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ABSTRACT

Introduction: Despite improved understanding
of the risks of influenza and better vaccines for
older patients, influenza vaccination rates
remain subpar, including in high-risk groups
such as older adults, and demonstrate signifi-
cant racial and ethnic disparities.
Methods: This study considers demographic,
clinical, and geographic correlates of influenza
vaccination among Medicare Fee-for-Service
(FFS) beneficiaries in 2015–2016 and maps the
data on a geographic information system (GIS)
at the zip code level.
Results: Analyses confirm that only half of the
senior beneficiaries evidenced a claim for
receiving an inactivated influenza vaccine (IIV),

with significant disparities observed among
black, Hispanic, rural, and poorer beneficiaries.
More extensive disparities were observed for the
high-dose (HD) vaccine, with its added protec-
tion for older populations and confirmed eco-
nomic benefit. Most white beneficiaries received
HD; no non-white subgroup did so. Mapping of
the data confirmed subpar vaccination in vul-
nerable populations with wide variations at the
zip code level.
Conclusion: Urgent and targeted efforts are
needed to equitably increase IIV rates, thus
protecting the most vulnerable populations
from the negative health impact of influenza as
well as the tax-paying public from the Medicare
costs from failing to do so.

Keywords: Disparities; Geomapping; Infectious
diseases; Influenza vaccine; Medicare

Digital Features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12030666.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s12325-
020-01324-y) contains supplementary material, which is
available to authorized users.

L. L. Hall (&) � L. Xu � G. A. Puckrein
National Minority Quality Forum, Washington, DC,
USA
e-mail: llhall@nmqf.org

S. M. Mahmud
University of Manitoba, Winnipeg, Canada

E. W. Thommes � A. Chit
Sanofi Pasteur, Swiftwater, PA, USA

Adv Ther (2020) 37:2224–2235

https://doi.org/10.1007/s12325-020-01324-y

https://doi.org/10.6084/m9.figshare.12030666
https://doi.org/10.1007/s12325-020-01324-y
https://doi.org/10.1007/s12325-020-01324-y
https://doi.org/10.1007/s12325-020-01324-y
https://doi.org/10.1007/s12325-020-01324-y
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-020-01324-y&amp;domain=pdf
https://doi.org/10.1007/s12325-020-01324-y


Key Summary Points

Why carry out this study?

Despite improved understanding of the
risks of influenza and better vaccines for
older patients, influenza vaccination rates
remain subpar, including in high-risk
groups such as older adults, and
demonstrate significant racial and ethnic
disparities.

The study considers demographic, clinical,
and geographic correlates of influenza
vaccination among Medicare Fee-for-
Service beneficiaries in the 2015-2016 flu
season.

What was learned from the study?

Non-white beneficiaries, people dwelling
in rural communities, and economically
disadvantaged individuals are
significantly less likely to receive a flu
vaccine, especially a newer, more effective
formula for older adults.

Vaccination rates vary geographically as
well.

More frequent ambulatory care visits and
prescriptions correlate with higher rates of
vaccination.

Geographically and demographically
targeted efforts may be required to better
protect vulnerable older adults from
influenza.

Ambulatory providers are potential
resources for increasing flu vaccination.

Further analyses are required to
understand these correlates of flu
vaccination.

INTRODUCTION

Adults 65 years and older (here referred to as
seniors) comprise the largest US population age

group, with[50 million individuals. Moreover,
65 year olds today have an average life expec-
tancy of 20 more years. Blacks, Hispanics, and
other racial and ethnic subgroups are a growing
part of this age cohort, currently constituting[
20% [1].

This large and growing population, with
increasing health risks, contributes to rising
health care costs, which are estimated at 17.9%
of the gross domestic product or $3.5 trillion,
more than $1 trillion of which is for the Medi-
care program, according to CMS estimates [2].

Among their health vulnerabilities, older
adults are at increased risk of influenza infec-
tion, reflecting the decline in immune system
functioning with age [3, 4]. Older adults face
the most serious consequences of influenza,
with the highest hospitalization rates, exacer-
bated chronic illness such as diabetes and heart
disease, and increased frailty and disability,
which often threaten independence—approxi-
mately 15% of older people admitted to the
hospital with influenza lose two or more basic
self-care functions [5, 6]. Older adults are much
more likely to die from the disease than any
other age group as well: Ninety percent of the[
80,000 Americans who died from influenza in
2017–2018 were 65 years of age or older [7].

Immunosenescence also renders older adults
less responsive to the standard influenza vac-
cine (SD) [4, 8]. Fortunately, newer formula-
tions afford heightened protection for older
adults with declining immune system respon-
siveness [9]. The most studied such option, the
high-dose inactivated trivalent influenza vac-
cine (HD), has been shown in large randomized
controlled trials and meta-analyses to be more
efficacious over SD in preventing laboratory-
confirmed influenza, hospital admissions, and
mortality [10–14]. Recent data suggest health
care costs savings as well [15].

Despite growing risks and more effective
vaccines, inactivated influenza vaccination (IIV)
coverage falls short of the Healthy People 2020
goal of 90% coverage among seniors, with per-
sisting racial and ethnic disparities. While IIV
increased 8.2% in the 2018–2019 versus
2017–2018 season, coverage among
adults C 18 years was estimated at 45.3%, with
68% of adults C 65 years vaccinated. In survey
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data [16], IIV coverage was higher in non-His-
panic whites than in all other ethnic and racial
groups, with 48.7% of white only, non-Hispanic
adults receiving the vaccine, significantly
higher than 39.4%, 37.1%, and 37.6% in blacks,
Hispanics, and American Indians/Alaska
Natives, respectively. Study of Medicare trends
shows significant racial and ethnic disparities
among beneficiaries with a chronic condition, a
population at increased risk of hospitalization
and death [17]. Previous analysis of Medical
Current Beneficiary Survey (MCBS) data and
mortality rates led to the conclusion that racial
‘‘[p]arity in vaccination beginning at age 65 and
continuing through out life would save more
than 33,000 minority years of life’’ [18]. Equity
in influenza vaccination would prevent an
estimated 1330 black and 550 Hispanic deaths
each year; attaining the Healthy People 20200s
target goal would spare an estimated 3750 lives.
The prevention of illness and death would
translate into cost savings as well: excess hos-
pitalizations, estimated at nearly one-half mil-
lion blacks versus whites, contribute
significantly to the economic burden on the US
healthcare system, with its estimated cost of[
30 billion dollars annually.

The purpose of this study was to analyze and
map IIV coverage among seniors in the Medi-
care Fee-for-Service (FFS) program to assess
demographic, clinical, and geographic dispari-
ties. Characteristics of the beneficiaries for
whom an IIV claim (SD or HD) was documented
(immunization status) were compared with the
population without a record of IIV reimburse-
ment and the association between immuniza-
tion status and various social and clinical
characteristics, including age, race/ethnicity,
income, healthcare utilization behavior,
chronic health status, and geographic location,
were determined. In addition, the immuniza-
tion status of Medicare FFS beneficiaries is dis-
played on a GIS (geographic information
system) providing visual information about the
geographic distribution of vaccination by
demographic, clinical, and cost factors [19]. The
results inform a roadmap for future research
and advocacy promoting vaccination and
equity in the Medicare program.

METHODS

The main objective of this study was to char-
acterize the uptake pattern of IIV, including HD
or SD, among seniors in Medicare FFS by
demographic, clinical, and healthcare charac-
teristics for the 2015–2016 influenza season.
The second objective was to geographically
display vaccine rates at the zip code level. This
article does not contain any new studies with
human or animal subjects performed by any of
the authors. The data analyses did not include
any patient identifiers, and the aggregated data
never included\11 patient records as required
by NMQF’s Data Use Agreement with the Cen-
ter for Medicare and Medicaid Services as a
HIPPA compliant study with a waiver of IRB
approval.

Data Sources

Source data included the CMS 2015–2016 Car-
rier File, Master Beneficiary Summary File
(MBSF), and Outpatient File for Medicare FFS
beneficiaries C 65 years of age who received an
influenza vaccine. Patient-level data included:
age group, gender, race and ethnicity, chronic
condition, number of ambulatory visits, num-
ber of hospitalizations, number of prescriptions,
reimbursement for a pneumonia shot, receipt of
the full or partial Part D low-income subsidy
over the 2015–2016 influenza season, and geo-
graphic unit (including zip code, county, state,
and region), with no fewer than 11 beneficiaries
per cell. The influenza vaccine season used to
search for influenza immunization status was
defined as 1 July 2015 through 30 June 2016.

The MBSF is compiled annually and includes
demographics (e.g., date of birth/death, gender,
race and ethnicity), enrollment status (e.g.,
number of months enrolled in Part A, B, and C),
and status of common chronic conditions for
all beneficiaries who were enrolled in the
Medicare program for any part of the year [20].
The MBSF also contains a unique beneficiary
identification number, permitting linkage of
the data to the Medicare Carrier and Outpatient
Files, which provides information on care in the
ambulatory and hospital outpatient settings,
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respectively. The claims data from the Carrier
and Outpatient Files were used to identify ben-
eficiaries’ influenza vaccine status during the
2015–2016 season with a CPT code for an
influenza vaccine (Appendix A). Subsequent
records of IIV vaccination were ignored.

Data Analysis

A cohort of FFS beneficiaries was defined by
excluding beneficiaries who did not have Part A
or B FFS coverage at the initiation of the study
period, or had such coverage but for \
3 months, or were admitted to a long-term care
facility. Percentage of Medicare FFS beneficiaries
vaccinated was calculated overall and by
sociodemographic and clinical characteristics.
All analyses were conducted with SAS version
9.4.

Geographic Information System and Data
Visualization

Data were uploaded to a visualization platform
developed using open source software and a
relational database, allowing users to view
population heat maps based on a variety of
characteristics such as a vaccine type, chronic
condition, demographics, and clinical services
utilization and costs.

RESULTS

Beneficiary Demographic Characteristics
and Influenza Immunization Status

Most beneficiaries were between the ages of 65
and 70 years (8,670,811 or 32.8%), with
between 4.6 and 6.7 million included in the
other age categories (Table 1). Forty-seven per-
cent of the study cohort had a reimbursement

Table 1 Influenza immunization by beneficiary demographic characteristics

Total study cohort (N) Total vaccinated % (N) HD % (N) SD % (N)

Overall 26,466,244 47.4% (12,557,232) 25.0% (6,613,247) 22.4% (5,943,985)

Age group

65 B age\ 70 8,670,811 39.9% (3,462,763) 21.0% (1,824,957) 18.9% (1,637,806)

70 B age\ 75 6,391,918 48.3% (3,087,771) 26.5% (1,693,712) 21.8% (1,394,059)

75 B age\ 80 4,646,357 52.3% (2,428,234) 28.2% (1,309,946) 24.1% (1,118,288)

Age C 80 6,757,158 53.0% (3,578,464) 26.4% (1,784,632) 26.5% (1,793,832)

Gender

Male 11,631,495 44.8% (5,213,908) 24.0% (2,788,594) 20.9% (2,425,314)

Female 14,834,747 49.5% (7,343,323) 25.8% (3,824,653) 23.7% (3,518,670)

Race

White 22,490,404 49.4% (11,100,020) 26.6% (5,988,474) 22.7% (5,111,546)

Black 2,054,934 32.6% (670,797) 13.4% (275,971) 19.2% (394,826)

Asian 535,452 47.6% (254,805) 19.2% (103,058) 28.3% (151,747)

Hispanic 454,921 29.1% (132,170) 11.0% (50,263) 18.0% (81,907)

Other 573,165 43.4% (248,506) 19.6% (112,556) 23.7% (135,950)
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for an IIV, with most (25%) receiving HD.
Increasing age correlated with increased likeli-
hood of receiving any IIV (39.9–53.0%). HD
exceeded SD in all age groups except the oldest,
C 80 years. Female beneficiaries received more
IIV than men (49.5% versus 44.8%), including
both SD (23.7% versus 20.9%) and HD (25.8%
versus 24.0%). The age and gender trends were
similar across racial and ethnic groups and
geographic regions, except for the race cate-
gories Black and Other and Region category
Other where the rates of IIV uptake seem to be
decreasing for age C 80 years.

Major differences in receiving any IIV, SD, or
HD were observed between beneficiaries from
different racial and ethnic backgrounds. Nearly
half of the White and Asian beneficiaries
received an IIV (49.4% and 47.6%, respectively)
compared with 32.6% and 29.1% of Blacks and
Hispanics, respectively. All non-White sub-
groups received less HD: 26.6% of Whites
received HD, while Asians, Blacks, and Hispan-
ics received 19.2%, 13.4%, and 11%,
respectively.

Beneficiary Clinical Characteristics
and Influenza Immunization

Having one or more chronic condition was
correlated with higher IIV percentages (Table 2).
Only 32.9% of beneficiaries without a chronic
condition had a record of IIV versus 53.5 to
54.8% of individuals with one or more such
conditions. The uptake of HD was higher in the

group of beneficiaries without a chronic condi-
tion, 19.3% versus 13.6%, and HD uptake
diminishing with increasing numbers of
chronic conditions. HD uptake percentages
ranged from 11.5% in beneficiaries with
schizophrenia to 31% in beneficiaries with
glaucoma.

Beneficiary Service Utilization
and Influenza Immunization

While hospitalization or emergency department
visits did not correlate with increased receipt of
IIV, increasing numbers of physician visits and
prescriptions did (Table 3). Fewer than two vis-
its to a physician was linked to a 25.4% IIV
uptake; ten or more visits was linked to a 62.7%
uptake. Similarly, 36.0% of beneficiaries with-
out a part D prescription received a IIV; 11–30
prescriptions were linked to 56.5% uptake; 30
plus prescriptions revealed 56.7%. Beneficiaries
with any physician visits were more likely to
receive HD than SD. The opposite is true of
hospitalizations, with more hospitalizations
correlated to more SD. Examination of IIV per-
centage by consumption group—population
subsets based on total annual Medicare expen-
ditures—did not reveal a clear trend. The Crisis
Consumption group was the least likely to be
vaccinated or to receive an HD (Table 4).
Moderate and Light Consumption groups had
the highest IIV and HD percentages.

Other care-related factors correlated with IIV
and HD receipt. Beneficiaries who received full

Table 2 Immunization of beneficiaries with chronic condition

Total study cohort (N) Total vaccinated % (N) HD % (N) SD % (N)

Had any chronic condition 18,250,011 54.0% (9,857,004) 27.6% (5,030,020) 26.4% (4,826,984)

Number of chronic conditions

0 8,216,233 32.9% (2,700,228) 19.3% (1,583,227) 13.6% (1,117,001)

1 8,844,665 53.5% (4,729,412) 29.0% (2,567,578) 24.4% (2,161,834)

2 5,932,987 54.8% (3,253,338) 27.4% (1,628,589) 27.4% (1,624,749)

3 ? 3,472,359 54.0% (1,874,254) 24.0% (833,853) 30.0% (1,040,401)
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or partial Part D low-income subsidy had low
rates of flu vaccination (38.5%) and were nearly
two times more likely to receive SD versus HD
(24.2% vs. 14.3%). In contrast, receipt of a

pneumonia vaccine correlated to the highest
rates of flu vaccination seen in the study—
76.1%—with increased likelihood of HD vs. SD
(43.5% vs. 32.6%).

Table 3 Beneficiary service utilization characteristics

Total study cohort (N) Total vaccinated % (N) HD % (N) SD % (N)

Number of hospitalizations

0 22,760,645 47.3% (10,762,114) 25.4% (5,770,179) 21.9% (4,991,935)

1 2,562,198 50.3% (1,288,416) 24.4% (624,877) 25.9% (663,539)

2 ? 1,143,401 44.3% (506,702) 19.1% (218,191) 25.2% (288,511)

Number of outpatient ER visits

0 20,768,473 46.6% (9,676,596) 25.0% (5,200,039) 21.6% (4,476,557)

1 3,824,399 51.3% (1,960,069) 25.9% (989,390) 25.4% (970,679)

2 ? 1,873,372 49.1% (920,567) 22.6% (423,818) 26.5% (496,749)

Number of physician visits

B 2 7,821,959 25.4% (1,983,977) 13.4% (1,044,820) 12.0% (939,157)

3–5 5,701,368 49.4% (2,815,407) 27.0% (1,538,079) 22.4% (1,277,328)

6–10 6,495,851 57.2% (3,715,403) 30.6% (1,985,949) 26.6% (1,729,454)

[ 10 6,447,066 62.7% (4,042,445) 31.7% (2,044,399) 31.0% (1,998,046)

Number of Part D prescriptions

0 10,022,110 36.0% (3,607,843) 19.0% (1,903,379) 17.0% (1,704,464)

1–10 2,927,459 44.4% (1,299,968) 25.7% (753,649) 18.7% (546,319)

11–30 6,373,719 56.5% (3,602,608) 31.7% (2,020,422) 24.8% (1,582,186)

[ 30 7,142,956 56.7% (4,046,813) 27.1% (1,935,797) 29.6% (2,111,016)

Table 4 Consumption clusters and IIV uptake

Consumption clusters Total study cohort
(N)

Total vaccinated %
(N)

HD % (N) SD % (N)

Crisis (99th percentile) 176,104 36.4% (64,145) 27.6% (5,030,020) 26.4% (4,826,984)

Heavy (90–98th percentile) 1,892,168 47.8% (904,916) 19.3% (1,583,227) 13.6% (1,117,001)

Moderate (75–89th

percentile)

3,727,310 55.5% (2,069,866) 29.0% (2,567,578) 24.4% (2,161,834)

Light (50–49th percentile) 6,446,762 58.3% (3,757,489) 27.4% (1,628,589) 27.4% (1,624,749)

Low (1–49th percentile) 14,223,900 40.5% (5,760,816) 22.3% (3,174,043) 18.2% (2,586,773)
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Regional Variation in Influenza
Immunization

The percentage of beneficiaries immunized
varied by US region as well as between rural and
urban areas. The highest uptake of IIV occurred

in the Northeast—50.8%—and the lowest in the
West—43.7%—and Other regions (including
Puerto Rico and other islands)—13.5%
(Table 5). HD vaccination is highest in the
Midwest at 27.1%, several percentage points
above SD, at 21.7%.

Table 5 Regional variation in vaccination

Total study cohort (N) Total vaccinated % (N) HD % (N) SD % (N)

Region

Northeast 4,868,072 50.8% (2,471,160) 25.9% (1,260,686) 24.9% (1,210,474)

Midwest 5,923,190 48.8% (2,891,825) 27.1% (1,604,877) 21.7% (1,286,948)

South 10,438,678 47.4% (4,943,052) 24.5% (2,555,044) 22.9% (2,388,008)

West 5,112,420 43.7% (2,234,476) 23.2% (1,188,317) 20.5% (1,046,159)

Other 123,884 13.5% (16,719) 3.5% (4,323) 10.0% (12,396)

Rural/urban area

Urban 20,714,927 48.5% (10,045,128) 26.4% (5,474,295) 22.1% (4,570,833)

Rural 5,751,317 43.7% (2,512,104) 19.8% (1,138,952) 23.9% (1,373,152)

Fig. 1 IIV uptake mapped to the zip code level for white Medicare FFS beneficiaries
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Even greater variability in IIV uptake is
detected when the data are mapped at the zip
code level. In Fig. 1, the percentage of IIV vac-
cination spans a wide range, from 0.33 to
78.57%. Non-white beneficiaries also exhibited
geographic variability, including a distinct
nationwide footprint mirroring the concentra-
tion of non-white populations in specific
regions and a wide range of IIV vaccination
percentages at the zip code level (Figs. 2, 3). Zip
code IIV percentage uptake can vary signifi-
cantly between neighboring zip codes, as illus-
trated in Fig. 2. In the New York city region,
areas of high IIV uptake are juxtaposed with
some of the lowest in the US (Fig. 4).

DISCUSSION

Confirming previous analyses, our evaluation
documents less than recommended IIV uptake
even among a high-risk population—older
adults—with insurance coverage. Furthermore,

significant disparities were present between
white and non-white beneficiaries, those with
fewer financial resources, and rural populations.
Even in geographic regions with the highest
rates of IIV, extremely low rates can be identi-
fied in zip codes with large non-white or poor
beneficiaries. Although the estimated vaccine
rates were somewhat lower, our analysis paral-
leled trends found in Shen et al. [21], with the
lowest rates of influenza immunization found
among blacks and Hispanics.

Racial and ethnic disparities were magnified
when considering receipt of HD. While white
beneficiaries were much more likely to receive
HD, all non-white subpopulations, including
Asians who enjoy comparable IIV uptake, were
much less likely to receive HD versus SD, as
were beneficiaries with a Part D subsidy or
residing in a rural region, populations arguably
in more need of this more protective interven-
tion. These results comport with well-docu-
mented disparities in dissemination of medical
innovation reflecting multiple results [22–26].

Fig. 2 IIV uptake mapped to the zip code level for black Medicare FFS beneficiaries
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Fig. 3 IIV uptake mapped to the zip code level for Hispanic Medicare FFS beneficiaries

Fig. 4 IIV uptake mapped to the zip code level for New York city region Medicare FFS beneficiaries
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Several factors correlated with higher IIV
uptake, including having one or more comor-
bidities, ambulatory physician visits, or part D
prescriptions, and having received a pneumonia
vaccine, as has been previously observed [27].
These trends suggest the positive influence of
providers on receiving an influenza vaccine, a
finding aligned with the literature showing a
provider’s strong recommendation has the most
positive influence on flu vaccine receipt,
including among non-whites [21, 28–30].

This analysis suggests that geographically
targeted efforts are required to promote IIV
uptake to increase the overall rate of immu-
nization and promote equity [31]. The Center
for Medicare and Medicaid Services (CMS) itself
has recommended this approach for promoting
equity in care and outcomes in Medicare-fun-
ded care, increasingly publishing information
about geographic disparities, at the state and
county level, and staking out a strategy for
redress, including quality improvement efforts
[32, 33].

This study has several limitations and sug-
gests several lines of further research. Perhaps
the most important limitation is that not all flu
vaccines given to Medicare beneficiaries were
captured in the Medicare FFS claims data, and
this may vary among subpopulations and
regions. It is doubtful, however, that a large
volume of vaccines is not accounted for. And, as
noted in a previous study, the large data set
offers an important description of vaccine
trends among older adults. Additional studies
are necessary and underway to confirm the
disparities documented here and better under-
stand the patient, provider, and social contrib-
utors to vaccination.

CONCLUSION

In conclusion, only about half of the senior
beneficiaries in the Medicare FFS program in
2015–2016 were shown to have an influenza
immunization claim reimbursed. Less than 30%
of black and Hispanic beneficiaries demon-
strated this level of influenza immunization
reimbursed in Medicare FFS, and only a small
fraction of all non-white beneficiaries received

HD, with its added protection for older popu-
lations and confirmed economic benefit. Seeing
a provider correlated with a higher likelihood of
receiving IIV, suggesting a future approach to
expand vaccination. GIS visualization of the flu
vaccine claims data provides an additional
means for precisely targeting efforts geographi-
cally, at the zip code level. Urgent and targeted
efforts are needed to equitably increase IIV
rates, thus protecting the most vulnerable pop-
ulations from the negative health impact of
influenza as well as the tax-paying public from
the Medicare costs from failing to do so.
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