

0-87 (0-85-0-89)
0-68 (0-68-0-69)

0-71(0-71-0-72)
0-71(0-69-0-73)
072 (0-69-0.76)

0:71(0:70-0-72)
074 (0-72-0.76)
075 (0-72-0.78)

1.00 (0-98-1-02)
0-79 (0-78-0-81)
0-69 (0-68-0-70)
0-56 (0-55-0-57)

075 (0:73-076)
0-81(0:79-0-82)
077 (0-76-0-78)
0-64 (0-63-0-65)

0-55 (0-48-0-62

Yes 0-67 (0-66-0-67)
No 073 (0-73-0:74)
Has a chronic condition

Yes 075 (074-076)
No 0-67 (0-67-0-68)
Number of hospital admissions

0 0-70 (0-69-0-70)
1 0-64 (0-63-0-65)
=2 0-58 (0-57-0-60)
Number of outpatient emergency room visits
0 0-69 (0-68-0-69)
1 0-68 (0-67-0-69)
=2 0-67 (0-66-0-68)
Number of physician visits

<2 0-66 (0-65-0-66)
35 0-69 (0-68-0-69)
6-10 0-68 (0-67-0-69)
>10 0-70 (0-69-0-71)
Number of Part D prescriptions

0 0-67 (0-67-0-68)
1-10 0-67 (0-66-0-69)
11-30 0-67 (0-66-0-68)
>30 0-70 (0-70-0-71)
Intensity of health-care service use
Crisis 0-39 (0-36-0-41)
Heavy 0-48 (0-47-0-49)

Moderate 0-68 (0-68-0-69)
Light 0-71 (0-70-0-71)
Low 0-72 (0-72-0-73)

Data are odds ratio (95% Cl), estimated via a logistic regression model adjusted for age, gender, region of residence,
income, chronic conditions, and patterns of health-care use. All odds ratios were estimated using white participants as

)
0-60 (0-58-0-63)
0-68 (0-67-0-70)
067 (0-66-0-68)
076 (0-75-0-77)

072 (0:71-0-73)
076 (0-74-0-77)

072 (0:71-0-73)
0-75 (0-74-0-76)

0-73 (0-72-0-74)
0-85 (0-82-0-89)

0-69 (0-67-0-70)
079 (0-76-0-82)
077 (0:76-0.79)
0-70 (0-69-0-71)
0-93 (0-82-1-05)
0-69 (0-67-0-70)
0-76 (0-75-0-77)

079 (0-77-0-81)
073(0-72-073)

0-75 (0:74-0-76)
0-68 (0-66-0-71)
0-61(0-58-0-64)

074 (0-73-075)
073(0-71-0-75)
074(0-72-077)

073(0-71-0-75)
074 (0-73-076)
0-75(073-076)
0-72 (0-71-0-74)

0-69 (0-67-0-71)
071 (0-68-0-74)
074 (072-076)
075 (0-74-0-77)

0-36 (0-30-0-42)
0-54 (0-52-0-56)
0-73 (0-72-0-75)
076 (0-74-078)
077 (0-76-0-78)

073 (0:72-0-74)
073 (0:72-0-74)

074 (0-73-0-75)
0-72 (0-72-0-73)

0-76 (0-75-0-76)
0-58 (0-56-0-59)

0-82 (0-80-0-83
0-82 (0-80-0-84
0-86 (0-85-0-87
0-60 (0-60-0-61
0-43 (0-37-0-50)

)
)
)
)

0-74 (0-73-0-75)
0-69 (0-67-0-70)

0-82 (0-80-0-83)
071 (0:70-0-72)

0-74 (0-73-0-74)
071 (0-69-0-73)
0-66 (0-63-0-69)

0-73(0-72-074)
0-75(0-73-0-76)
0-72 (0-70-0-75)

0-88 (0-87-0-90)
0-73 (0-71-0-74)

0-69 (0-68-0-70)
0-69 (0-68-0-70)

0-68 (0-67-0-69)
076 (0.75-078)
078 (077-0-79)
073(0-72-074)

0-58 (0-52-0-66)
0-61 (0-59-0-63)
0-74 (0-72-0-75)
072 (0.71-0-73)
075 (0-74-076)

the reference group. All likelihood ratio tests for interaction yielded p<0-05. *Other included Native Hawaiian and

Other Pacific Islanders and people of mixed race.

Table 4: Association between race and ethnicity and high-dose vaccine uptake stratified by
sociodemographic and clinical characteristics, 2015-16

people and 34% (adjusted HR 0-66 [0-66-0-66]) for
Black people after additionally accounting for region of
residence, income, chronic conditions, and patterns of
health-care use (full model), suggesting that these factors
might partly mediate, but not fully, the effect of race on
SIV uptake.

In the full model, the strongest predictors of SIV
uptake were having more than ten physician visits
(HR 2-55[95% CI 2-54-2-55]), followed by filling more
than 30 prescriptions (HR 1-55 [1-55-1-56]), and having
a chronic condition (HR 1-29 [1-28-1-29]). By contrast,
more frequent hospital admissions and emergency room
visits were associated with lower vaccine uptake, as were
receiving a low-income subsidy (HR 0-71 [95% CI
0-71-0-71]) and residing in rural areas (HR 0-90
[0-89-0-90]) or in the west region (HR 0-91[0-91-0-91]).

In the analyses limited to individuals who were
vaccinated (table 3), all minority groups were 30—48% less
likely than white people to have received the HDV, even
after adjusting for age and gender (adjusted OR 0-59
[95% CI 0-59-0-60] for Black people; adjusted
OR 0-58 [0-58-0-59] for Asian people; and adjusted OR
0-52 [0-52-0-53] for Hispanic people). Similar to overall
SIV uptake, the gap narrowed to 26-32% after additonally
accounting for region, income, chronic conditions, and
patterns of health-care use (adjusted OR 0-68 [95% CI
0-68-0-69] for Black people; adjusted OR 0-71[0-71-0-72]
for Asian people; and adjusted OR 0-74 [0-73-0-74] for
Hispanic people). This finding suggested that these factors
might partly mediate, but not fully, the effect of race on
HDV uptake. In the full model (which included terms for
race and ethnicity), the strongest predictors of HDV uptake
were receiving a low-income subsidy (adjusted OR 0-57
[95% CI 0-57-0-58] vs receiving no subsidy), residing in
rural areas (adjusted OR 0-66 [0-66-0-67] vs residing in
urban areas) or in the Midwest (adjusted OR 1-24
[1-24-1-25] vs the northeast), and having a chronic
condition (adjusted OR 0-81 [0-81-0-81] vs not having a
chronic condition). Frequency of hospital admissions and
physician visits were not significantly associated with
HDV uptake among individuals who were vaccinated.

The effect modification analysis (table 4; all ORs were
estimated using white participants as the reference
group) showed that for Black and Hispanic people,
disparities in HDV vaccine uptake were more marked for
those aged 65-74 years, women, urban dwellers,
recipients of low-income subsidies, and for people who
were more frequently admitted to hospital. Black women
were 35% (adjusted OR 0-65 [95% CI 0-64-0-66]) less
likely to receive an HDV than white women, whereas
Black men were 30% (adjusted OR 0-70 [0-70-0-71]) less
likely to receive an HDV than white men. Among Black
people, more frequent physician visits were associated
with a higher uptake of HDV and therefore a narrower
gap compared with HDV uptake in white people. Among
Asian people, urban residence was associated with lower
uptake of HDV and therefore a wider gap compared with
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uptake in white people. For all minority groups, having
an existing chronic condition was associated with higher
HDV uptake and therefore a narrower HDV uptake gap
compared with white people, whereas higher intensity of
service use was linearly associated with a wider gap.
Results from the effect modification analysis for receipt
of SIV are shown in the appendix (p 1).

Discussion

We found that people from racial and ethnic minority
groups were significantly less likely than white people to
receive seasonal influenza vaccines during the 2015-16
season. This finding is not novel; in a 2019 meta-analysis,*
we found evidence of similar levels of disparities
(30-40%) among Black and Hispanic people compared
with white people, dating back to 2000.* Our analysis,
however, strengthens the evidence base because, unlike
previous studies, we included the entire non-
institutionalised US Medicare population (other than
Medicare Advantage beneficiaries), and measured
vaccine receipt using large population-based databases,
thus avoiding sampling, social desirability, and non-
response biases associated with surveys and self-reports
of vaccine receipt.

This study also adds several novel and important
findings arising from the rare opportunity afforded by the
availability of two vaccines with the same indication and
financial incentives, carrying similar recommendations
from the Advisory Committee on Immunization
Practices.' First, we found racial and ethnic disparities in
the uptake of a novel, more effective vaccine (HDV) even
among people who received, and presumably wanted,
influenza vaccination. These disparities, which were
starker than disparities in SIV uptake, were observed in
all minority groups, including Asian people, who had
similar influenza vaccination rates to white people, which
only further solidified within a few years after the
introduction of the HDV vaccine. By limiting the analysis
to people who were vaccinated, we were able to rule out
several often-cited justifications for inequities in vaccine
uptake, such as higher amounts of vaccine hesitancy
and distrust of public institutions among minority
groups, living circumstances (eg, homelessness), or
limited physical access to preventive services.”

Another important finding was that these disparities in
uptake could not be fully explained by ethnic differences
in age, gender, place of residence, Medicare status,
pre-existing chronic diseases, intensity of health-care
use, or region. Every person in our cohort had Part A and
Part B Medicare coverage and, through modelling, we
believe that we adequately accounted for racial and ethnic
differences in sociodemographic and health-care use
patterns, and for chronic diseases, which were associated
with lower HDV uptake. The lower HDV uptake among
people with chronic diseases was unexpected, as chronic
disease is an indication for HDV use; further research is
needed to confirm and explain this finding.

Taken together, these findings are alarming, because
they point to a level of disparity in vaccine uptake that can
hamper efforts to reduce the health and economic burdens
of influenza, which remain substantial despite decades of
intense public health efforts. From 2010-20, an estimated
9-3-45.0 million illnesses, 140000-810000 hospital
admissions, and 1200061000 deaths have been attributed
to influenza, with adults aged 65 years or older
representing the majority of those affected.* Influenza
burden is higher for Black people aged 65 years or older
who tend to have higher rates of chronic conditions.”
Therefore, it is disheartening that this group has lower
vaccination levels, even when compared with the already
suboptimal levels among white older adults. Worse, we
found that racial and ethnic disparities were compounded
by gender, income, and regional disparities. Women,
people on low incomes, and urban dwellers, who
constituted a higher proportion of people of minority
groups were less likely to receive a SIV. These findings are
a worrying prediction for our ability to effectively use any
future COVID-19 vaccines to control a pandemic that has
disproportionately affected Black people and other
minority groups.”

Racial and ethnic inequities in health-care are pervasive
and persistent; similar disparities have been observed for
receipt of other vaccines, as well as other preventive
measures, including cancer and hypertension screening.”
Our findings point to structural deficits systematically
hampering access to influenza vaccination.* Although it
is possible that in some cases individuals from minority
groups might have lower health literacy, greater
difficulties in navigating the health-care system, or life
circumstances that make it difficult to seek essential
preventive services, these causes are themselves driven
by deeply ingrained and often subtle systemic prejudices
and discriminatory policies and practices.” Internalised
and interpersonal racism influencing interactions with
health-care providers are other possible mechanisms.”
The effects of clinicians’ resources, working conditions,
and of budgeting and resource allocation mechanisms at
regional, state, and federal levels are also not well
understood. New legislative, fiscal, educational, and
research strategies are urgently needed to address
vaccine uptake inequities.

Race and ethnicity are contested concepts, and attempts
at measuring them are fraught with conceptual and
practical difficulties.®” To operationalise the concepts
of race and ethnicity, we used the definitions and
classifications used by the CMS and other federal agencies,
despite their limitations. Undoubtedly, these categories do
not capture the true extent of disadvantage in society,
suggesting that gaps in vaccine uptake are likely to be
wider for some subgroups; thus, our findings might
understate the extent of racial and ethnic inequalities in
vaccine uptake. Similarly, using a different approach to
identify rural areas® might reveal different patterns of
inequality.
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For the dataset see https://
www.cms.gov/Research-
Statistics-Data-and-Systems/
CMS-Information-Technology/
AccesstoDataApplication

10

By relying solely on CMS data, it is almost certain that
we underestimated the degree of vaccine uptake, as
some vaccinations (eg, those administered during public
health mass vaccination campaigns) might not have been
captured in the CMS database. The extent to which SIV
uptake is under-ascertained might vary between racial
and ethnic groups, as it is possible that some groups are
more likely to get vaccinated through public health mass
vaccination campaigns and other programmes that are
not included in the CMS database. However, there is no
reason to suspect that the extent to which HDV uptake is
under-ascertained in those captured in the CMS database
varies by race and ethnicity.

Our findings might not be generalisable to influenza
seasons in other years (for practical reasons, including
data availability, we were unable to access data for more
recent years). However, the pattern of inequities we
described here has been remarkably constant since at
least the late 1990s (eg, all four studies in a 2019 review
showed 20-50% lower SIV uptake among Black people?)
and, sadly, there is no reason to believe that the economic
and social drivers of inequities have diminished in the
past few years, as highlighted by poorer outcomes among
minority groups during the COVID-19 pandemic.*" To
our knowledge, the 2015-16 SIV programme was not
managed any differently from previous or subsequent
programmes up to the present.

In our causal model, race and ethnicity was treated as an
antecedent cause of most socioeconomic and medical
determinants of vaccine uptake, such as income and
chronic diseases, and therefore it cannot be confounded by
these factors. However, our mediation analyses might have
been biased by inaccurate measurement of these variables
(eg, the variable low-income subsidy is an imperfect
proxy for household income). We also did not have any
information on other potential important mediators—eg,
local availability of SDV and HDV, beneficiary immigration
status, and English proficiency, as well as characteristics of
their health-care providers such as providers’ knowledge
and attitudes about vaccines, intentions to discuss
available options, and behavioural tendencies. Research
has shown that providers’ recommendations are influential
in their client's decision making process.” Finally, our
results might not be generalisable to all Medicare
beneficiaries (eg, Medicare Advantage beneficiaries and
those who do not have Part B and D coverage).

In the 2015-16 season, older adults from minority
groups were less likely than white older adults to receive
a SIV and, when vaccinated, were also less likely to
receive the HDV. Inequities could not be fully explained
by differences in sociodemographic factors, vaccine
indications, and health-care use patterns. New legislative,
fiscal, educational, and research strategies are urgently
needed to address vaccine uptake inequities.
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