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Abstract

Background
To improve the assessment of COVID-19 vaccine use, safety, and effectiveness in older adults and
persons with complex multimorbidity, the COVid VAXines Effects on the Aged (COVVAXAGE)
database was established by linking CVS Health and Walgreens pharmacy customers to Medicare
claims.

Methods
We deterministically linked CVS Health and Walgreens customers who had a pharmacy
dispensation/encounter paid for by Medicare to Medicare enrollment and claims records. Linked
data include U.S. Medicare claims, Medicare enrollment files, and community pharmacy records. The
data currently span 01/01/2016 to 08/31/2022. “Research-ready” files were created, with weekly
indicators for vaccinations, censoring, death, enrollment, demographics, and comorbidities. Data are
updated quarterly.

Results
As of November 2022, records for 27,086,723 CVS Health and 23,510,025 Walgreens unique
customer IDs were identified for potential linkage. Approximately 91% of customers were matched
to a Medicare beneficiary ID (95% for those aged 65 years or older). In the final linked cohort, there
were 38,250,873 unique beneficiaries representing ~60% of the Medicare population. Among those
alive and enrolled in Medicare as of January 1, 2020 (n= 33,721,568; average age= 73 years, 74%
White, 51% Medicare Fee-for-Service, and 11% dual-eligible for Medicaid), the average follow-up
time was 130 weeks. The cohort contains 16,021,055 beneficiaries with evidence a first COVID-19
vaccine dose. Data are stored on the secure Medicare & Medicaid Resource Information Center
Health & Aging Data Enclave.

Data access
Investigators with funded or in-progress funding applications to the National Institute on Aging
who are interested in learning more about the database should contact Dr Vincent Mor
[Vincent_mor@brown.edu] and Dr Kaleen Hayes [kaley_hayes@brown.edu]. A data dictionary can
be provided under reasonable request.

Conclusions
The COVVAXAGE cohort is a large and diverse cohort that can be used for the ongoing evaluation
of COVID-19 vaccine use and other research questions relevant to the Medicare population.
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Key features

• Vaccines against COVID-19 are effective and safe;
however, their uptake, effectiveness, and safety
are understudied in older adults and those with
multimorbidity and dementia. Rigorous observational
research using large and representative cohorts is needed
to inform policy, clinical guidelines, and future vaccine
development for these populations.

• The COVid VAXines Effects on the Aged (COVVAXAGE)
database was created to characterize the use, safety, and
effectiveness of COVID-19 vaccines, including booster
doses, for U.S. older adults and individuals with complex
multimorbidity.

• CVS Health and Walgreens customer records were
deterministically linked to Medicare data using encrypted
identifiers. Research-ready files with indicators for
vaccinations, sociodemographics, and chronic conditions
were prepared that can be linked to other Medicare
claims files (e.g., Medicare Part D for prescription
claims).

• COVVAXAGE contains longitudinal data on vaccinations,
diagnoses, and healthcare use for 38,250,873 Medicare
beneficiaries. These data are unique in that they are
more representative of Medicare beneficiaries in the
U.S. and larger than existing health administrative data
sources for observational research.

• The cohort is large and diverse in ages (e.g., >2.6 million
individuals aged ≥85 years), sex (>56% female), and
races and ethnicities (e.g., >25% non-White), with an
average follow-up time of 130 weeks for each beneficiary.

• Investigators funded by the National Institute on Aging
(NIA) who establish relevant data use agreements
can access these data. Investigators with funded or
who have in-progress funding applications to the
NIA who are interested in learning more about
the database should reach out to Drs Vincent
Mor [Vincent_mor@brown.edu] and Kaleen Hayes
[kaley_hayes@brown.edu].

Introduction

Since COVID-19 vaccines came to market in December
2020, over 58 million older adults have received at least
one dose of a COVID-19 vaccine [1]. Evidence from clinical
trials demonstrated that both mRNA vaccines (BNT162b2
or mRNA-1273) are highly effective and associated with
few serious safety concerns; however, older adults and
those with complex multimorbidity were generally excluded
from these studies. As physiological changes associated with
aging and frailty [2] can alter the response to vaccines
[3, 4], rigorous observational research is needed to inform
policy, clinical guidelines, and future vaccine development
for these populations. Although some observational research
has explored vaccine safety and effectiveness in real-world
contexts [5, 6], many have a lack of clinical detail; limitations
in generalizability, particularly to multimorbid older adults;

and limited long-term follow-up. Moreover, despite the large
sample sizes of some prior studies, they may not have been
sufficiently powered to detect extremely rare, yet important,
outcomes and potential adverse effects (e.g., Guillain-Barre
syndrome) [5]. Older adults who were understudied in clinical
trials are among those with the highest risk of adverse events
from COVID-19 [7–9].

The COVid VAXines Effects on the Aged (COVVAXAGE)
database was created to characterize the use, safety, and
effectiveness of COVID-19 vaccines for older adults and to
meet evidence needs for public health decision making. This
project was funded as two administrative supplements to a
large cooperative agreement (U54AG063546) to examine how
COVID-19 has affected the older adult population, particularly
those living with Alzheimer’s disease and related dementias
(ADRD). We established a public-private partnership between
CVS Health, Walgreens, and academic institutions funded
by the National Institute on Aging (NIA) to link customer
data from CVS Health and Walgreens to Medicare enrollment
and claims information. This process created a national,
longitudinal, population-based cohort and near-real-time
database to study COVID-19 vaccine related questions in
older adults, especially those with frailty, multimorbidity, and
ADRD. The aims of the COVVAXAGE database were to enable
studies that:

1) Determine which Medicare beneficiaries, including those
with dementia and/or are racial/ethnic minorities, are
less likely to be completely vaccinated for COVID-19.

2) Examine and compare rates of suspected adverse events
possibly attributed to COVID-19 vaccines, overall and
among subgroups of Medicare beneficiaries.

3) Analyze rates of breakthrough COVID-19 infections and
related diagnoses among Medicare beneficiaries who
received COVID-19 vaccinations.

For example, our research team has used the COVVAXAGE
database to directly compare the safety and effectiveness of
mRNA vaccines across frailty levels [10] and to understand
racial and ethnic disparities in the receipt of booster COVID-
19 vaccines [11]. The specific aim of this paper is to describe
the data linkage process and characteristics of the final linked
cohort for future investigators to use.

Methods

Population and data sources

The population of interest for the cohort was CVS Health
or Walgreens pharmacy customers who were Medicare
beneficiaries. Medicare is the U.S. federal health insurance
program that provides coverage to people aged 65 years or
older, people younger than age 65 who have certain disabilities,
and people with end-stage renal disease [12]. Medicare is
the primary source of healthcare insurance coverage for
older adults in the U.S., and administrative data from
the program are commonly used for observational research
[13]. Additional details on the Medicare program that are
relevant for epidemiologic and health services research have
been published elsewhere [13]. This population was targeted

2



Hayes KN et al. International Journal of Population Data Science (2023) 8:6:02

for large, population-based COVID-19 vaccine monitoring
because in 2021 CVS Health and Walgreens administered
approximately 59 million and 55 million COVID vaccines,
respectively [14, 15]. CVS Health and Walgreens pharmacies
(over 18,000 stores total) are located in every US state and
are accessed by older adult populations that are representative
of the US Medicare population in demographics (e.g., age,
sex, rurality, socioeconomic status) and clinical characteristics
[12, 16, 17]. Therefore, data from customers from these
pharmacies can be considered population-based.

For the initial linkage, CVS Health and Walgreens provided
data capturing customer demographic information (e.g., age,
sex, store location), pharmacy records (including payor),
and vaccination records (including reports submitted to the
Centers for Disease Control and Prevention [CDC] regarding
vaccination information and customer demographics) for
customers filling a prescription or receiving a vaccine between
January 1, 2019 to August 31, 2022 (CVS Health) and January
1, 2018 to June 30, 2021 (Walgreens). Both CVS Health and
Walgreens sent data pertaining to any customer who filled
a prescription or received an immunization that was paid for
by Medicare. In addition, CVS sent records for any customer
aged 65 years or older at the time of the prescription or
immunization, regardless of whether they had a prescription
paid for by Medicare, to capture persons who potentially
enrolled later in follow-up. For a description of all Medicare
claims files used once CVS Health and Walgreens customers
were linked, see the Supplement.

CVS Health and Walgreens each send weekly vaccination
record updates to Acumen LLC (henceforth “Acumen”).
Acumen acquires updated Medicare files (e.g., new Part A
& B claims) as they become available through the Medicare
& Medicaid Resource Information Center (MedRIC), usually
monthly depending on the file. Acumen re-performs the match
approximately every two months to account for these data
updates from CMS and pharmacy data sources to investigate
whether they improve the match rate; however, match rates
have been nearly identical between iterations (proportion of
matched CVS Health/Walgreens customer IDs ranging from
94 to 96% for customers aged 65 years or older).

Acumen is a contractor funded by NIA to provide
linked CMS data of NIA-supported surveys and studies
to researchers (GS10F0133S/NIA NIH HHS/United States).
Acumen received data files from each entity and performed
the data linkage, beneficiary de-identification, analysis file
creation, and variable coding. All Medicare files were provided
directly to Acumen by MedRIC, which is a subsidiary of
Acumen.

Data linkage methods and privacy protection

Acumen deterministically linked CVS Health and Walgreens
customer IDs to Medicare enrollment data to identify
preliminary matches. All persons with a pharmacy customer
ID (i.e., had a record of a drug dispensing or vaccine receipt
through CVS Health or Walgreens that was billed to Medicare)
were eligible for matching. All demographic variables had a
>99% completeness (populated) rate in the vaccine and drug
history files in the CVS Health and Walgreens customer data,
except ZIP code in the Walgreens drug history data (98%
completeness rate). Prior to the matching process, we applied

the following steps to clean data related to first and last names
in the CVS Health and Walgreens customer data: 1) remove
all non-alpha characters (e.g., hyphens, spaces); 2) remove
suffixes such as “JR.,” “SR,” “I-IV”; 3) removed variations
of “deceased” (e.g., “dead,” “decease”); 4) convert text to
uppercase.

A match was considered preliminary if a customer ID
and Medicare beneficiary ID had a matching last name,
date of birth, and sex. Medicare demographic information
across all years was used for the matching process. Each
preliminary match was then classified as strong if at least
one of the following also matched: first name, state, or
zip code. Otherwise, the match was classified as weak and
then excluded from the datasets. If a pharmacy customer
ID had a strong match as defined above with more than
one Medicare beneficiary ID, the Medicare ID with the most
matched variables (first name, state, zip code) was selected
as the matching ID. If multiple beneficiary IDs were an
equally strong match, the pharmacy customer ID was dropped.
If multiple pharmacy customer IDs (either from the same
pharmacy data source or separately from CVS Health and
Walgreens) matched to the same Medicare ID, then the
pharmacy IDs were collapsed into one person. Therefore, the
final study population only comprised customer IDs with one
unambiguous, strong match to a Medicare beneficiary ID. For
each match, Acumen created a unique encrypted beneficiary
ID that could be used to link across all Medicare and pharmacy
datasets. The data in the present study are for a match
performed on November 18, 2022, with data from all sources
up to and including August 2022. The date of an individual’s
entry to the cohort was the first date of Medicare enrollment
within the study period (January 1, 2016 to most recent
data available), and individuals were permitted to “enter”
the open cohort at any time. Follow-up for each beneficiary
continues until the individual dies, disenrolls from Medicare
(the individual can re-enter the cohort upon re-enrollment),
has a missing or invalid address, or the end of the study data
(presently August 31, 2022). A diagram of the data linkage
process is presented in Figure 1.

CMS, CVS Health, and Walgreens data are disclosed to
the research team under the strict terms of respective Data
Use Agreements, which require stringent privacy protections.
Several efforts to minimize the risk of breach of patient
confidentiality were implemented. Access to names is strictly
limited to pre-approved members of the Acumen team who
are directly involved in the initial data cleaning and linkage
activities. No names or social security numbers are included
in the analytic data. While a synthetic beneficiary ID is used,
exact dates of service and provider identification are available
in the files allowing for detailed temporal and geographic
analysis; thus, only the beneficiary ID is truly de-identified.
All analysts are required to undergo privacy training and
sign a Data User and Analyst Access Policy that includes
acknowledgement of detailed privacy considerations, including
the CMS and NIA cell suppression policies. Acumen created
a secure data management and analysis platform called the
Health and Aging Data (HaAD) Enclave through which
researchers access and analyze data. The HaAD Enclave is
a secure computing desktop (a digital interface) for studies on
aging, healthcare, and health outcomes. The desktop provides
access to sensitive CMS datasets linked to NIA-sponsored
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Figure 1: COVid VAXines effects on the aged (COVVAXAGE) data linkage illustration

HCC – Hierarchical Condition Category; MA – Medicare Advantage (Encounter Claims); LTC-MDS – Long-term Care Minimum
Dataset; MBSF – Medicare Beneficiary Summary File; MTM – Medication Therapy Management; OASIS - Outcome and Assessment
Information Set; PDE – Part D Event.

study or survey datasets. The HaAD Enclave complies with
over 450 Federal Information Security Modernization Act
of 2014 (FISMA) safeguards and has a CMS authority to
operate (ATO) in place. Prior to each instance of accessing
the analytic data through the HaAD Enclave, an analyst
must acknowledge and agree to federal privacy and security
requirements. All output, including analytic results, is reviewed
to ensure compliance with minimum cell size according to
confidentiality requirements set forth by the NIA (n ≤ 25).

Variables and final dataset creation

Using data available from CMS and pharmacy files, Acumen
created variables representing demographic and clinical
information for each person in the cohort. COVID-19
vaccination events were captured using CPT billing codes
for vaccine administration that are specific to each vaccine
product and dose number (Supplementary Table 1). We
defined the date of vaccination as the date of billing for
the vaccine administration. We supplemented these vaccine
administration data with CVS Health and Walgreens pharmacy
records that captured vaccinations that were not billed to
Medicare. These data therefore can measure precise products,
doses, and timing of COVID-19 vaccines for the cohort
throughout follow-up.

Other variables include indicators for censoring, death,
enrollment status, demographics (e.g., 5-digit zip code
for home address), comorbidities defined using hierarchical
condition category (HCC) coding [18] and validated algorithms
(e.g., the Claims-Based deficit-accumulation Frailty Index
[2], the Bynum-Standard ADRD algorithm [19], comorbidity
indices [20–22]) that leverage International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM),
Common Procedural Terminology (CPT), and Healthcare
Common Procedure Coding System (HCPCS) codes. The final
datasets are provided in “person-week” format, with one row
describing time-varying events (vaccinations, comorbidities)

for each member of the cohort in every calendar week
of the study. The original CMS and pharmacy files (e.g.,
Medicare Part B claims, CVS Health prescription drug fill
records) can be accessed and linked through the encrypted
beneficiary ID created by Acumen. These files can be accessed
to create additional variables, like hospital discharge diagnoses
or location of pharmacies visited.

In general, using these data, researchers can identify
when and where a vaccination event occurred, characterize
beneficiaries’ demographic and clinical information, and
measure clinical events as they are captured through Medicare
claims and associated diagnoses in the days and months before
and after vaccination. The large cohort thereby facilitates
the study of important study important questions regarding
health events and outcomes possibly associated with COVID-
19 vaccination over long periods, including the study of rare
events (e.g., Guillain Barre syndrome), in a way that minimizes
false detection rate due to the routinely collected nature of
Medicare claims.

Results

Data linkage performance and final cohort size

Records for 27,086,723 CVS Health and 23,510,025 Walgreens
unique customer IDs were sent to Acumen for linkage.
Overall, 88.7% (n= 24,016,176) and 95.8% (n= 22,519,900)
of respective CVS Health and Walgreens customers were
matched to a Medicare beneficiary ID and included in the
final linked cohort. When restricting to customers aged
65 years or older, 94.3% (n= 20,906,184) of CVS Health
and 96.0% (n= 18,311,833) of Walgreens customer IDs
were matched, respectively. In total, there were 38,250,873
unique beneficiaries in the final linked cohort (around 60%
of the Medicare population [12]; and 28,251,114 of these
beneficiaries were aged 65 years or older, representing around
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Table 1: Sociodemographic and clinical characteristics of CVS Health and Walgreens customers linked to Medicare claims in the
COVid VAXines Effects on the Aged (COVVAXAGE) database (N = 38, 250, 873)

Characteristics
Overall, at first week of Medicare-enrolled (FFS, Continuously enrolled in

Medicare enrollment MA or Part A only) on FFS for 12 months prior
(cohort entry) N(%)a Jan 1, 2020, N(%)b to Jan 1, 2020, N(%)c

Unique Beneficiaries alive and with a
valid address at first observation, N
(%)

38,116,281 (100.0%)a 33,721,568 (100.0%) 15,796,838 (100.0%)

Customer ID Source
CVS Health 16,472,713 (43.22%) 14,169,265 (42.02%) 6,960,205 (44.06%)
Walgreens 15,398,313 (40.40%) 13,743,620 (40.76%) 6,077,249 (38.47%)
Both CVS Health and Walgreens 6,245,255 (16.38%) 5,808,683 (17.23%) 2,759,384 (17.47%)

Age
Age in years, mean (SD) 70.47 (9.53) 72.89 (9.70) 74.00 (10.02)
<65 years 9,865,167 (25.88%) 3,093,191 (9.17%) 1,254,970 (7.94%)
65 to <85 years 25,563,987 (67.07%) 27,170,424 (80.57%) 12,567,075 (79.55%)
85 years or older 2,687,127 (7.05%) 3,457,953 (10.25%) 1,974,793 (12.50%)

Sex
Female 21,620,577 (56.72%) 19,233,556 (57.04%) 9,124,115 (57.76%)

Race and Ethnicity
White 28,266,584 (74.16%) 25,026,691 (74.22%) 12,756,507 (80.75%)
Black 4,060,716 (10.65%) 3,571,648 (10.59%) 1,264,157 (8.00%)
Asian 986,871 (2.59%) 813,744 (2.41%) 314,106 (1.99%)
Hispanic 1,037,050 (2.72%) 890,492 (2.64%) 250,922 (1.59%)
Native American 81,946 (0.21%) 74,987 (0.22%) 42,105 (0.27%)
Other 386,614 (1.01%) 286,621 (0.85%) 132,499 (0.84%)
Missing 946,988 (2.48%) 772,749 (2.29%) 358,831 (2.27%)

US Geographic Region
Northeast 7,568,995 (19.86%) 6,600,384 (19.57%) 3,206,020 (20.30%)
Midwest 8,151,583 (21.39%) 7,193,431 (21.33%) 3,393,492 (21.48%)
South 14,850,441 (38.96%) 13,316,708 (39.49%) 6,319,981 (40.01%)
West 7,182,637 (18.84%) 6,280,357 (18.62%) 2,857,433 (18.09%)
Other 362,625 (0.95%) 330,688 (0.98%) 19,912 (0.13%)

Medicare Enrollment
Fee-for-Service 20,748,530 (54.43%) 17,310,134 (51.33%) 15,796,838 (100.0%)
Medicare Advantage 12,612,717 (33.09%) 14,295,599 (42.39%) 0 (0.00%)

Full Dual Medicaid enrollment eligibled [23]
Full Dual Medicaid Eligible 4,200,266 (11.02%) 3,676,886 (10.90%) 1,773,067 (11.22%)

History of Comorbiditiese

Alzheimer’s Disease and Related
Dementiasf [19]

1,148,252 (7.27%)

Acute Myocardial Infarction 312,807 (1.98%)
Cancer 2,254,141 (14.27%)
Chronic Obstructive Pulmonary
Disease

1,978,697 (12.53%)

Diabetes 4,137,977 (26.19%)
Heart Failure 2,019,764 (12.79%)
Mental Health Conditiong 2,120,501 (13.42%)
Chronic Renal Disease 966,920 (6.12%)
Ischemic Stroke 502,591 (3.18%)

Claims-Based Frailty Index (CFI)e,h [2]
Non-frail (CFI < 0.15) 8,090,013 (51.21%)

Continued
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Table 1: Continued

Characteristics
Overall, at first week of Medicare-enrolled (FFS, Continuously enrolled in

Medicare enrollment MA or Part A only) on FFS for 12 months prior
(cohort entry) N(%)a Jan 1, 2020, N(%)b to Jan 1, 2020, N(%)c

Pre-Frail (CFI ≥ 0.15 and < 0.25) 6,466,047 (40.93%)
Frail (CFI ≥0.25) 1,240,778 (7.85%)

Combined Comorbidity Indexe,i [20, 22]
Combined Comorbidity Index, mean
(SD)

1.77 (2.70)

BID: beneficiary ID; FFS – fee-for-service; MA – Medicare Advantage; SD= standard deviation.
aColumn 1 represents those alive and enrolled in Medicare at the first week of observation within our data (Jan 01, 2016 to Aug
31, 2022). All characteristics were measured as of beneficiary’s first week of Medicare enrollment. Individuals were permitted to
enter the cohort at any date. N= 134,592 (0.3%) beneficiaries died or had an invalid address before their first observable week of
Medicare enrollment.
bColumn 2 represents those with any Medicare enrollment on January 1, 2020 (individuals most likely to be included in studies of
COVID-19 vaccination and infection).
cColumn 3 represents those with 12 months or more of Medicare FFS enrollment as of January 1, 2020 (individuals most likely to
be included in studies that require measurement of a person’s clinical information through Medicare claims, which are not currently
available for those in the Medicare Advantage program).
dEligible for full state Medicaid benefits in addition to Medicare coverage, versus partial dual Medicaid/Medicare eligibility (qualifies
for a Medicare Savings Program) or no dual eligibility [23].
eComorbidities and frailty scores are only reported for beneficiaries with 12-months of continuous Medicare FFS enrollment due to
incomplete claims for MA beneficiaries during the study period.
fMeasured using the 1-year Bynum Standard Algorithm [19].
gIncludes psychosis, schizophrenia, bipolar disorder, major depressive disorder, substance use disorders.
hRanges from 0.0 to 1.0, with higher scores indicating greater frailty [2].
iRanges from −2 to 26, with higher scores indicating a greater comorbidity burden [20, 22].

70% of the Medicare population in this age group [12]);
of note, some CVS Health and Walgreens customer IDs
were matched to the same Medicare beneficiary ID. Detailed
information on results from the matching process is available
in the Supplementary Tables 2.1–2.3. Characteristics of
all matched individuals and subsets restricted by Medicare
enrollment status as of January 1, 2020 (to illustrate the
characteristics of beneficiaries most likely to be included in
studies related to COVID-19 and vaccination) are presented
in Table 1.

Among all persons with an unmatched CVS customer
ID, 89.9% were unmatched because no potential Medicare
beneficiary candidates were identified, and 10.1% were
unmatched due to multiple unresolved strong Medicare ID
matches. Among persons with an unmatched Walgreens
ID, 82.7% were unmatched due to a lack of potential
Medicare beneficiary matches, and 17.3% were unmatched
due to unresolved strong matches. Comparison of demographic
characteristics of individuals with matched versus unmatched
CVS Health and Walgreens customer IDs are presented in
Supplementary Table 3. Characteristics between matched and
unmatched IDs were compared using absolute standardized
mean differences (SMDs), with an SMD greater than 0.10
representing a potentially meaningful difference between
groups [24]. Overall, persons with matched IDs were slightly
older and more likely to be female compared to those
who were unmatched. We attempted to also compare the
distributions of race and ethnicity between individuals with
matched and unmatched customer IDs but were unable
due to a high proportion of missing race/ethnicity data in

pharmacy data files for customers without at least one vaccine
record.

Cohort characteristics and follow-up

Table 1 presents demographic and clinical characteristics of the
cohort overall and by type of Medicare enrolment as of January
1, 2020 (just prior to the onset of the COVID-19 pandemic).
In the overall cohort, the average age was 70.5 (SD 9.5) years,
with n = 2, 687, 127 being aged 85 years or older. Fifty-seven
percent of the cohort was female, 74% were White, and 11%
were Black. Among those alive, enrolled in Medicare, and with
a valid address as of January 1, 2020 (n = 33, 721, 568), the
average follow-up time was 130 weeks (SD 23, median 137
weeks), with data available maximally until August 2022; of
these, 1,114,394 (3.30%) died within 1 year (to December 31,
2020).

We identified 16,021,055 beneficiaries with a first dose of
a COVID-19 vaccine, as evidenced through a CVS Health or
Walgreens record for a vaccination or through a Medicare
claim containing a CPT code for a COVID-19 vaccine
(Supplementary Table 1). Of these, overall, 65% had a CMS
claim only, 7% had only a pharmacy record, and 28% had
the vaccine recorded in both data sources. The proportion of
vaccinated beneficiaries who were identified using Medicare
claims vs. pharmacy claims changed over time, from a low
of 4.8% with a pharmacy record only in February 2021 to a
high of 17.6% in August 2021, Figure 2. Excluding those with
2 recorded first doses of the COVID-19 vaccine (n=6,241),
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Figure 2: Percentages of Medicare beneficiaries in the COVid VAXines Effects on the Aged (COVVAXAGE) database with a first
dose of a COVID-19 vaccination∗ identified via a Medicare claim only, a pharmacy record only, or both, over time

∗Exact counts of beneficiaries and proportions over time are available in Supplementary Table 4.

52.9% received BNT162b2, 43.1% received mRNA-1273, and
4.1% received JNJ-78436735.

Discussion

We linked customers from CVS Health and Walgreens to
Medicare data to create a near-real-time database of clinical
data for over 38 million Medicare beneficiaries in the U.S.
(approximately 60% of the U.S. Medicare population, whereas
many samples for research purposes are restricted to 20%
random samples of beneficiaries) [12]. The COVVAXAGE
database is being used to examine the uptake, safety, and
effectiveness of COVID-19 vaccinations among a large and
generalizable population of older adults in the U.S. The
deterministic linkage rate was high, with around 95% of
customer IDs from each pharmacy data source being matched
to a Medicare beneficiary for those aged 65 years or older.
Among these customers, we were able to identify 16,021,055
beneficiaries with a recorded first dose of a COVID-19
vaccination.

The clinical and vaccine-related information contained
within this database is important for the ongoing evaluation
of COVID-19 vaccine use and effects among older adults in
the U.S. Similar population-based cohorts with aligned aims
have been created for other countries, including Canada [25]
and the U.K. [26]. First, the large sample size and longitudinal
capture of health services use increases the statistical precision
needed to characterize understudied subgroups (e.g., persons
90+ years, women, persons with multimorbidity, and racial
and ethnic subgroups) and investigate the incidence of rare
clinical events possibly associated with COVID-19 vaccines
(e.g., Guillain-Barre and myocarditis) [6]. The clinical trial
for BNT162b2 included just under 16,000 adults 55 years
and older (approximately 8,000 per experimental group) [27].
Although recent observational studies have used large real-
world data sources to increase the representation of older
age groups, other challenges to their generalizability remain,
such as the use of a predominantly male sample [5, 28]. The
current linked, near-real-time cohort of older adults helps to
overcome many of these challenges and meet the demands

of public health and clinical decision making by including
populations typically excluded from clinical trials, particularly
persons with dementia. Additionally, as this cohort contains
time-varying clinical and sociodemographic information, target
trial emulation and advanced analytic techniques to mitigate
bias can be readily implemented. Finally, the use of pharmacy
records in conjunction with Medicare billing data (the
traditional source of vaccine information in many large
healthcare administrative databases) allowed us to identify
over one million additional beneficiaries with a first dose of
a COVID-19 vaccine.

Linking data from CVS Health and Walgreens, the two
largest private pharmacy providers in the United States,
to Medicare claims also permits the implementation of
novel research investigations and knowledge translation
beyond the use and effects of COVID-19 vaccines. For
example, the database can facilitate investigations into the
role and impact of community pharmacies on COVID-19
vaccine access and uptake. Additionally, the formal sharing
of resources across public and private institutions directly
facilitates knowledge translation and more rapid insights
for knowledge-users. Indeed, as community pharmacies are
a unique and rapidly expanding access point to health
care, including the administration of COVID-19 vaccines
and testing, connections to organizational leadership within
large pharmacy companies has the potential to improve
knowledge dissemination. Although public-private partnerships
have notable considerations and limitations [29, 30], the CDC
supports their formation, and prior public-private data linkages
during the 2009 H1N1 pandemic held notable value [31].

Limitations

Although the current database addresses several existing gaps
in the infrastructure to evaluate COVID-19 vaccine safety
and effectiveness, there are limitations. Most importantly, we
are not able to capture vaccinations received through mass
vaccinations sites or other locations where vaccine receipt
was not captured by CMS health administrative data sources
(e.g., a billing to Medicare). Nevertheless, we identified over
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16 million beneficiaries with at least one dose of a COVID-
19 vaccine, representing a large population that is well suited
to examine vaccine safety and effectiveness, particularly for
booster vaccinations in the era of emerging new variants.
Secondly, though our overall match rate was high, some CVS
Health and Walgreens customers we were not matched to a
Medicare beneficiary ID. We assume these non-linkages occur
at random given that the characteristics of the final, matched
cohort are similar to that of the general Medicare population
(e.g., 74% vs. 76% White, 11% vs. 11% Black, 56% vs. 55%
female, 33% vs 36% Medicare Advantage beneficiaries) [12].
However, if certain groups were more likely to be excluded due
to not being matched (e.g., those more likely to have SARS-
CoV-2 infection), selection bias and reduced generalizability
are potential limitations of the database [32]. Further, the
database is unable to capture SARS-CoV-2 infections that are
not measured as COVID-19 diagnoses in administrative data.
Therefore, the database is likely to underdiagnose COVID-19
disease, and measured cases are likely more serious than the
average SARS-CoV-2 infection. Finally, the current database
does not include up-to-date clinical encounter information for
Medicare Advantage beneficiaries due to a lag in availability
of Medicare Advantage Encounter data. Despite the lag, the
nature of COVID-19 vaccination billing and the Medicare
enrolment files afford access to demographic, enrolment, and
vaccination data that remain useful for many studies of these
beneficiaries.

Investigators funded by the NIA who establish data use
agreements with each of the data partners who contribute
to COVVAXAGE can access these data. Investigators with
funded or who have in-progress funding applications to the
NIA who are interested in learning more about the database
should reach out to Vincent Mor [Vincent_mor@brown.edu]
or Kaleen Hayes [kaley_hayes@brown.edu].
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Supplementary Appendix

Methods Supplementary

Data sources and Medicare claims files

The following files from the Center for Medicare and
Medicaid Services (CMS) were the primary data used after
the CVS and Walgreens customer data were matched to a
Medicare beneficiary (January 2016 to August 2022): Common
Medicare Environment/Medicare Beneficiary Summary File
(MBSF; demographics, enrollment, cost/utilization, history
of chronic conditions); Medicare Parts A and B claims
(e.g., inpatient, outpatient, carrier, long-term care claims,
which include vaccination billings that would occur outside
of the pharmacy setting), Medicare Advantage Encounter
Data (outpatient/carrier encounters for Medicare Advantage
enrollees; available through December 2020), and Part D

event data (prescription drug claims). Medicare claims data
are administrative billing data generated through healthcare
encounters (e.g., physician visits, hospitalizations) that can
be used to derive longitudinal information about vaccine
receipt, diagnoses, medication use, facilities use, healthcare
utilization, and other clinical variables. Diagnoses are provided
via International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) codes [33]. Procedures
(including vaccination events, diagnostic testing, etc.) are
captured via Common Procedural Terminology (CPT) codes.
Medical devices and supply use are captured using Healthcare
Common Procedure Coding System (HCPCS) codes. Other
CMS files available for linkage include the Outcome
and Assessment Information Set (OASIS; 2016-2020), the
Inpatient Rehab Facility-Patient Assessment Instrument (IRF-
PAI; 2016-2020), and the Long-term Care Minimum Data Set
(MDS (2016–2022).

Supplementary Table 1: Common Procedural Terminology (CPT) Codes used to Identify COVID-19 vaccinations in Medicare claims
data

Vaccine type, Dose Manufacturer Dose CPT Code

BNT162b2 Pfizer, BioNTech Dose 1 0001A
mRNA-1273 Moderna Dose 1 0011A
JNJ-78436735 Johnson & Johnson Dose 1 0034A
BNT162b2 Pfizer, BioNTech Dose 2 0002A
mRNA-1273 Moderna Dose 2 0012A
BNT162b2 Pfizer, BioNTech Dose 3 0003A
BNT162b2 Pfizer, BioNTech Booster Dose 0004A
BNT162b2 Pfizer, BioNTech Booster Dose 0124A
JNJ-78436735 Johnson & Johnson Booster Dose 0031A
mRNA-1273 Moderna Booster Dose 0134A
mRNA-1273 Moderna Dose 3 0013A
mRNA-1273 Moderna Booster Dose 0064A

Supplementary Table 2.1: Number of CVS Health IDs by match/no-match across all records (vaccine and drug history)

Type of record Match type
All CVS Health IDs CVS Health IDs 65+

# % # %

Total 27,086,723 100.0% 22,165,224 100.0%

All Records Match 24,016,176 88.7% 20,906,184 94.3%
One CVS Health ID to One BID 20,138,112 74.3% 17,574,851 79.3%

Many CVS Health IDs to One BID 1,541,987 5.7% 1,340,133 6.0%
Many BIDs to One CVS Health ID, Resolved 2,336,077 8.6% 1,991,200 9.0%

No Match 3,070,547 11.3% 1,259,040 5.7%
Potential Candidates not found 2,761,956 10.2% 1,105,319 5.0%

Many BIDs to One CVS Health ID, Unresolved 308,591 1.1% 153,721 0.7%
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Supplementary Table 2.2: Number of Walgreens IDs by match/no-match across all records (vaccine and drug history)

Type of record Match type All Walgreens IDs Walgreens IDs 65+
# % # %

Total 23,510,025 100.0% 19,069,353 100.0%

All Records Match 22,519,900 95.8% 18,311,833 96.0%
One WAG ID to One BID 20,216,716 86.0% 16,412,633 86.1%

Many WAG IDs to One BID 1,424,560 6.1% 1,164,851 6.1%
Many BIDs to One WAG ID, Resolved 878,624 3.7% 734,349 3.9%

No Match 990,125 4.2% 757,520 4.0%
Potential Candidates not found 818,512 3.5% 618,630 3.2%

Many BIDs to One WAG ID, Unresolved 171,613 0.7% 138,890 0.7%

BID – Medicare beneficiary identifier. WAG – Walgreens.

Supplementary Table 2.3: Summary of matched Medicare beneficiary IDs (BIDs) in the COVid VAXines Effects on the Aged
(COVVAXAGE) database alive and with a valid address at first observable week of Medicare enrollment∗

BIDs
Data source Total Age 65+

n % n %

Total 38,116,281 100.00% 28,251,114 100.00%
CVS Health customer only 16,472,713 43.22% 12,573,226 44.51%
Walgreens customer only 15,398,313 40.40% 10,600,585 37.52%
Both CVS Health and Walgreens 6,245,255 16.38% 5,077,303 17.97%

BID – Medicare beneficiary identifier.
∗N = 134, 592 beneficiaries died or had an invalid address before their first observable week of Medicare enrollment.

Supplementary Table 3: Characteristics of Matched versus Unmatched IDs (age 65+ only) from CVS Health and Walgreens
Databases

Matched to medicare Not matched aSMDBeneficiary

CVS Health
Average Age in years, mean (SD) 73.8 (7.2) 73.0 (8.1) 0.09
% Female 57% 39% 0.37

Walgreens
Average Age in years, mean (SD) 74.0 (7.1) 74.0 (7.6) 0.12
% Female 59% 39% 0.41

aSMD-absolute standardized mean difference. An aSMD > 0.10 (10%) is considered to be a large enough difference to be potentially
important [24].
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Supplementary Table 4: Counts and percentages of beneficiaries with a first dose of a COVID-19 vaccination identified via a
medicare claim only, a pharmacy record only, or both, over time in the COVid VAXines effects on the aged (COVVAXAGE)
database

year Month Medicare Pharmacy Both medicare & Total N % Medicare∗ % Pharmacy∗ % Both∗
only, n only, n pharmacy, n

2020 Dec 47,026 39,832 183,081 269,939 17.42% 14.76% 67.82%

2021 Jan 3,427,518 275,920 1,431,237 5,134,675 66.75% 5.37% 27.87%
Feb 3,349,877 234,168 1,273,435 4,857,480 68.96% 4.82% 26.22%
Mar 2,006,305 158,765 644,657 2,809,727 71.41% 5.65% 22.94%
Apr 768,656 89,367 303,228 1,161,251 66.19% 7.70% 26.11%
May 363,536 78,693 237,167 679,396 53.51% 11.58% 34.91%
Jun 127,969 41,096 105,090 274,155 46.68% 14.99% 38.33%
Jul 139,006 55,760 138,600 333,366 41.70% 16.73% 41.58%
Aug 218,393 89,011 193,662 501,066 43.59% 17.76% 38.65%

∗percentage of total vaccines administered in that month.
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