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Protocol Synopsis/Executive Summary 
Background and Introduction 

Coronavirus disease 2019 (COVID-19), caused by the novel strain of coronavirus called severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), is a global pandemic affecting the United States (US) and other countries 
throughout the world. COVID-19 may range in severity from asymptomatic to fatal, and COVID-19 illness may be 
associated with a variety of sequelae. There is currently a lack of data from large US data sources quantifying the 
risk of many known or potential adverse events (AEs) associated with COVID-19 infection before the introduction 
of COVID-19 vaccines. A number of these AEs are currently monitored after exposure to COVID-19 vaccines by the 
US Food and Drug Administration (FDA) in large administrative claims databases as part of active surveillance of 
COVID-19 vaccines. Thus, we aim to assess the risk of AEs after a COVID-19 diagnosis prior to the first eligible 
COVID-19 vaccination in 2 large US data sources. 

Study Objectives 

The objective of this study is to estimate the risk of specified AEs after a COVID-19 diagnosis compared with not 
having a COVID-19 diagnosis in adults aged 18 years or greater in the US. 

Data Sources 

This study will be performed in 2 data sources participating in the FDA Center for Biologics Evaluation and 
Research (CBER) Biologics Effectiveness and Safety (BEST) Initiative: MerativeTM MarketScan® Commercial 
Database and US Centers for Medicare and Medicaid Services (CMS) Medicare data. Both are US administrative 
claims databases. All analyses will be performed separately in the 2 databases following a common protocol. 

Study Design and Definitions 

This study will use 2 study designs: a cohort design comparing individuals with COVID-19 diagnoses and matched 
comparators without a COVID-19 diagnosis; and a self-controlled risk interval (SCRI) design comparing a risk 
window after COVID-19 diagnosis with reference windows within the same individuals before their COVID-19 
diagnosis and after the risk window. The study period for the cohort design will begin on 1 Apr 2020 (the date the 
International Classification of Diseases, Tenth Revision, Clinical Modification [ICD-10-CM] code for COVID-19 was 
introduced), and the study period for the SCRI design will begin on 1 Jun 2020 (after healthcare utilization in the 
US returned to pre-pandemic levels after COVID-19–related disruptions). The study period for both designs will 
end on 10 Dec 2020, the day before the introduction of COVID-19 vaccines in the US. The study will include 
individuals aged 18 years or greater in the US diagnosed with COVID-19; the cohort design will also include a 
matched comparator group of individuals without a COVID-19 diagnosis. 

The primary exposure of interest for both the cohort and SCRI designs will be a recorded diagnosis of COVID-19 in 
claims data. For the cohort design, a comparator group of individuals without a COVID-19 diagnosis will be 
identified through individual-level matching by key demographic and clinical characteristics by calendar date. For 
the SCRI design, periods of exposure (the “risk window”) and nonexposure (“reference windows”) will be 
identified within individuals with a COVID-19 diagnosis. 

The outcomes of interest for this study include 16 AEs that have previously been identified, evaluated, or 
proposed as potential AEs after COVID-19 vaccination. Covariates will be identified to describe patient 
characteristics in both the SCRI and cohort designs and to describe differences between exposure groups in the 
cohort design. Additionally, covariates will be used in propensity score models in the cohort design. Covariates will 
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include demographic characteristics, conditions identified as increasing an individual’s risk of specific AEs, 
comorbidities, healthcare utilization, and other characteristics. 

Statistical Methods 

In the cohort design, the incidence of each AE will be evaluated and compared between the 2 exposure groups 
within AE-specific analyses sets defined after application of AE-specific exclusion criteria. Stabilized inverse 
probability of treatment (sIPT) weights will be estimated and applied to address differences in measured 
covariates between groups. Time period–specific cumulative incidences and hazard ratios (HRs) with 95% 
confidence intervals (CIs) will be estimated. Negative control analyses will evaluate the potential presence of 
residual bias. 

In the SCRI design, the incidence of each AE during the AE-specific risk windows after COVID-19 diagnosis will be 
compared with the incidence in pre-exposure and postexposure reference windows with conditional logistic 
regression models accounting for outcome-dependent observation windows separated from the risk window by 
pre-exposure and postexposure buffers, estimating relative incidence (RI) and 95% CIs. Attributable risks will also 
be estimated. Additionally, sensitivity analyses will evaluate the RI in a 7-day pre-exposure window (during the 
pre-exposure buffer) and in the postexposure buffer due to uncertainty about the course of COVID-19 illness 
relative to the recorded diagnosis. 

In both study designs, subgroup analyses within sex, age group, immunocompromised status, hospitalized COVID-
19 status, and calendar time may be performed. Also, sensitivity analyses will be performed adding additional 
exclusion criteria to reduce the impact of potential misclassification of COVID-19 status. 
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1. Background and Introduction 
Coronavirus disease 2019 (COVID-19), caused by the novel strain of coronavirus called SARS-CoV-2, is a global 
pandemic affecting the United States (US) and countries throughout the world. COVID-19 spreads aggressively and 
presents severely in some individuals.1 The first COVID-19 case was reported in China in December 2019,2 and the 
first non–travel-related US case was confirmed in February 2020 in a California resident.3 COVID-19 may range in 
severity from asymptomatic to fatal, and COVID-19 illness may be associated with a variety of sequelae. 

Multiple COVID-19 vaccines have been authorized in the US under emergency use authorization or approval. Post-
authorization safety monitoring during the COVID-19 pandemic vaccination program aims to continuously 
evaluate the safety of COVID-19 vaccines to rapidly detect potential safety concerns. Inferential studies evaluate 
signals from monitoring programs, such as the US Food and Drug Administration (FDA) and US Centers for Disease 
Control and Prevention’s Vaccine Adverse Event Reporting System (VAERS), and the FDA’s active surveillance 
systems—the Biologics Effectiveness and Safety (BEST) Initiative. Inferential studies provide the analytical 
framework to assess the risk of AEs following immunization. Many of the postvaccination AEs, either observed or 
hypothesized, may also be associated with COVID-19 infection. Previous studies from several countries have 
evaluated the association between various aspects of COVID-19 (e.g., COVID-19 hospitalization, diagnosis, or 
positive test) and select AEs using cohort,4-7 case-control,8 and self-controlled6,9-11 study designs. These studies 
have demonstrated increased risks of acute kidney injury,4,8 arrhythmia,4,8 deep vein thrombosis (DVT)/pulmonary 
embolism,4,8,11 intracranial hemorrhage,4 myocardial infarction,4,6,8,9,11 ischemic stroke,6,9-11 and 
myocarditis/pericarditis,4,5,7,8 with COVID-19 infection in various populations. However, there is currently little 
evidence quantifying the risk of many known or potential AEs associated with COVID-19 infection, and a number 
of these AEs are currently monitored after exposure to COVID-19 vaccines by the FDA in large administrative 
claims databases as part of active safety surveillance of vaccines. Thus, we aim to assess the risk of AEs after a 
COVID-19 diagnosis in 2 large US data sources before the introduction of COVID-19 vaccination. 

Results from this study will help contextualize the results from COVID-19 vaccine safety studies assessing the risk 
of AEs after COVID-19 vaccination. 

2. Study Objectives 
The objective of this study is to estimate the risk of specified AEs associated with a COVID-19 diagnosis in adults 
aged ≥ 18 years in the US. 

To accomplish these objectives, this study will use 2 analytic designs: a cohort design comparing individuals with 
COVID-19 diagnoses and matched comparators without a COVID-19 diagnosis (Section 5); and a self-controlled risk 
interval (SCRI) design comparing a risk window after COVID-19 diagnosis with reference windows within the same 
individuals before the COVID-19 diagnosis and after the risk window (Section 6). 

3. Data Sources 
This study will be performed in 2 administrative claims databases participating in the FDA CBER BEST Initiative: the 
MerativeTM MarketScan® Commercial Databasei and the US Centers for Medicare and Medicaid Services (CMS) 
Medicare database. All analyses will be performed separately in the 2 databases. 

Diagnoses will be identified with ICD-10-CM codes, and pharmacy dispensing will be identified with National Drug 
Codes. Procedure codes will be assessed with Current Procedural Terminology (CPT), Healthcare Common 

 
i Merative and MarketScan are trademarks of Merative Corporation in the US, other countries, or both. 
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Procedure Coding System (HCPCS), or International Classification of Diseases, Tenth Revision, Procedure Coding 
System (ICD-10-PCS) codes. 

3.1. MarketScan Commercial Claims 
The MarketScan Commercial Database contains person-level clinical utilization, expenditures, and enrollment 
information from inpatient, outpatient, prescription drug, and carve-out services. The MarketScan Commercial 
Database contains insurance claims and enrollment data for employees, Consolidated Omnibus Budget 
Reconciliation Act (COBRA) continuees, spouses, and dependents with employer-based commercial insurance 
from large employers, health plans, and government and public organizations throughout the US. This study will 
include data from the years 2019 through 2020, and it will only consider adults aged 18 to 64 years. 

3.2. US Medicare Fee-for-Service Claims 
Medicare is a federal program providing health insurance coverage to individuals aged 65 years and older, as well 
as individuals aged younger than 65 years who have end-stage renal disease (ESRD) or are disabled. This study will 
use Medicare medical claims and enrollment data from individuals aged 65 years and older only with fee-for-
service Medicare Part A (inpatient hospital care) and Part B (outpatient care and physician services). Medicare fee-
for-service enrollment will be assessed using the Medicare Enrollment Database (EDB) and Common Medicare 
Environment (CME), and individuals’ medical services and diagnoses will be assessed with the Shared Systems 
Data (SSD). Additionally, nursing home stays are identified through SSD and assessment data in the Minimum Data 
Set (MDS). This study will include data from the years 2019 through 2020. 

4. Definitions 
Exposure, outcome, and covariate variables will be consistent across the cohort and SCRI designs, which are 
described here in Section 4. 

Details of the study populations, eligibility criteria, study designs, and analyses differ between the cohort and SCRI 
designs; they are described separately in Section 5 (cohort) and Section 6 (SCRI). 

4.1. Exposure Assessment 
The primary exposure of interest for both the cohort and SCRI designs will be a recorded diagnosis of COVID-19 
(ICD-10-CM code U07.1) in claims from inpatient, emergency department (ED), outpatient, or 
professional/provider claims, in any diagnosis position excluding hospital admitting diagnoses in Medicare, as 
these initial diagnoses upon hospital presentation are typically less reliable than discharge diagnoses (Appendix A, 
Table A-1). The service date when the diagnosis was recorded, as appropriate for each source of data (e.g., the 
admission date for facility-level diagnoses, the service date for provider-level diagnoses) will be the diagnosis date. 
See Appendix A, Table A-2 for operational details of the primary exposure assessment (i.e., COVID-19 diagnosis). 
Validation studies have reported that the ICD-10-CM code for COVID-19 has reasonably high validity, particularly 
for hospitalized COVID-19.12-19 However, some individuals with COVID-19 may not seek care and may not have 
received a recorded diagnosis of COVID-19 in a medical setting; thus, this study evaluates recorded COVID-19 
diagnoses rather than all COVID-19 infections. 

For the cohort design, a comparator group of individuals without a COVID-19 diagnosis will be identified 
(Section 5.2.2.2). For the SCRI design, periods of exposure (the “risk window”) and nonexposure (“reference 
windows”) will be identified among individuals with a COVID-19 diagnosis (Section 6.2.4). 

For both designs, the date of the COVID-19 diagnosis will be Time 0 for the analysis, and eligibility criteria will be 
evaluated relative to that date (Section 5.2.3; Section 6.2.3; Appendix A, Table A-3). 
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4.2. Outcome Definition and Assessment 
The outcomes of interest for this study, along with their associated washout windows and risk windows, include 
those that have previously been identified, evaluated, or proposed as potential AEs after COVID-19 vaccination.20-23 
Outcomes evaluated in this study with their proposed postexposure risk windows and washout windows (or 
“clean windows” before AE occurrence to ensure identification of a new-onset event) and are shown in Table 1. 
Because some AEs may increase the risk of mortality, violating a key assumption of the SCRI (Section 6.1), not all 
outcomes will be evaluated with the SCRI design. Because of differences in mortality rates between the older 
Medicare population and the younger commercially insured population in MarketScan, the extent of these 
violations may vary across data sources, and, thus, the determination of which outcomes to evaluate with a SCRI 
design may also vary by data source. Additionally, some outcomes may be too rare to evaluate with the SCRI. 

For complete operational details to define AE outcome variables, see Appendix A, Table A-4. The cohort and SCRI 
designs will apply the washout windows differently: the cohort study applies the washout window before the date 
of COVID-19 diagnosis or matched Time 0 (exposure), and the SCRI applies the washout window before the date of 
the AE (outcome), but in both designs, the washout window is intended to ensure identification of new-onset disease. 
The risk windows for the outcomes shown in Table 1 all contain day 0 (i.e., the date of the COVID-19 diagnosis in 
the exposed group), as some COVID-19 diagnoses may be identified within the same encounter as the outcome 
secondary to individuals seeking care for the AE; this differs from many studies of AEs following receipt of COVID-
19 vaccines that start the risk window on day 1 to ensure temporal ordering of vaccine and outcomes.22 However, 
it is unlikely that new-onset COVID-19 could occur after a diagnosis of an AE on the same day. 

Table 1. Adverse Events and Their Associated Washout Windows and Risk Windows 

Adverse events Washout 
window 

Risk 
window 

Evaluated 
with cohort 
design 

Evaluated 
with SCRI 
design, 
MarketScan 

Evaluated 
with SCRI 
design, 
Medicare 

Guillain-Barré syndrome Days [−365 to −1] Days [0, 41] X X X 
Bell’s palsy  Days [−183 to −1] Days [0, 41] X X X 
Encephalitis / encephalomyelitis Days [−183 to −1] Days [0, 41] X   
Narcolepsy  Days [−365 to −1] Days [0, 41] X X X 
Appendicitis  Days [−365 to −1] Days [0, 41] X X X 
Nonhemorrhagic stroke Days [−365 to −1] Days [0, 27] X   
Hemorrhagic stroke Days [−365 to −1] Days [0, 27] X   
Acute myocardial infarction Days [−365 to −1] Days [0, 27] X   
Myocarditis / pericarditis Days [−365 to −1] Days [0, 41] X X X 
Deep vein thrombosis Days [−365 to −1] Days [0, 27] X X X 
Pulmonary embolism a  Days [−365 to −1] Days [0, 27] X X  
Disseminated intravascular 
coagulation 

Days [−365 to −1] Days [0, 27] X X  

Immune thrombocytopenia Days [−365 to −1] Days [0, 41] X X X 
Transverse myelitis Days [−365 to −1] Days [0, 41] X X X 
Unusual site thrombosis with 
thrombocytopenia syndrome 

Days [−365 to −1] Days [0, 41] X   

Common site thromboses with 
thrombocytopenia syndrome 

Days [−365 to −1] Days [0, 41] X   

SCRI = self-controlled risk interval. 
a Evaluated separately in inpatient settings only, and overall in combined inpatient, outpatient, or provider claims settings. 



15 

Additionally, negative control outcomes will be identified during follow-up to evaluate the potential presence of 
confounding by differences in health status between the exposure groups, differences in healthcare-seeking 
behavior between groups, and/or other biases in the cohort design. For an event to be a valid negative control 
outcome, it should not be caused by the exposure and, to the extent possible, the set of common causes of the 
exposure and outcome used in the primary analyses should be similar to the common causes of the exposure and 
the negative control outcome.24 The identified potential negative control outcomes are acute events—some of 
which have been used in other studies of vaccination safety/effectiveness or COVID-19 infection20,25—including 
the following: 

• Colonic diverticulitis 
• Laceration of hand or finger 
• Gout 
• Arm/leg cellulitis 

4.3. Covariate Definitions and Assessment 
Covariates will be identified in individuals’ data before or on Time 0. Full details of the operational definitions for 
covariates are given in Appendix A, Table A-5. 

These variables will be used to describe patient characteristics and differences between exposure groups (cohort 
design) and as covariates in propensity score models that are used to derive weights for the inferential analyses 
(cohort design). Covariates will include demographic characteristics, conditions identified as increasing individuals’ 
risk of specific AEs, comorbidities, healthcare utilization, and other characteristics. All covariates will be identified 
for each individual to describe the study population. Outcome-specific risk factors and potential confounders will 
be curated from the full list of covariates for inclusion in outcome-specific propensity score models, as appropriate 
for each outcome (Appendix A, Table A-6). Identified covariates will include the following: 

• Demographic characteristics on Time 0 

o Age (recorded both as a continuous variable and categorized as 18-34 years, 35-49 years, 50-64 years, 
65-79 years, and ≥ 80 years) 

o Sex, as reported in database enrollment 
o County of and state of residence, Medicare; metropolitan statistical area (MSA) (or residence outside 

an MSA) and state of residence, MarketScan 
o US geographic region (northeast, north central, south, west, unknown) 
o Race/ethnicity (categorized as American Indian/Alaska Native, Asian, Black or African American, 

Hispanic/Latin American/Latinx, White, a race/ethnicity not listed, not provided) (available in 
Medicare only) 

o Dual Medicare/Medicaid eligibility status (available in Medicare only) 
o Reason for entering Medicare (aged-in, disability, ESRD) (available in Medicare only) 

• Healthcare setting on Time 0 

o Hospitalization status on Time 0 
o Skilled nursing facility (SNF)/long-term care (LTC) status on Time 0 (identified in Medicare only) 

• Conditions increasing individuals’ risk of specific AEs, other comorbidities, and frailty indicators,26 in the 
365 days before Time 0 (unless otherwise noted) 

o Animal exposure/bites or rabies 
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o Antiphospholipid syndrome 
o Autoimmune disorders (i.e., inflammatory bowel disease, multiple sclerosis, psoriasis, rheumatic 

arthritis, systemic lupus erythematosus, other) 
o Brain lesions related to secondary narcolepsy 
o Cancer 
o Chronic lymphocytic leukemia 
o Chronic kidney disease (CKD) or other renal disease (any CKD in MarketScan; CKD other than ESRD in 

Medicare) 
o ESRD (identified in Medicare only) 
o Chronic liver disease 
o Chronic lung diseases (e.g., asthma, chronic obstructive pulmonary disease, cystic fibrosis, pulmonary 

embolism) 
o Dementia or other neurological conditions 
o Diabetes mellitus, type 1 or 2 
o Disseminated intravascular coagulation (this will serve as an exclusion criterion for analyses of 

disseminated intravascular coagulation as an outcome, but will serve as a covariate for other 
outcomes) 

o Heart conditions (e.g., heart failure, coronary artery disease, arrhythmias, rheumatic heart disease) 
o Hemiplegia or paraplegia 
o Herpes simplex virus infection 
o Hypertension 
o Immunocompromised state (i.e., human immunodeficiency virus [HIV], hematological malignancy, 

immune deficiency, solid malignancy, rheumatological/inflammatory disorder, organ transplant) 
o Infections associated with Guillain-Barré syndrome (GBS) (i.e., E. coli, campylobacter, H. influenzae, 

Japanese encephalitis, Chikungunya, Zika, Varicella, hepatitis E, HIV, cytomegalovirus, M. pneumoniae, 
Epstein-Barr, influenza) 

o Viral infections associated with immune thrombocytopenia (i.e., varicella, HIV, cytomegalovirus) 
o Infections associated with myocarditis/pericarditis27,28 (i.e., adenovirus, campylobacter, 

coxsackieviruses, cytomegalovirus, diphtheria, echovirus, E. coli, Epstein-Barr, HIV, Lyme disease, 
parvovirus, rickettsia, rubella, staphylococcus, streptococcus, viral hepatitis) 

o Inpatient surgery (evaluated in the 90 days before but not including Time 0) 
o Lipid abnormality 
o Mental health conditions 
o Nutritional deficiencies 
o Obese or severely obese 
o Peripheral vascular disease 
o Pneumonia or other lower respiratory tract infection 
o Pregnancy (evaluated in the 280 days before and including Time 0, in MarketScan only) 
o Sepsis 
o Sickle cell disease or thalassemia 
o Smoking/nicotine dependency 
o Stroke or cerebrovascular disease 
o Thromboembolism (this covariate has some overlap with some outcome definitions that also serve as 

outcome-specific exclusion criteria, but it will serve as a covariate for other outcomes) 
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o Thrombophilia 
o Trauma (evaluated in the 90 days before but not including Time 0) 
o Tuberculosis 

• Healthcare utilization measured in the 365 days before Time 0 

o Inpatient hospital stays (0, 1-2, 3+) 
o ED visits (0, 1-2, 3+) 
o Outpatient visits (0, 1-2, 3-5, 6-10, 11+) 
o SNF/LTC stay (SNF and LTC both identified in Medicare; SNF identified in MarketScan only) 
o Influenza vaccination 

5. Cohort Design 
5.1. Study Design 
The cohort design will identify an exposure group of individuals who have been diagnosed with COVID-19, and a 
comparator group of individuals without a diagnosis of COVID-19 will be identified with individual-level matching 
based on key demographic and clinical characteristics as described in Section 5.2.2.2. Incidence of each AE will be 
evaluated and compared between the 2 groups. 

The cohort design will allow for evaluation of AE risk after COVID-19 diagnosis over all available follow-up and 
within potential specified risk windows; it will also allow for the estimation of incidence rates of AEs. 

5.2. Study Population 
Adults aged 18 to 64 years with commercial insurance or aged 65 years or greater enrolled in Medicare fee-for-
service with an incident COVID-19 diagnosis (identified in inpatient or outpatient/provider claims settings) and 
matched individuals without a COVID-19 diagnosis will be identified for the analyses. One overall study cohort will 
be identified within each database, and then individual outcome-specific analysis sets will be identified for the 
analysis of each AE (see Section 5.3.1.2 for the definitions of each outcome-specific analysis set). 

5.2.1. Study Period 
The cohort entry period, the timeframe in which individuals will be eligible to enter the study cohort and the 
timeframe during which all Time 0s must occur, will be from 1 Apr 2020 (the date on which the ICD-10-CM code 
for COVID-19 [U07.1] was introduced) to 10 Dec 2020 (the day before the first COVID-19 vaccine was authorized 
for use in the US), inclusive. This approach will allow for evaluation of AEs after receiving a specific COVID-19 
diagnosis but before the introduction of COVID-19 vaccines so that rates of AEs will be unaffected by vaccine-
related events. 

For individuals included in the study cohort, additional data from before the cohort entry period—back to 2 Apr 
2019 (i.e., 365 days before the earliest possible index date)—will be used to evaluate eligibility criteria, washout 
windows, and covariates. No data after 10 Dec 2020 will be used. 

5.2.2. Cohort Entry 
First, the exposure group (i.e., those with a COVID-19 diagnosis) will be identified on the date of a COVID-19 
diagnosis. After identification of the exposure group, a comparator group will be identified through matching. 
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5.2.2.1. Time 0 in the Exposure Group 
Exposed individuals with a COVID-19 diagnosis will be identified at their first recorded diagnosis of COVID-19 
(Section 4.1) during the cohort entry period. The date of the first recorded diagnosis of COVID-19 during the 
cohort entry period will be Time 0 for the exposure group. Eligibility criteria will be evaluated relative to Time 0 
(Section 5.2.3), and all individuals in the exposure group meeting the eligibility criteria will be included in the 
matching algorithm to identify the comparator group. 

5.2.2.2. Matching for Comparator Group 
Comparator individuals without a COVID-19 diagnosis will be matched to individuals in the COVID-19 group. The 
matching process will include calendar time, geographic region, and individual characteristics to account for 
changes in COVID-19 incidence, COVID-19 testing availability and practice, seasonality of outcomes, and 
healthcare utilization patterns as well as individual risk of COVID-19 and outcomes. 

Starting on the first calendar date of the cohort entry period, the following steps will be taken: 

• All COVID-19–diagnosed individuals with Time 0 on the calendar date will be identified. 
• All other individuals enrolled in the data source on that calendar date without record of a COVID-19 

diagnosis on or before that calendar date will be identified as potential comparators. 

o The eligibility criteria (Section 5.2.3) for comparator individuals will be evaluated on that calendar 
date. Those meeting eligibility criteria will be considered as potential matches. 

• Eligible comparator individuals will then be 1:1 exact matched, with replacement, to eligible exposure 
individuals on the following characteristics: 

o Age, in years, in approximately 5-year increments (18-24 years, 25-29, 30-34, 35-39, and so on) 
o Sex 
o Geographic region of residence (county and state in Medicare; MSA and state or non-MSA residence 

and state in MarketScan) 
o Immunocompromised status (yes/no) 
o Hospitalization status on Time 0 (yes/no) (matched on admission date for Medicare; matched on 

evidence of any inpatient claims on Time 0 for MarketScan) 
o SNF/LTC residence on Time 0 (yes/no) (identified in Medicare only) 

Individuals with missing values for any of the matching variables will not be matched. The exposure and 
comparator individuals successfully matched on the calendar date will be selected for inclusion in the final 
matched cohort. The calendar date of Time 0 for the exposed individual will be assigned as the calendar date of 
Time 0 for the matched comparator. If the matching process results in less than 90% of individuals in the exposure 
group being retained for a database (i.e., > 10% excluded for failing to match), the matching criteria will be re-
evaluated, and some characteristics might be dropped as matching characteristics and only included as covariates 
in propensity score models. 

This process will be repeated chronologically on each calendar date of the cohort entry period. Comparator 
individuals will be matched with replacement; comparator individuals who were successfully matched and 
selected on a previous calendar date will continue to be considered for the exposure and comparator groups on all 
future calendar dates on which they meet the eligibility criteria. Thus, a comparator individual may be selected 
multiple times on the same date as a comparator and/or selected on different dates as in the exposure and 
comparator groups. Comparator individuals without a COVID-19 diagnosis who subsequently receive a COVID-19 
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diagnosis will be eligible for the comparator group on each calendar date meeting the eligibility criteria before 
their first COVID-19 diagnosis. These individuals will not be eligible for the comparator group on the day of or any 
day after their first COVID-19 diagnosis. They will be eligible for the exposure group on the calendar date when 
they receive a COVID-19 diagnosis. The variance estimation will account for the presence of repeated individuals 
in the study cohort with robust variance estimators. 

All individuals in the exposure and comparator groups who were successfully matched on any calendar date will 
be combined into the overall matched cohort with their respective Time 0 dates. 

5.2.3. Eligibility Criteria 
All eligibility criteria (Appendix A, Table A-3) will be evaluated relative to Time 0 for all members of the cohort in 
either exposure group (Figure 1). 
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Figure 1. Eligibility Assessment, Covariate Assessment, and Follow-up Windows Relative to Time 0 for the 
Cohort Design 

 
AE = adverse event; COVID-19 = coronavirus disease 2019; LTC = long-term care; SNF = skilled nursing facility. 
a Gaps in insurance coverage of a maximum of 31 days are permitted in MarketScan. 
b Pregnancy status identified in MarketScan only. 
c Outcome-specific washout windows are applied only to analyses of individual AEs, not to the base study cohort. 
d Bell’s palsy and encephalitis/encephalomyelitis. 
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e All outcomes other than Bell’s palsy and encephalitis/encephalomyelitis. 
f Occurrence of the event of interest or censoring at the earliest of the following: disenrollment from the database (gaps in insurance 

coverage of a maximum of 31 days are permitted in MarketScan); death (available in Medicare only); end of the study period (10 Dec 
2020); or the day before COVID-19 diagnosis in comparators for both the comparator and the individual with COVID-19 to whom they 
were matched. 

Note: The cohort entry period (the time during which all Time 0 dates must occur) begins on 1 Apr 2020, but lookback periods may extend 
before 1 Apr 2020, as far back as 2 Apr 2019. 

The eligibility criteria will consist of the following: 

• Inclusion criteria 

o Is aged ≥ 18 years and < 65 years on Time 0 in MarketScan; aged ≥ 65 years on Time 0 in Medicare fee-
for-service 

o Has continuous enrollment in insurance plan for a minimum of 1 year before Time 0, days [−365 to −1] 
(gaps in insurance coverage of a maximum of 31 days are permitted only in MarketScan) 

o Has ≥ 1 healthcare claim in the year before Time 0, days [−365 to −1] 

• Exclusion criteria 

o Has a diagnosis of COVID-19 or a diagnosis indicative of COVID-19 before Time 0 using all available 
study data back to 1 Jan 2020 [1 Jan 2020 to −1] 

o Has a diagnosis of select respiratory infection potentially indicating COVID-19, between 20 Feb 2020 
and Time 0, days [20 Feb 2020 to −1] to exclude those with potential COVID-19 infections before 
COVID-19 coding was available 

All eligible individuals who are matched will be included in the overall matched cohort for descriptive analyses. 
Outcome-specific washout windows will be applied to the overall cohort to define outcome-specific analysis sets 
(Section 5.3.1.2) for outcome-specific analyses. 

5.2.4. Follow-up 
Follow-up for each AE begins on the day of Time 0, inclusive. Follow-up continues until the earliest occurrence of 
1 of the following: 

• First occurrence of the AE of interest 
• Censoring for 1 of the following occurrences: 

o Disenrollment from the database (gaps in insurance coverage of a maximum of 31 days are permitted; 
MarketScan only) 

o Death (available in Medicare only) 
o End of the study period (10 Dec 2020) 
o The day before a diagnosis of COVID-19 (comparator group only); both members of a matched pair 

will be censored when a comparator is censored due to a COVID-19 diagnosis to avoid 
disproportionate accumulation of follow-up time in later time periods in the exposure group (will not 
apply when a member of the matched pair has been excluded from outcome-specific analysis sets; 
Section 5.3.1.2). 
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5.3. Statistical Methods 
5.3.1. Data Analysis 
All statistical analyses described below will be performed separately in each data source. Descriptive analyses will 
be performed in the overall cohort identified, but outcome-specific analyses will be performed separately in 
outcome-specific analysis sets (Section 5.3.1.2). 

5.3.1.1. Descriptive Analyses 
Attrition of the study population by application of the eligibility criteria will be reported (Appendix B, Table Shell B-
1). The characteristics of individuals with a COVID-19 diagnosis who were retained after matching and those who 
failed to match will be reported (Appendix B, Table Shell B-2). 

The cohort will be evaluated with descriptive analysis of baseline covariate data by exposure groups, after 
matching but before weighting (Appendix B, Table Shell B-2). Continuous values will be summarized by mean, 
standard deviation (SD), median, and first and third quartiles. Categorical values will be summarized with total N 
and percentages. Absolute standardized differences (ASDs)29 will be calculated for variables both before and after 
weighting using the difference in means or proportions divided by the exposure group SD, as follows: 

Where μ1 and μ2 are the comparator and exposure group means, p1 and p2 are the comparator and exposure group 
proportions, respectively, and s1 is the variance in the exposure group and s2 is the variance in the comparator group. 

For multilevel categorical variables, a method using the Mahalanobis distance will be used to estimate a single 
ASD value across all levels of the categorical variable.30 

5.3.1.2. Analysis Sets 
Outcome-specific analysis sets will be created as subsets of the overall matched cohort by excluding individuals 
with occurrence of the outcome of interest within the outcome-specific washout window before Time 0 (Table 2). 
This will be done to focus on incident events occurring after Time 0 rather than continuing care for pre-existing 
conditions or recurrent events. Attrition of the study cohort into individual analysis sets will be reported (Appendix 
B, Table Shell B-1). 
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Table 2. Analysis Set for Each Specified Outcome and Definition 

Outcome-specific analysis set Those excluded from outcome-specific analysis set 
Guillain-Barré syndrome Those with Guillain-Barré syndrome within 365 days before Time 0  
Bell’s palsy  Those with Bell’s palsy within 183 days before Time 0  
Encephalitis/encephalomyelitis Those with encephalitis/encephalomyelitis within 183 days before Time 0  
Narcolepsy  Those with narcolepsy within 365 days before Time 0  
Appendicitis  Those with appendicitis within 365 days before Time 0  
Nonhemorrhagic stroke Those with nonhemorrhagic stroke within 365 days before Time 0  
Hemorrhagic stroke Those with hemorrhagic stroke within 365 days before Time 0  
Acute myocardial infarction Those with acute myocardial infarction within 365 days before Time 0  
Myocarditis/pericarditis Those with myocarditis/pericarditis within 365 days before Time 0  
Deep vein thrombosis Those with deep vein thrombosis within 365 days before Time 0  
Pulmonary embolism a Those with pulmonary embolism within 365 days before Time 0  
Disseminated intravascular 
coagulation 

Those with disseminated intravascular coagulation within 365 days before 
Time 0  

Immune thrombocytopenia Those with immune thrombocytopenia within 365 days before Time 0  
Transverse myelitis Those with transverse myelitis within 365 days before Time 0  
Unusual site thrombosis with 
thrombocytopenia syndrome 

Those with unusual site thrombosis with thrombocytopenia syndrome within 
365 days before Time 0  

Common site thrombosis with 
thrombocytopenia syndrome 

Those with common site thrombosis with thrombocytopenia syndrome within 
365 days before Time 0  

 a Evaluated separately in inpatient settings only, and in combined inpatient, outpatient, or provider claims settings; both outcomes will be 
evaluated in the same analysis set. 

Application of the outcome-specific exclusion criteria may result in the exclusion of an exposed or comparator 
individual while their corresponding matched pair is retained in the analysis set, thus breaking the matched pair. 
This situation should not be problematic, as most outcome-specific exclusion criteria are expected to be rare,23 
and all matching factors will be included in propensity score models to ensure that the balance of matching factors 
is retained after exclusions and weighting. 

5.3.1.3. Outcome Analyses 
Each specific outcome will be analyzed within the outcome-specific analysis set (Table 2). For each AE, propensity 
scores will be estimated using logistic regression with exposure group status on Time 0 as the response variable 
(exposure group = 1; comparator group = 0) and matching factors and prespecified covariates for each AE as the 
independent variables; the forms for each variable used in the model are shown in Appendix A, Table A-6. 
Prespecified covariates will be specific to each AE (Appendix A, Table A-6) and will include variables that are 
associated with both COVID-19 diagnosis and the AE, selected based on risk factors and disease etiology. After 
estimation of the propensity scores, their distribution will be plotted by exposure group to visualize the degree of 
overlap (Appendix B, Figure Shell B-1). 

Using the following formula, sIPT weights will be calculated for each individual: 

 

𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠 𝑤𝑤𝑤𝑤𝑐𝑐𝑤𝑤ℎ𝑐𝑐 =

⎩
⎨

⎧ 𝑝𝑝𝑐𝑐 ×
1
𝑝𝑝𝑐𝑐

 𝐹𝐹𝑐𝑐𝐹𝐹 𝑐𝑐𝑜𝑜𝑐𝑐𝑤𝑤𝐹𝐹𝑜𝑜𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐 𝑐𝑐ℎ𝑤𝑤 𝑤𝑤𝑒𝑒𝑝𝑝𝑐𝑐𝑐𝑐𝑤𝑤𝑑𝑑 𝑤𝑤𝐹𝐹𝑐𝑐𝑐𝑐𝑝𝑝

(1 − 𝑝𝑝𝑐𝑐) ×
1

1 − 𝑝𝑝𝑐𝑐
 𝐹𝐹𝑐𝑐𝐹𝐹 𝑐𝑐𝑜𝑜𝑐𝑐𝑤𝑤𝐹𝐹𝑜𝑜𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐 𝑐𝑐ℎ𝑤𝑤 𝑐𝑐𝑐𝑐𝑤𝑤𝑒𝑒𝑝𝑝𝑐𝑐𝑐𝑐𝑤𝑤𝑑𝑑 𝑤𝑤𝐹𝐹𝑐𝑐𝑐𝑐𝑝𝑝
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Where 𝑝𝑝𝑐𝑐 is the propensity score, and 𝑝𝑝𝑡𝑡 is the marginal proportion of exposure, calculated as the following: 31 

 

As the size and composition of each outcome-specific analysis set (Section 5.3.1.2) will differ, the sIPT weights will 
be estimated separately in each analysis set. The distribution of sIPT weights will be described by exposure group 
with means, SD, medians, Q1 and Q3, and minimum and maximum values (Appendix B, Table Shell B-3).32 To 
reduce the potential impact of extreme sIPT weights, the sIPT weights will be truncated below the 1st percentile 
of the weights, so that each individual with a sIPT weight below the 1st percentile will be assigned a new weight 
equal to that of the 1st percentile. Similarly, sIPT weights above the 99th percentile will be truncated by assigning 
them a new weight equal to the value of the 99th percentile. 

The ASD values will be plotted before and after sIPT weighting in each analysis set to observe the covariate 
imbalance between exposure groups in the crude and weighted cohorts (Appendix B, Figure Shell B-2). 

Kaplan-Meier estimates of survival over time and 95% confidence intervals (CIs) will be estimated in the crude and 
sIPT-weighted exposure and comparator groups.33 Robust variance estimation will be used to estimate the 95% CI 
in the unweighted and sIPT-weighted cohorts to account for some individuals being included multiple times.34 
Cumulative incidence curves displaying the daily cumulative incidence estimates and 95% CIs will be calculated 
and plotted for each day of follow-up as 1 minus the Kaplan-Meier survival estimator and 95% CI (Appendix B, 
Figure Shell B-3). 

Daily cumulative incidence estimates will be calculated from the survival curves and reported at the following 
prespecified timepoints (Appendix B, Table Shell B-4): 

• Time 0, to evaluate AEs occurring on the same day as COVID-19 diagnosis 
• Day 27 for the following AEs with a prespecified 28-day risk window (days [0, 27]): 

o Hemorrhagic stroke 
o Nonhemorrhagic stroke 
o Acute myocardial infarction (AMI) 
o Deep vein thrombosis 
o Pulmonary embolism (both overall and inpatient only) 
o Disseminated intravascular coagulation 

• Day 41 for the following AEs with a prespecified 42-day risk window (days [0, 41]): 

o Guillain-Barré syndrome 
o Bell’s palsy 
o Encephalitis/encephalomyelitis 
o Narcolepsy 
o Appendicitis 
o Myocarditis/pericarditis 
o Immune thrombocytopenia 
o Transverse myelitis (TM) 
o Unusual site thrombosis with thrombocytopenia 
o Common site thrombosis with thrombocytopenia 

𝑝𝑝𝑐𝑐 =
𝑁𝑁𝑤𝑤𝑒𝑒𝑝𝑝𝑐𝑐𝑐𝑐𝑤𝑤𝑑𝑑
𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑡𝑡

 



25 

• Day 90 for all AEs 
• Day 180 for all AEs 

Hazard ratios (HRs) and 95% CIs will be estimated using Cox proportional hazards models. Crude estimates will be 
estimated without applying the sIPT weights, and weighted estimates will be estimated by applying the sIPT 
weights to the Cox model. Cox proportional hazards models for both the crude and weighted models will be 
estimated with robust sandwich variance estimators accounting for the potential clustering by multiple records 
from an individual and for the application of weights. Hazard ratios will be calculated both overall (including all 
follow-up time) and over specific time periods corresponding to the duration of prespecified risk windows to 
evaluate changes in the HR over time (Appendix B, Table Shell B-4). The prespecified time periods are those listed 
above for the specific AEs. 

The proportional hazards assumption will be evaluated through visual inspection of Schoenfeld residuals and 
visual inspection of log-log plot [-ln(-ln(S(t)))]. 

5.3.1.4. Secondary Analyses 
Subgroup analyses will be performed, evaluating the risk of each AE in exposure and comparator groups for 
individuals within each of the following subgroups, if at least 1 outcome case is present in both exposure groups in 
the subgroup. Because each subgroup variable is also a matching variable, each subgroup will be identified by 
restricting the matched cohort (before sIPT weighting) to those with the subgroup-defining variables. The balance 
of the other matching factors should be maintained. Propensity scores and sIPT weights will be re-estimated 
within each subgroup, and sIPT-weighted overall HRs and 95% CIs for all of follow-up will be estimated in the 
following stratified groups: 

• Sex 
• Age group 

o 18-34 years 
o 35-49 years 
o 50-64 years 
o 65-79 years 
o ≥ 80 years 

• Immunocompromised status 
• Hospitalization on Time 0 (including individuals in the exposure group who are hospitalized on the day of 

their COVID-19 diagnosis and comparator individuals who are hospitalized on the day of Time 0) to 
evaluate a proxy of severity of disease with those admitted assumed to have worse disease; additionally, 
the validity of COVID-19 diagnoses is better in hospitalized settings,12 so this subgroup may be less subject 
to exposure misclassification. 

• Calendar time (corresponding to time periods of different healthcare utilization, testing practices or 
intensity23,35), defined as individuals who have Time 0 values in the follow date ranges: 

o 1 Apr 2020-31 May 2020 
o 1 Jun 2020-10 Dec 2020 

The overall and subgroup estimates will be plotted with a forest plot to observe potential effect measure 
modification across subgroups (Appendix B, Figure Shell B-4). 
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5.3.1.5. Sensitivity Analysis 
As a sensitivity analysis, we will apply an additional exclusion criterion to both exposure groups in each outcome-
specific analysis set, further excluding anyone with a diagnosis of pneumonia or other lower respiratory tract 
infection with an unknown organism before Time 0 (days [1 Jan 2020, −1]) to reduce even further the potential 
inclusion of individuals with undiagnosed COVID-19. This approach would likely also exclude individuals from the 
COVID-19–diagnosed group with early manifestations of COVID-19 that are coded with other respiratory infections 
before the COVID-19 diagnosis. Using the more restricted population, the overall HRs and 95% CIs will be 
estimated for all of the follow-up time for each outcome. The resulting HR and 95% CI estimates from the 
sensitivity analysis will be plotted on a forest plot with the overall estimate from the primary analysis (Appendix B, 
Figure Shell B-5). 

5.3.1.6. Negative Control Analysis 
As the cohort approach compares individuals with a recorded COVID-19 diagnosis in insurance billing claims with a 
matched group of individuals without a recorded COVID-19 diagnosis, it may be subject to bias. Of particular 
concern is the possibility of residual unmeasured confounding by differences between the COVID-19-diagnosed 
group and the comparator group (e.g., by healthcare-seeking behavior in which individuals who are likely to seek 
care for COVID-19 are also more likely to seek care for AEs, or by comorbidity status in which individuals at higher 
risk of COVID-19 are also at higher risk of AEs due to worse underlying health status). Negative control outcomes 
were selected (Section 4.2) that were expected to not be caused by COVID-19 infection but may potentially be 
increased among individuals with higher comorbidity status or more commonly recognized among individuals with 
greater healthcare-seeking behavior. Negative control outcomes include the following: 

• Colonic diverticulitis 
• Laceration of hand or finger 
• Gout 
• Arm/leg cellulitis 

Incidence of each of the AE outcomes will be evaluated separately in AE-specific analysis sets with AE-specific sets 
of covariates in propensity score models; thus, the adequacy of confounding control and bias reduction will be 
evaluated in each AE-specific analysis set (i.e., separate analysis sets will not be created for the negative control 
outcomes). 

Histories of the occurrence of the negative control outcomes will be identified in the 365 days before and not 
including Time 0, days [−365, −1] for all individuals, as is done for other baseline covariates (Section 4.3), to 
evaluate the relative balance of the negative control outcomes by treatment group before Time 0 (Appendix B, 
Table Shell B-5). The distribution of these indicators of history of negative control outcomes occurring before Time 
0 before and after weighting will be evaluated (Appendix B, Figure Shell B-2), as separate washout periods for the 
negative control outcomes will not be implemented; if substantial imbalance of a negative control event before 
Time 0 across exposure groups is noted, then the negative control outcome may not be suitable for evaluation (as 
the ability to identify incident cases of negative control outcomes may differ by exposure group). The first 
occurrence of each of the negative control outcomes will be identified during all available follow-up in each AE-
specific analysis set. The co-occurrence of the negative control outcomes and the study outcomes will be 
described to evaluate whether care-seeking for one may result in a diagnosis of the other (Appendix B, Table Shell 
B-6). 
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After evaluating the history of negative control events and co-occurrence with study outcomes, HRs and 95% CIs 
will be estimated for each negative control outcome in the overall time period in the crude and sIPT-weighted 
exposure groups (Section 5.3.1.3). The number of cases and total person-time in each exposure group will be 
reported with the crude and sIPT-weighted HRs and 95% CIs (Appendix B, Table Shell B-7). If confounding and all 
other sources of bias have been addressed, then the sIPT-weighted HR estimates and their 95% CIs for the 
negative control outcomes should be consistent with a null effect if the assumptions of the selected negative 
control outcomes are valid. 

If the HR estimates for some negative control outcomes suggest non-null associations, potentially indicating 
residual confounding, some other source of bias, or random chance, the following steps may be considered to 
investigate potential sources of bias within an AE-specific analysis set or overall, as appropriate for the findings: 

• The assumptions of the selected negative control outcomes will be further investigated. 
• Patterns of healthcare utilization after Time 0 will be evaluated to identify potential patterns of 

differential diagnostics and/or healthcare-seeking behavior. 
• Cumulative incidence of the negative control outcomes will be plotted by exposure group, and time 

period–specific HRs will be estimated (Section 5.3.1.3) to determine whether the differences are 
contained within specific time intervals (e.g., immediate early separation of the curves and observed 
differences is indicative of potential confounding by acute health status on Time 0). 

• Additional covariates will be considered for inclusion in propensity score models to address potential 
sources of confounding. 

• Additional exclusion criteria will be considered to more closely align exposure groups on Time 0 through 
restriction (e.g., additional requirements for healthcare utilization, comorbidity). 

5.3.2. Statistical Power and Sample Size Determination 
To estimate unbiased measures of the effect of COVID-19 diagnosis using all data available at the time of analysis, 
the cohort analysis will include all available observations that meet the specified inclusion criteria (Section 5.2.3).36 

However, the anticipated power of the resulting effect measure estimates from these analyses can be estimated 
under varying assumptions of the expected number of included individuals in each comparison, the relative size of 
the exposure groups, the anticipated magnitude of the strength of the effect measure estimates, and the outcome 
risk of the outcome in the comparator group. This study includes a large number of outcomes with varying 
prevalence and possible association strengths. To estimate the precision of effect measure estimates for this 
study, precision estimates were based on the following assumptions: 

• A range of potential effect measure estimates was assumed, with risk ratios (RRs) of 1.5, 2, 3, and 4 to 
account for differential effect measure estimates across the AEs. 

• Power was estimated as the probability that the 95% CI would exclude a null value of 1.0 under the 
assumed RR size. 

• A 1:1 ratio of exposure to comparator individuals is assumed because of the 1:1 matching used for 
selection into the primary study cohorts for the exposure versus comparator comparisons, with total 
assumed sample sizes (exposure and comparator groups combined) ranging up to 400,000 (although 
comparators may be resampled, thus potentially resulting in slightly smaller actual sample sizes of unique 
individuals in the comparator group). 
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• Assumptions of the baseline risk of outcomes in the comparator group were based on a recent evaluation 
of background rates of the AEs of interest in the MarketScan and Medicare fee-for-service databases.23 In 
MarketScan, annual incidence rates of the AEs varied from fewer than 2 cases per 100,000 person-years 
(TM) to approximately 240 cases per 100,000 person-years (DVT). In Medicare, rates ranged from 
approximately 3.4 cases per 100,000 person-years (TM) to approximately 1,300 cases per 100,000 person-
years (AMI and DVT). Estimates were generated with expected annual incidence rates among the 
comparator group of 2, 20, and 200 cases per 100,000 person-years. 

Figure 2 displays the estimated power for various combinations of AE incidence rates, effect sizes, and sample 
sizes under these assumptions. 
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Figure 2. Estimated Power for Cohort Evaluations of Associations of COVID-19 Diagnosis With Adverse 
Events Under an Array of Possible Sample Sizes, Underlying Risks, and Strengths of Association 

 
COVID-19 = coronavirus disease 2019; py = person-years; RR = risk ratio. 
Note: In plots of 200 cases per 100,000 py, not all curves are visible because the plotted curves as generally overlapping. 
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Under expected conditions and with conservative assumptions, the study is anticipated to yield reasonably precise 
effect measure estimates of the association between COVID-19 diagnosis and relatively common AEs (e.g., AMI, 
DVT).23 Power would be limited for evaluations of particularly rare AEs (e.g., GBS, TM, 
encephalitis/encephalomyelitis),23 especially if relatively weak associations with COVID-19 diagnosis are present. 
However, at larger sample sizes, power should be robust across most AEs. Because the risk of many outcomes 
increases with age, the expected rates of many outcomes may be higher among the older Medicare population. 
Preliminary counts have identified greater than 300,000 individuals potentially eligible for the exposure group in 
MarketScan, and approximately 1.1 million Medicare beneficiaries with a discharge diagnosis of COVID-19 who 
meet the age and Part A/B enrollment requirements during the study period, without implementing other 
exclusion or inclusion requirements. 

Subgroup analyses and sensitivity analyses that reduce the sample sizes would have less power. Additionally, time 
period–specific estimates that consider only short time periods (e.g., 1, 28, or 42 days) may also have reduced 
power. 

6. Self-Controlled Risk Interval Design 
6.1. Study Design 
The SCRI is an exposure-anchored design that identifies individuals with a diagnosis of COVID-19, and risk windows 
after the COVID-19 diagnosis and reference windows of nonexposure are then defined within the same 
individuals. The occurrence of AEs during the risk windows after COVID-19 diagnosis will be compared with the 
occurrence of AEs within reference windows from the same individual. The only individuals who contribute 
analytically to the SCRI analysis are those who have a COVID-19 diagnosis and experience an AE during a risk or 
reference window such that they contribute to both risk and reference windows. Thus, the SCRI design evaluates 
the RI of AEs immediately after exposure compared with the baseline incidence during other time periods before 
or further after the exposure. 

The SCRI design intrinsically addresses confounding by time-invariant factors, but it is sensitive to time-varying 
factors, such as changing risk of AEs over time due to seasonality or age. Given the relatively short study period, 
limited time-varying confounding due to age is expected. The SCRI is subject to the following key assumptions:37,38 

• There is a well-defined and transient risk interval after exposure. 
• The occurrence of the outcome does not alter probability of exposure. 
• The occurrence of an outcome does not affect the duration of the risk or reference observation windows 

(e.g., by increasing mortality risk). 
• Event rates are constant within each window. 
• Outcome events are independently recurrent or rare. 

Bias may be introduced if these assumptions are violated. The SCRI is highly sensitive to the correct placement and 
duration of the risk and reference windows in relation to exposure. A medically recorded COVID-19 diagnosis may 
not correlate with the onset of a COVID-19 infection or symptoms. Additionally, the duration of COVID-19 infections 
may vary widely in clinical practice, and the true duration of COVID-19 infection will be unknown in claims data. 
Therefore, the placement and duration of risk and reference windows may not accurately reflect true biologic risk 
windows; sensitivity analyses will evaluate additional risk windows before and after the prespecified risk windows to 
evaluate the potential for misspecification of the relevant risk window. Because some AEs may increase the risk of 
mortality (and thus affect subsequent COVID-19 diagnoses), the SCRI design will not be performed for outcomes that 
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increase mortality (Table 1). Many of the AEs under evaluation are rare, and only incident outcomes will be 
considered. 

6.2. Study Population 
Adults aged 18 to 64 years with commercial insurance or those aged 65 years or greater enrolled in Medicare fee-
for-service with an incident COVID-19 diagnosis will be identified for the SCRI analysis. One overall study 
population will be identified, and then individual outcome-specific analyses will be performed in outcome-specific 
analysis sets (Section 6.3.1.2). 

6.2.1. Study Period 
Individuals will be eligible for inclusion in the SCRI analysis if they have a diagnosis of COVID-19 during the study 
entry period. The study entry period will last from 1 Jun 2020 to 10 Dec 2020, inclusive. 

Disruptions in healthcare utilization early in the pandemic led to reduced recorded diagnoses of many conditions 
in the US.23,35,39 Because one of the underlying assumptions of the SCRI is that characteristics, such as outcome 
misclassification, do not vary over time,37 the study period will be restricted to the time period after 1 Jun 2020, 
after incidence rates of most AEs based on healthcare claims information returned to pre-pandemic rates.23,35 
Similar to the cohort design, the study period will end before the introduction of the first COVID-19 vaccine in the 
US to avoid inclusion of vaccine-associated AE events in the analysis. 

For individuals included in the SCRI study, additional data from before the study entry period—back to 2 Jun 2019, 
which is 365 days before the first possible AE date—will be used to evaluate eligibility criteria, washout windows, 
and covariates. No data after 10 Dec 2020 will be used. 

6.2.2. Study Entry 
Individuals with a COVID-19 diagnosis will be identified at the first recorded diagnosis of COVID-19 (Section 4.1) 
during the cohort entry period. The date of the first recorded diagnosis of COVID-19 during the cohort entry 
period will be Time 0. Eligibility criteria will be evaluated relative to Time 0 (Figure 3), and all individuals meeting 
all eligibility criteria will be retained in the study population. 



32 

Figure 3. Eligibility Assessment, Covariate Assessment, Risk Windows, and Reference Windows Relative 
to Time 0 for the Self-Controlled Risk Interval Design 
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AE = adverse event; AED = adverse event date; COVID-19 = coronavirus disease 2019. 
a Gaps of up to 31 days are permitted in MarketScan. 
b Latest of the following: 365 days after the beginning of continuous enrollment; beginning of the study period (1 Jun 2020). 
c Earliest of the following: end of the AE-specific risk window (Table 1); disenrollment from the database (gaps in insurance coverage of a 

maximum of 31 days are permitted); death (available in Medicare only); end of the study period (10 Dec 2020). 
d Earliest of the following: 365 days; disenrollment from the database (gaps insurance coverage of a maximum of 31 days are permitted); 

death (available in Medicare only); end of the study period (10 Dec 2020). 
e Length of outcome-specific washout window varies by outcome. See Table 1. 
Note: Covariates for descriptive purposes will be evaluated relative to Time 0 using the same process and assessment windows used for the 

cohort design (Section 4.3; Figure 1). 
Note: The study entry period (the calendar time during which all Time 0 dates must occur) begins on 1 Jun 2020. However, lookback periods 

may extend before 1 Jun 2020. 
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6.2.3. Eligibility Criteria 
The following eligibility criteria will be evaluated relative to Time 0 (Figure 3) for entry into the SCRI study 
population: 

• Inclusion criteria 

o Is aged ≥ 18 years and < 65 years on Time 0 in MarketScan; aged ≥ 65 years on Time 0 in Medicare fee-
for-service. 

o Has continuous enrollment in insurance plan for a minimum of 1 year before Time 0, days [−365 to 
−1], to ensure adequate lookback time to evaluate all washout windows. Gaps in insurance coverage 
of a maximum of 31 days are permitted (MarketScan only). 

o Has at least 1 day of follow-up in the pre-exposure reference window (Section 6.2.4). 

• Exclusion criteria 

o Has a diagnosis of COVID-19 or a diagnosis indicative of COVID-19 before Time 0 using all available 
study data back to 1 Jan 2020 [1 Jan 2020 to −1]. 

o Has a diagnosis of select respiratory infection potentially indicating COVID-19, between 20 Feb 2020 
and Time 0, days [20 Feb 2020 to −1] to exclude those with potential COVID-19 infections before 
COVID-19 coding was available. 

Each outcome will be evaluated separately in outcome-specific analysis sets (Section 6.3.1.2); additional outcome-
specific eligibility criteria will be applied to the overall study population for each outcome to determine eligibility 
for each analysis set, including the following: 

• Inclusion criteria 

o Has an occurrence of the AE of interest during the outcome-specific risk window (Table 1) or reference 
windows. 

o Has continuous enrollment in insurance plan for the duration of the outcome-specific washout 
window (Table 1) before the date of the first occurrence of the AE in a risk or reference window, to 
ensure adequate lookback time to evaluate the washout windows. Gaps in insurance coverage of a 
maximum of 31 days are permitted (MarketScan only). Note that for AEs occurring in a pre-exposure 
reference window, this may require more continuous enrollment than the 365-day criterion before 
Time 0. 

• Exclusion criteria 

o Has an occurrence of the AE during the outcome-specific washout window (Table 1) before the date of 
the AE. 

6.2.4. Risk and Reference Window Assignment 
All of an individual’s continuous enrollment in the database during the study period from 1 Jun 2020 through 
10 Dec 2020 will be divided into risk windows and reference windows (Figure 4), as follows: 

• The pre-exposure reference window will begin at the earliest possible date (later of 1 Jun 2020 or 365 days 
after beginning of continuous database enrollment) and end 15 days before Time 0: days [earliest 
available, −15]. 
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• A 14-day pre-exposure buffer will occur before Time 0 (days [−14 to −1]), as the timing of the onset of 
COVID-19 infection relative to the diagnosis date is unknown. 

o Buffers are not included in the risk or the reference windows in the primary analysis, and AEs that 
occur within a buffer do not contribute analytically to the SCRI analyses because they occur outside 
the risk and reference windows. However, AEs occurring in buffers can serve as AE-specific exclusion 
criteria if they occur during AE-specific washout windows (e.g., if an individual has claims for an AE 
during the postexposure buffer and the postexposure reference window, the AE occurring during the 
buffer would be within the AE-specific washout window for the AE occurring in the postexposure 
reference window, acting as an exclusion criterion). 

o The occurrence of AEs during a shorter, 7-day pre-exposure period (days [−7 to −1]) will be evaluated 
in sensitivity analyses (Section 6.3.1.4). 

• The risk window will begin on Time 0 (inclusive) and continue until the end of the AE-specific risk window 
(day 27 or 41, for a total of 28 or 42 days, respectively; Table 1): days [0, 27] or days [0, 41]. 

o The occurrence of AEs on Time 0 will be evaluated separately in a sensitivity analysis (Section 6.3.1.4). 

• The risk window will be followed by a 28-day postexposure buffer (days [28, 55] or days [42, 69]), as the 
timing of resolution of COVID-19 infection relative to the diagnosis date is unknown. 

• The postexposure reference window will begin the day after the postexposure buffer and continue until 
the end of available data (10 Dec 2020, end of continuous database enrollment) or censored events: days 
[56, censor] or days [70, censor]. 

o The occurrence of AEs during the postexposure buffer will be evaluated in sensitivity analyses 
(Section 6.3.1.4). 
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Figure 4. Assignment of Risk and Reference Windows Relative to COVID-19 Diagnosis (Time 0) for Adverse 
Events With 28-Day or 42-Day Risk Windows 

 
AE = adverse event; COVID-19 = coronavirus disease 2019. 
a Latest of the following: 1 Jun 2020 or 365 days after the beginning of continuous database enrollment. 
b Earliest of the following: 365 days; disenrollment from the database (insurance coverage gaps of a maximum of 31 days are permitted in 

MarketScan only); death (available in Medicare only); end of the study period (10 Dec 2020); COVID-19 diagnosis. 

6.2.5. Outcome Identification 
One overall SCRI study population will be identified, and the risk and reference windows will be defined for all 
members of the study population in this overall population; the occurrence of all AEs (Table 1) will be evaluated 
during the risk windows, reference windows, and pre-AE washout windows for any AE identified in risk or 
reference windows. Subsequently, outcome-specific analysis sets will be defined as subsets of the overall study 
population based on the occurrence of AEs and AE-specific exclusion criteria (Section 6.3.1.2). 

Additionally, outcomes in a 7-day pre-exposure period and all of the postexposure buffer will be identified and 
evaluated in sensitivity analyses (Section 6.3.1.4). 

6.3. Statistical Methods 
6.3.1. Data Analysis 
All statistical analyses described below will be performed separately in each data source. Descriptive analyses will 
be performed in the overall cohort identified in each data source, but outcome-specific analyses will be performed 
separately in outcome-specific analysis sets (Section 6.3.1.2). 
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6.3.1.1. Descriptive Analyses 
The attrition of the participants in the SCRI study population will be reported (Appendix B, Table Shell B-8). A 
limited set of individual characteristics (Section 4.3) will be identified for those included in the overall SCRI study 
population for descriptive purposes. These characteristics will include individuals’ demographic characteristics and 
healthcare setting. Characteristics will be assessed relative to Time 0 (the date of COVID-19 diagnosis). 

These descriptive analyses will be performed in the overall SCRI study population. Because the SCRI study population 
only consists of individuals with a COVID-19 diagnosis, there will only be 1 set of characteristics reported for the 
overall study population. Continuous values will be summarized by mean, SD, median, and first and third quartiles. 
Categorical values will be summarized with total N and percentages (Appendix B, Table Shell B-8). 

6.3.1.2. Analysis Sets 
In the SCRI, only individuals with both the exposure (COVID-19 diagnosis) and an outcome in either the risk or a 
reference window will contribute to the analysis. Therefore, each AE will be analyzed separately in an AE-specific 
analysis set. 

For each AE, all individuals in the overall SCRI study population with the AE occurring during a risk or reference 
window will be identified; those without an AE occurring in a risk or reference window will be excluded. For each 
identified event in a risk or reference window, previous occurrences of the event will be evaluated during a 
washout window (Table 1; Appendix A, Table A-4). The washout window will be anchored on the date of AEs 
occurring during the risk or reference windows (Figure 3) to ensure identification of new-onset AEs instead of 
continuing care for or recurrence of previous events. Those with a previous diagnosis of the AE occurring during 
the washout window will be excluded from the AE-specific analysis set. The same analysis sets will be defined for 
the SCRI analysis as were defined for the cohort study (Table 2), except a separate analysis set will also be needed 
for pulmonary embolism, inpatient only. 

The number of individuals in each outcome-specific analysis set will be reported, along with the count of 
individuals with AE events in a risk or reference window (Appendix B, Table Shell B-8). Because the composition of 
each analysis set may differ, the characteristics of each analysis set will be reported (Appendix B, Table Shell B-9). 

6.3.1.3. Outcome Analyses 
Within each outcome-specific analysis set, the RI and 95% CI38,40 for the association between the AE and a COVID-
19 diagnosis will be estimated using Poisson regression conditional on the number of events observed for each 
individual and accounting for the variable length of follow-up in the risk and reference windows.41 Because some 
outcomes may increase the risk of mortality, the assumption of having no event-dependent censoring may be 
violated.41 Thus, an extended Poisson model accounting for event-dependent observation windows will be used42 
to estimate RI and 95% CI (Appendix B, Table Shell B-10). COVID-19 diagnosis itself may increase the risk of 
mortality and introduce exposure-dependent observation windows, thereby further violating the assumptions of 
the extended method.41 Thus, both the extended Poisson model for event-dependent observation windows and 
standard conditional Poisson regression model will be used. 

To account for potential seasonality and time trends in outcome incidence, adjustment for seasonality will be 
considered, if feasible. The risk and reference windows will be subdivided by calendar month groupings 
corresponding to time periods of increased outcome risk. Indicator variables for calendar period will be included in 
the Poisson models to adjust for potential time-varying seasonality effects. For outcomes with small sample sizes 
not permitting adjustment by individual calendar month, addressing seasonality by including historical background 
rates through an offset term may be considered. 
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To contextualize the RI observed in the SCRI analysis, attributable risk (the number of excess cases of the AE 
observed due to COVID-19 diagnosis) will be estimated using the following formula adapted from Yih and 
colleagues43 and Amman and colleagues44: 

 

Where RI is the RI estimated in the primary SCRI analysis. The attributable risk estimate may be scaled (e.g., events 
per 10,000 or 100,000 COVID-19 diagnoses) as appropriate for each outcome (Appendix B, Table Shell B-10). 

6.3.1.4. Secondary Analyses 
Subgroup Analyses 
For AEs with sufficient case counts in each subgroup, the SCRI analysis using the extended Poisson model for event-
dependent observation windows will be repeated within the following subgroups (Appendix B, Table Shell B-11): 

• Sex, as reported in database enrollment 

o Female 
o Male 

• Age group 

o 18-34 years 
o 35-49 years 
o 50-64 years 
o 65-79 years 
o ≥ 80 years 

• Immunocompromised status 
• Hospitalization status on Time 0 

Sensitivity Analyses 
Evaluating Alternative Windows Outside the Prespecified Risk Window 
The true date of the COVID-19 infection onset relative to the COVID-19 diagnosis is unknown, but it likely precedes 
the recorded COVID-19 diagnosis. Additionally, the date of COVID-19 resolution relative to the recorded diagnosis 
is unknown. To evaluate whether increased risk extends beyond the prespecified risk window and whether COVID-
19 cases may be diagnosed secondary to seeking treatment for AEs,41 the following windows (Figure 5) will be 
defined and evaluated as separate risk windows with the extended Poisson model for event-dependent 
observation windows (Appendix B, Table Shell B-12) in a sensitivity analysis: 

• A 7-day pre-exposure window, days [−7, −1] 
• Time 0, day [0, 0] 
• The prespecified risk window, though with day 0 removed and follow-up beginning on day 1, days [1, 27] 

or days [1, 41] 
• The former postexposure buffer, days [28, 55] or days [42, 69]) 
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Figure 5. Risk Window, Additional Risk Windows, and Reference Windows for Sensitivity Analyses of Pre-
exposure and Postexposure Windows of the Self-Controlled Risk Interval Design 

 
AE = adverse event; COVID-19 = coronavirus disease 2019. 
Note: Example shown with an AE with a prespecified 28-day risk window. 
a Latest of the following: 1 Jun 2020 or 365 days after the beginning of continuous database enrollment. 
b Earliest of the following: 365 days; disenrollment from the database (insurance coverage gaps of a maximum of 31 days are permitted in 

MarketScan only); death (available in Medicare only); end of the study period (10 Dec 2020); COVID-19 diagnosis. 

Expanded Exclusion Criteria 
As a sensitivity analysis, we will apply additional exclusion criteria, further excluding anyone with a diagnosis of 
pneumonia or other lower respiratory tract infection with an unknown organism before Time 0 (days [1 Jan 2020, 
−1]), as these infection diagnoses may represent undiagnosed COVID-19, thus resulting in misspecification of the 
timing of the COVID-19 diagnosis. Within the more restricted population, the RI and 95% CI using the extended 
Poisson model for event-dependent observation windows will be estimated for each AE. The resulting RI and 
95% CI estimates from the sensitivity analysis will be plotted on a forest plot with the estimate from the extended 
Poisson model for event-dependent observation windows from the primary analysis (Appendix B, Figure Shell B-6). 

6.3.2. Statistical Power and Sample Size Determination 
All individuals with a COVID-19 diagnosis and an outcome during a risk or reference window who meet all 
eligibility criteria will be included in the outcome-specific analyses. 

The anticipated power of the resulting effect measure estimates from these analyses can be estimated under 
varying assumptions of the expected number of outcomes included, the relative time distribution in the risk and 
reference windows, and the anticipated magnitude of the strength of the effect measure estimates.45 This study 
includes a large number of outcomes with varying prevalence and possible association strengths. To estimate the 
precision of effect measure estimates for this study, the following assumptions were included in precision 
estimates45: 

• We assumed a range of potential effect measure estimates, with RRs of 1.5, 2, 3, and 4 to account for 
differential effect measure estimates across the outcomes. 

• Power was estimated as the probability that the 95% CI would exclude a null value of 1.0 under the 
assumed RR size. 

• Although the risk windows are of fixed lengths (either 28 or 42 days), the reference windows are of 
variable lengths, and censoring is possible. Thus, an array of ratios of time spent in risk and reference 
windows is possible. We estimated power under 3 scenarios of risk-to-reference window time 
distributions: 1:3 (25% of time in risk windows compared with reference windows); 1:1 (50% of time in risk 
windows); and 3:1 (75% of time in risk windows). 
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Figure 6 displays the estimated power for various combinations of AE incidence rates, effect sizes, and sample 
sizes under these assumptions. 

Figure 6. Estimated Power for Self-Controlled Risk Interval Evaluations of Associations of COVID-19 
Diagnosis With Outcomes Under an Array of Possible Case Counts, Risk-to-Reference Time 
Distributions, and Strengths of Association 

 
COVID-19 = coronavirus disease 2019; RR = risk ratio. 
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Some of the outcomes being evaluated are very rare, and outcomes with fewer than 10 identified individuals with 
both COVID-19 and an outcome event may have limited power to identify increased risks, regardless of the 
strength of the effect measure estimate or distribution of risk and reference window time. Additionally, outcomes 
with weak associations with COVID-19 (e.g., a RR < 2.0) may have limited power. Having less time in reference 
windows than in the risk window tends to result in decreased power estimates. However, for most outcomes with 
relatively strong expected associations and larger case counts, the anticipated power is reasonable. 

7. Limitations 
This study will be subject to several limitations common to observational studies in existing healthcare databases. 
Insurance billing claims are generated for reimbursement purposes rather than clinical care or research. Thus, not 
all relevant medical conditions or events would be recorded in claims data, and recorded concepts may be subject 
to misclassification. Diagnoses are recorded in insurance billing claims when they result in reimbursable 
healthcare interactions. A recorded medical diagnosis of COVID-19 may not align with the onset of infection, onset 
of symptoms, or peak severity. In administrative claims data, the onset and resolution of COVID-19 infection are 
unknown. Additionally, laboratory test results are not recorded in claims. Thus, this study will evaluate recorded 
COVID-19 diagnoses from providers rather than laboratory-confirmed COVID-19 infection. 

Limitations specific to each study design are described below in more detail. 

7.1. Cohort Design 
Observational research based in administrative healthcare claims is subject to limitations, such as the potential for 
misclassification of COVID-19 exposure (i.e., underreporting of COVID-19 diagnoses), differential misclassification 
of outcomes by COVID-19 status, and unmeasured confounding between exposure groups. Many potential biases 
will be addressed by the study design, but the potential for bias remains. The cohort design may be subject to bias 
from confounding between groups with and without COVID-19 diagnoses resulting from differences in 
characteristics between the groups, including risk factors for COVID-19 and AEs, healthcare-seeking behavior, 
and/or access to healthcare. Confounding by measured covariates will be addressed through matching and 
weighting approaches with prespecified covariates, but the potential for confounding by unmeasured 
characteristics remains. The potential for exposure (COVID-19 diagnosis) misclassification cannot be ruled out, and 
the extent of exposure misclassification cannot be quantified. The cohort design may be particularly subject to 
differential exposure misclassification of the comparator group without a COVID-19 diagnosis because not all 
COVID-19 infections result in a medically recorded diagnosis. Thus, this study will evaluate COVID-19 diagnoses 
rather than COVID-19 infections. Sensitivity analyses will consider additional exclusion criteria to assess the effect 
of potentially misclassified COVID-19 cases by excluding those with related respiratory diagnoses. 

Negative control outcome analyses will be considered to evaluate the potential for unmeasured confounding and 
other biases. Negative control outcomes must meet key assumptions about the relationship between the 
exposure, confounders, and negative control outcome. These assumptions may be difficult or impossible to 
empirically test. Using negative control outcomes that do not meet the assumptions may result in difficulties 
interpreting the results of negative control analyses. Additionally, negative control outcomes may be subject to 
their own biases (e.g., misclassification). Negative control analyses may illustrate non-null results suggestive of 
potential biases that may not resolve upon further investigation. The interpretation of the results of these 
analyses will need to consider the potential for unidentifiable sources of bias and potential violation of the 
assumptions. 
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The populations contained in the 2 data sources contributing to this project differ by age and associated 
comorbidity status, and eligibility for inclusion in the data sources varies (i.e., commercial employer-based 
insurance or Medicare status); thus, the performance of negative control outcomes may also differ between data 
sources. Negative control outcomes will be evaluated separately within AE-specific analysis sets and by data 
source to identify potential bias in each setting. 

To restrict the cohort to a healthcare-seeking population and better align the exposure and comparator groups, 
the cohort design inclusion criteria require individuals to have at least 1 healthcare encounter in the year before 
Time 0. However, this requirement may limit the generalizability of the results to populations without routine 
healthcare encounters, and the study population for the cohort design will differ from the study population for the 
SCRI design. 

7.2. Self-Controlled Risk Interval Design 
The primary limitation of the SCRI design is that the biologically relevant time period for AEs relative to COVID-19 
diagnosis is unknown. COVID-19 infection is highly variable in length, and the assignment of risk and reference 
windows relative to a recorded diagnosis may not result in appropriate placement of the risk and control windows 
relevant to biologically meaningful time periods within individuals. In addition, the true length of a risk window for 
the study outcomes is not known; nor is it determined whether the risk changes or remains constant during the 
true risk window or whether the risk of AEs reverts to that from the pre-exposure (i.e., before COVID-19 infection) 
period after COVID-19 resolution. Misspecification of the risk and reference windows may bias the results; thus, 
periods both before and after the risk window will be evaluated separately in sensitivity analyses. 

Additionally, many assumptions of the SCRI designs may be violated in this setting. Many AEs increase the risk of 
mortality, and COVID-19 itself increases this risk as well; thus, the duration of risk and reference windows may be 
affected by both AEs and exposure (i.e., COVID-19 diagnosis). Additionally, COVID-19 may not qualify as a transient 
exposure because the duration of COVID-19 infection is highly variable and, in some cases, can be prolonged. 
Individuals’ risk of some sequelae and AEs may not return to baseline after resolution of COVID-19 infection; 
therefore, comparing the risk window with a postexposure reference period may not reflect the full extent of 
increased risk of a COVID-19 infection relative to pre-exposure levels. This study will include both pre-exposure 
and postexposure reference windows. 

8. Ethical Evaluation 
This surveillance activity is conducted as part of the FDA public health surveillance mandate; thus, Institutional 
Review Board approval and oversight are not required by the FDA. 
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9. Quality Assurance and Control 
The analyses described in this protocol will be conducted using well-characterized databases—the MarketScan 
Commercial Database and CMS Medicare database—in which the FDA Office of Biostatistics and 
Pharmacovigilance (OBPV) has previously conducted numerous epidemiologic studies. Where available, validated 
definitions and algorithms for COVID-19 diagnosis, AE outcomes, and other key variables will be used to ensure 
validity of the study results. 

The study will be performed according to the internal standard operating procedures of the participating research 
partners, and it will be conducted consistent with the International Society for Pharmacoepidemiology’s 
Guidelines for Good Pharmacoepidemiology Practices46 as well as the FDA’s Best Practices for Conducting and 
Reporting Pharmacoepidemiologic Safety Studies Using Electronic Healthcare Data.47 The study will also ensure 
that processes and deliverables are documented, reviewed, and validated in sufficient detail to allow for 
subsequent re-examination or replication. Well-established and validated software, such as SAS, Stata, and R, will 
be used for statistical analyses.  
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Table A-1. Care Settings for Variable Operational Definitions 

Place of 
service 

Description Identification in MarketScan Identification in CMS 
Medicare fee-for-service 

IP Inpatient hospital facility 
claims 

Facility claims from inpatient 
and OP services tables with 
billing types that indicate a 
hospital facility and inpatient 
bill classification (begin with 
11) 

Facility hospital claims from 
inpatient claims 

OP-ED Subset of OP facility claims 
occurring in the ED 

Facility claims from inpatient 
and OP services tables with a 
revenue code that indicates 
emergency room services and 
fees (045X, 0981) or service 
subcategory ending with “20” 

Facility claims from OP file 
with place of service in the ED 

OP/PB All OP facility claims, and PB 
claims except those PB claims 
with a laboratory place of 
service 

▪ Facility claims from 
inpatient and OP services 
tables except for those 
with billing types that 
begin with 11 (Inpatient 
Hospital Facility), 18 (Swing 
Bed), 21 (Skilled Nursing 
Inpatient A), 28 (Skilled 
Nursing Swing Bed), 32 
(Home Health PPS), 33 
(Home Health PPS), 41 
(Religious Non-Medical 
Health Care Institution), 81 
(Hospice), or 82 (Hospice) 

▪ Professional service claims 
from inpatient and OP 
services tables, with a 
place of service value other 
than 81 (independent 
laboratory)  

Facility claims from OP file 
and professional services 
claims from Carrier file with a 
place of service value other 
than 81 (independent 
laboratory) 

Rx Pharmacy claims Any claim in pharmacy 
dispensing file 

Any claims in prescription 
data (Medicare Part D will not 
be required for this study) 

SNF Skilled nursing facility Facility claims from inpatient 
and OP services tables with 
billing types that begin with 
18 (Swing Bed), 21 (Skilled 
Nursing Inpatient A), or 28 
(Skilled Nursing Swing Bed) 

SNF claims  
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Place of 
service 

Description Identification in MarketScan Identification in CMS 
Medicare fee-for-service 

LTC Long-term care Not assessed Nursing home assessment 
data in MDS 

CMS = US Centers for Medicare and Medicaid Services; ED = emergency department; IP = inpatient; LTC = long-term care; MDS = Minimum 
Data Set 3.0; OP = outpatient; PB = professional/provider; PPS = Prospective Payment System; Rx = pharmacy prescription; SNF = skilled 
nursing facility. 
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Table A-2. Variables Defining Cohort Entry Events and Time 0 Criteria 

Exposure 
group 

Time 0 
description 

Number of 
entries 

Type of 
entry 

Washout 
window 

Care 
setting Code type 

Diagnosis 
position 

Incident 
with 
respect 
to… Prespecified 

Varied for 
sensitivity 

Exposure First 
COVID-19 
diagnosis 
in cohort 
entry 
period 

Single Incident [1 Jan 2020 
to −1], 
COVID-19 
specific 
code; [1 Mar 
2020, 30 Mar 
2020] 
nonspecific 
code 

IP, OP/PB ICD-10-CM Any b COVID-19 
specific 
diagnosis 
code; 
nonspecific 
respiratory 
infection 
code 

Yes No 

Comparator a  Matched 
date 
without a 
current or 
previous 
COVID-19 
diagnosis 

Multiple 
(single entry 
selected by 
matching, but 
1 individual 
may be 
considered 
independently 
on multiple 
calendar 
dates) 

Incident [1 Jan 2020 
to −1], 
COVID-19 
specific 
code; [1 Mar 
2020, 30 Mar 
2020] 
nonspecific 
code 

IP, OP/PB NA NA COVID-19 
specific 
diagnosis 
code; 
nonspecific 
respiratory 
infection 
code 

Yes No 

COVID-19 = coronavirus disease 2019; ICD-10-CM = International Classification of Diseases, Tenth Revision, Clinical Modification; IP = inpatient; NA = not applicable; 
OP = outpatient; PB = professional/provider. 

a Cohort analysis only; a separate comparator group will not be identified for the SCRI analysis. 
b Any diagnosis position, excluding admitting diagnosis (available in Medicare only). 
Table template source: Wang SV, Pinheiro S, Hua W, Arlett P, Uyama Y, Berlin JA, et al. STaRT-RWE: structured template for planning and reporting on the implementation of real 

world evidence studies. BMJ. 2021;372:m4856. 
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Table A-3. Variables Defining Eligibility Criteria 

Eligibility 
type Criterion Details Order of 

application 

Assessment 
window, 
days 

Care setting Code type Diagnosis 
position Prespecified Varied for 

sensitivity 

Inclusion Age Aged ≥ 18 years and 
< 65 a; aged 
≥ 65 years b 

After Time 0 
assignment  

[0, 0] NA NA NA Yes No 

Inclusion Continuous 
enrollment c 

Continuous 
enrollment in 
database for 
≥ 12 months 

After Time 0 
assignment  

[−365 to −1] NA NA NA Yes No 

Inclusion Healthcare 
encounter 

≥ 1 claim for any 
healthcare encounter 

After Time 0 
assignment  

[−365 to −1] IP, OP/PB NA NA Yes No 

Exclusion Previous 
COVID-19 
diagnosis d 

≥ 1 claim with a 
COVID-19 diagnosis 
code 

After Time 0 
assignment  

[1 Jan 2020 
to −1] 

IP, OP/PB ICD-10-CM Any e Yes No 

Exclusion Select 
respiratory 
infection  

≥ 1 claim with a 
diagnosis code for a 
select respiratory 
infection potentially 
indicating COVID-19 

After Time 0 
assignment  

[20 Feb 
2020 to −1]  

IP, OP/PB ICD-10-CM Any e Yes Yes (see 
additional 
exclusion 
criterion 
below) 

Exclusion 
(sensitivity 
analysis) 

Acute 
respiratory 
infection with 
unspecified 
organism 

≥ 1 claim with a 
diagnosis code for an 
acute respiratory 
infection with 
unspecified organism 

After Time 0 
assignment  

[1 Mar 2020 
to −1]  

IP, OP/PB ICD-10-CM Any e Yes Applied 
only in 
sensitivity 
analysis  

COVID-19 = coronavirus disease 2019; ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification; IP = inpatient; NA = not available; OP = outpatient; 
PB = professional/provider. 

a MarketScan only. 
b Medicare fee-for-service only. 
c Gaps in coverage up to 31 days permitted in MarketScan only. 
d Cohort analysis only. 
e Any diagnosis position, excluding admitting diagnosis (available in Medicare only). 
Table template source: Wang SV, Pinheiro S, Hua W, Arlett P, Uyama Y, Berlin JA, et al. STaRT-RWE: structured template for planning and reporting on the implementation of real 

world evidence studies. BMJ. 2021;372:m4856. 
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Table A-4. Variables Defining Outcomes 

Outcome name Type of outcome Washout window, 
days a Care setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Adverse events        
Guillain-Barré syndrome  Time-to-event b, 

binary c 
[−365 to −1] in IP, 
OP/PB settings 

IP ICD-10-CM Principal Yes No 

Bell’s palsy  Time-to-event b, 
binary c 

[−183 to −1] IP, OP/PB  ICD-10-CM Any d Yes No 

Encephalitis/encephalomyelitis  Time-to-event b, 
binary c 

[−183 to −1] in IP, 
OP/PB settings 

IP  ICD-10-CM Any d Yes No 

Narcolepsy  Time-to-event b, 
binary c 

[−365 to −1] IP, OP/PB  ICD-10-CM Any d Yes No 

Appendicitis  Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP, OP-ED  ICD-10-CM Any d Yes No 

Nonhemorrhagic stroke Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP  ICD-10-CM Any d Yes No 

Hemorrhagic stroke Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP  ICD-10-CM Any d Yes No 

Acute myocardial infarction Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP  ICD-10-CM Any d Yes No 

Myocarditis/pericarditis Time-to-event b, 
binary c 

[−365 to −1] IP, OP/PB  ICD-10-CM Any d Yes No 

Deep vein thrombosis Time-to-event b, 
binary c 

[−365 to −1] IP, OP/PB  ICD-10-CM Any d Yes No 

Pulmonary embolism, 
inpatient only 

Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP ICD-10-CM Any d Yes No 

Pulmonary embolism, overall Time-to-event b, 
binary c 

[−365 to −1] IP, OP/PB ICD-10-CM Any d Yes No 

Disseminated intravascular 
coagulation 

Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP, OP-ED  ICD-10-CM Any d Yes No 

ITP Time-to-event b, 
binary c 

[−365 to −1] IP, OP/PB  ICD-10-CM Any d Yes No 

Transverse myelitis Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings 

IP, OP-ED  ICD-10-CM Any d Yes No 
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Outcome name Type of outcome Washout window, 
days a Care setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Common site thrombosis 
(component of composite TTS 
outcomes) 

NA NA ▪ AMI, HS, and 
nonhemorrhagic 
stroke: IP 

▪ DVT, PE, and 
thrombocytopenia: 
IP, OP/PB 

ICD-10-CM Any d Yes No 

Unusual site thrombosis 
(component of composite TTS 
outcomes) 

NA NA Intracranial or 
intraabdominal 
venous thromboses, 
such as in portal, 
renal, and other 
veins: IP, OP-ED 

ICD-10-CM Any d Yes No 

Thrombocytopenia 
(component of composite TTS 
outcomes) 

NA NA IP, OP/PB ICD-10-CM Any d Yes No 

Unusual site thrombosis with 
thrombocytopenia (Unusual 
site TTS): 
▪ Unusual site thrombosis 

AND 
▪ Thrombocytopenia within 

≤ 14 days [Thrombosis date 
– 13, thrombosis date + 
13]  e 

Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings for all 
components 

As applicable for each 
contributing 
component 

As 
applicable 
for each 
contributing 
component 

As 
applicable 
for each 
contributing 
component 

Yes No 

Common site thromboses with 
thrombocytopenia (Common 
site TTS) 
▪ Common site thrombosis 

AND 
▪ Thrombocytopenia within 

≤ 14 days [Thrombosis date 
– 13, thrombosis date + 13] e 

Time-to-event b, 
binary c 

[−365 to −1] in IP, 
OP/PB settings for all 
components 

As applicable for each 
contributing 
component 

As 
applicable 
for each 
contributing 
component 

As 
applicable 
for each 
contributing 
component 

Yes No 
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Outcome name Type of outcome Washout window, 
days a Care setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Negative control outcomes        
Colonic diverticulitis Time-to-event b NA IP, OP/PB ICD-10-CM Any Yes No 
Laceration of hand or finger Time-to-event b NA IP, OP/PB ICD-10-CM Any Yes No 
Gout Time-to-event b NA IP, OP/PB ICD-10-CM Any Yes No 
Arm or leg cellulitis Time-to-event b NA IP, OP/PB ICD-10-CM Any Yes No 

AE = adverse event; AMI = acute myocardial infarction; CBER = Center for Biologics Evaluation and Research; COVID-19 = coronavirus disease 2019; DVT = deep vein thrombosis; 
ED = emergency department; HS = hemorrhagic stroke; ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification; IP = inpatient; ITP = immune 
thrombocytopenia; NA = not applicable; OP = outpatient; PB = professional/provider; PE = pulmonary embolism; SCRI = self-controlled risk interval; TTS = thrombosis with 
thrombocytopenia syndrome. 

a For the cohort analysis, the washout window is applied before the index date (Time 0). For the SCRI analysis, the washout window is applied before the AE event date. 
b For the cohort analysis. 
C For the SCRI. 
d Any diagnosis position, excluding admitting diagnosis (available in Medicare only). 
e Event date is considered the later date of either the thrombosis or thrombocytopenia diagnosis. 
Outcome operational definitions from previous CBER COVID-19 surveillance protocols and final reports.20,22,23 
Table template source: Wang SV, Pinheiro S, Hua W, Arlett P, Uyama Y, Berlin JA, et al. STaRT-RWE: structured template for planning and reporting on the implementation of real 

world evidence studies. BMJ. 2021;372:m4856. 
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Table A-5. Variables Defining Prespecified Characteristics 

Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Demographic 
characteristics 

        

Age Age, in years, as 
reported in 
enrollment data or on 
claim 

Continuous [0, 0] NA NA NA Yes No 

Age category Age, in years, 
categorized 

Categorical 
▪ 18-34 years 
▪ 35-49 years 
▪ 50-64 years 
▪ 65-79 years 
▪ ≥ 80 years 

[0, 0] NA NA NA NA NA 

Sex Sex, as reported in 
enrollment data or on 
claim 

Categorical 
▪ Female 
▪ Male 
▪ Not listed 

[0, 0] NA NA NA Yes No 

MSA and state of 
residence (identified 
in MarketScan only) 

Concatenated MSA 
and state of residence, 
as reported in 
enrollment data. If the 
individual is not a 
resident of a MSA, 
non-MSA residence 
within a state is a 
separate category  

Categorical [0, 0] NA NA NA Yes No 

County and state of 
residence (available in 
Medicare only) 

Concatenated county 
and state of residence, 
as reported in 
enrollment data 

Categorical [0, 0] NA NA NA Yes No 
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Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

US geographic region Categorized from 
state, or as reported 
in enrollment data 

Categorical 
▪ Northeast 
▪ North central 
▪ South 
▪ West 
▪ Unknown 

[0, 0] NA NA NA Yes No 

Race / ethnicity 
(available in Medicare 
only) 

Race and / or 
ethnicity, as recorded 
in enrollment data 

Categorical 
▪ American Indian / 

Native American 
/ Alaska Native 

▪ Asian 
▪ Black 
▪ Hispanic / Latin 

American / Latinx 
▪ White 
▪ Race / ethnicity 

not listed 
▪ Not provided 

[0, 0] NA NA NA Yes No 

Dual Medicare / 
Medicaid eligibility 
(available in Medicare 
only) 

Eligible for both 
Medicare and 
Medicaid coverage on 
month, from 
enrollment data 

Binary [0, 0] NA NA NA Yes No 

Reason for entering 
Medicare (available in 
Medicare only) 

Original reason for 
Medicare eligibility, 
from enrollment data 

Categorical 
▪ Age 
▪ Disability 
▪ End-stage renal 

disease 

[0, 0] NA NA NA Yes No 

Hospitalization status Inpatient 
hospitalization on 
Time 0 

Binary [0, 0] IP NA NA Yes No 
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Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

SNF / LTC status 
(available in Medicare 
only) 

Resident of SNF or LTC 
on Time 0 

Binary [0, 0] SNF / 
LTC 

NA NA Yes No 

Comorbidities         
Animal exposure / 
bites or rabies 

≥ 1 claim with 
diagnosis of animal 
exposure / bites or 
rabies 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Antiphospholipid 
syndrome 

≥ 1 claim with 
diagnosis of 
antiphospholipid 
syndrome 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Autoimmune 
disorders 

≥ 1 claim with 
diagnosis of 
autoimmune disorder 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Brain lesions related 
to secondary 
narcolepsy 

≥ 1 claim with 
diagnosis of brain 
lesions related to 
secondary narcolepsy 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Cancer ≥ 1 claim with 
diagnosis of cancer 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Chronic lymphocytic 
leukemia 

≥ 1 claim with 
diagnosis of chronic 
lymphocytic leukemia 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Chronic kidney 
disease / renal disease  

≥ 1 claim with 
diagnosis of chronic 
kidney disease / renal 
disease (in Medicare, 
CKD other than ESRD) 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

ESRD (identified in 
Medicare only) 

≥ 1 claim for chronic 
dialysis 

Binary [−365 to −1] OP/PB Bill type 72x Any b Yes No 

Chronic liver disease ≥ 1 claim with 
diagnosis of chronic 
liver disease 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 
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Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Chronic lung disease ≥ 1 claim with 
diagnosis of chronic 
lung disease 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Dementia / 
neurological 
conditions 

≥ 1 claim with 
diagnosis of dementia 
/ neurological 
conditions 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Diabetes mellitus, 
type 1 or 2 

≥ 1 claim with 
diagnosis of diabetes 
mellitus, type 1 or 2 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Disseminated 
intravascular 
coagulation a 

≥ 1 claim with 
diagnosis of 
disseminated 
intravascular 
coagulation 

Binary [−365 to −1] IP, OP-
ED  

ICD-10-CM Any b Yes No 

Heart conditions ≥ 1 claim with 
diagnosis of heart 
conditions 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Hemiplegia / 
paraplegia 

≥ 1 claim with 
diagnosis of 
hemiplegia / 
paraplegia 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Herpes simplex virus 
infection 

≥ 1 claim with 
diagnosis of herpes 
simplex 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Hypertension ≥ 1 claim with 
diagnosis of 
hypertension 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 
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Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Immunocompromised 
state 

≥ 1 claim with 
diagnosis of 
immunocompromised 
state 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM, 
CPT, HCPCS, 
ICD-10-PCS 

Any b Yes No 

Infections associated 
with GBS c 

≥ 1 claim with 
diagnosis of an 
infection associated 
with GBS 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Viral infections 
associated with ITP c 

≥ 1 claim with 
diagnosis of a viral 
infection associated 
with ITP 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Infections associated 
with myocarditis / 
pericarditis c 

≥ 1 claim with 
diagnosis of an 
infection associated 
with myocarditis / 
pericarditis 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Inpatient surgery ≥ 1 claim with a DRG 
indicating an inpatient 
surgery 

Binary [−90 to −1] IP DRG, ICD-
10-PCS 

NA Yes No 

Lipid abnormality ≥ 1 claim with 
diagnosis of lipid 
abnormality 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Mental health 
conditions 

≥ 1 claim with 
diagnosis of mental 
health conditions 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Nutritional 
deficiencies 

≥ 1 claim with 
diagnosis of 
nutritional 
deficiencies 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Obesity ≥ 1 claim with 
diagnosis of obesity 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 
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Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Peripheral vascular 
disease 

≥ 1 claim with 
diagnosis of peripheral 
vascular disease 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Pneumonia or lower 
respiratory tract 
infection 

≥ 1 claim with a 
diagnosis code for 
pneumonia or lower 
respiratory tract 
infection 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Pregnancy (only 
assessed in 
MarketScan) 

≥ 1 claim with a 
pregnancy status 
code, and no 
pregnancy outcome 

Binary [−280, 0] IP, 
OP/PB 

ICD-10-CM, 
CPT, HCPCS, 
ICD-10-PCS 

Any b Yes No 

Sepsis ≥ 1 claim with 
diagnosis of sepsis 

Binary [−365 to −1] IP ICD-10-CM, 
DRG 

Any b Yes No 

Sickle cell disease / 
thalassemia 

≥ 1 claim with 
diagnosis of sickle cell 
disease / thalassemia 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Smoking / nicotine 
dependency 

≥ 1 claim with 
diagnosis of smoking / 
nicotine dependency  

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Stroke / 
cerebrovascular 
disease 

≥ 1 claim with 
diagnosis of stroke / 
cerebrovascular 
disease 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Thromboembolism ≥ 1 claim with 
diagnosis of 
thromboembolism 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Thrombophilia ≥ 1 claim with 
diagnosis of 
thrombophilia 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Trauma ≥ 1 claim with 
diagnosis of trauma 

Binary [−90 to −1] IP ICD-10-CM, 
DRG 

NA Yes No 
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Characteristic Details Type of variable 
Assessment 
window, 
days 

Care 
setting Code type Diagnosis 

position Prespecified Varied for 
sensitivity 

Tuberculosis ≥ 1 claim with 
diagnosis of 
tuberculosis 

Binary [−365 to −1] IP, 
OP/PB 

ICD-10-CM Any b Yes No 

Healthcare utilization         
Inpatient hospital 
stays 

Count of unique 
hospitalizations 

Categorical 
▪ 0 
▪ 1-2 
▪ ≥ 3 

[−365 to −1] IP NA NA Yes No 

ED visits Count of unique ED 
visits 

Categorical 
▪ 0 
▪ 1-2 
▪ ≥ 3 

[−365 to −1] IP, OP-
ED 

NA NA Yes No 

Outpatient visits Number of unique 
days with non-ED 
outpatient or 
professional provider 
visits 

Categorical 
▪ 0 
▪ 1-2 
▪ 3-5 
▪ 6-10 
▪ ≥ 11 

[−365 to −1] OP/PB NA NA Yes No 

SNF / LTC stay (SNF 
and LTC both 
identified in Medicare; 
SNF only identified in 
MarketScan) 

At least 1 claim or 
record for SNF stay 

Binary [−365 to −1]  NA NA Yes No 

Influenza vaccination ≥ 1 claim with 
procedure code or 
pharmacy code for 
influenza vaccination 

Binary [−365 to −1] IP, 
OP/PB, 
Rx 

CPT, HCPCS, 
NDC 

NA Yes No 

CKD = chronic kidney disease; CPT = Current Procedural Terminology; DRG = diagnosis-related group; ED = emergency department; ESRD = end-stage renal disease; 
GBS = Guillain-Barré syndrome; HCPCS = Healthcare Common Procedure Coding System; ICD-10-CM = International Classification of Diseases, Tenth Revision, Clinical 
Modification; ICD-10-PCS = International Classification of Diseases, Tenth Revision, Procedure Coding System; IP = inpatient; ITP = immune thrombocytopenia; LTC = long-term 
care; MSA = metropolitan statistical area; NA = not applicable; NDC = National Drug Code; OP = outpatient; PB = professional/provider; Rx = pharmacy prescription; 
SNF = skilled nursing facility; US = United States. 

a This variable will be identified as an outcome during follow-up (and outcome-specific exclusion criteria identified before Time 0) using the criteria defined in Table A-4, but it 
will also be identified before Time 0 as a covariate using the criteria described in this table. 
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b Any diagnosis position, excluding admitting diagnosis (available in Medicare only). 
c To avoid defining separate variables for each infection type, composite variables (non-mutually exclusive) of relevant infections for outcomes were defined. 
Table template source: Wang SV, Pinheiro S, Hua W, Arlett P, Uyama Y, Berlin JA, et al. STaRT-RWE: structured template for planning and reporting on the implementation of 

real world evidence studies. BMJ. 2021;372:m4856.  
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Table A-6. Covariates for AE-Specific Propensity Score Models 

Covariate Model form 
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Age b Age, age2, age3 X X X X X X X X X X X X X X X X 
Sex b Binary X X X X X X X X X X X X X X X X 
County / MSA and state 
of residence b 

Categorical, indicator 
for each level X X X X X X X X X X X X X X X X 

Race / ethnicity c Categorical, indicator 
for each level X X X X X X X X X X X X X X X X 

Dual Medicare / 
Medicaid eligibility c 

Binary X X X X X X X X X X X X X X X X 

Reason for entering 
Medicare c 

Categorical, indicator 
for each level X X X X X X X X X X X X X X X X 

Hospitalization status on 
Time 0 b 

Binary X X X X X X X X X X X X X X X X 

SNF / LTC residence on 
Time 0 b, c 

Binary X X X X X X X X X X X X X X X X 

Animal exposure / bites 
or rabies 

Binary   X      X    X    

Antiphospholipid 
syndrome 

Binary             X X X X 

Autoimmune disorders Binary X X X   X X X X X X X X X X X 
Brain lesions related to 
secondary narcolepsy 

Binary    X             

Cancer Binary  X    X X X X X X X X  X X 
Chronic lymphocytic 
leukemia 

Binary             X    
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Covariate Model form 
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Chronic kidney disease / 
renal disease 

Binary      X X X X X X X   X X 

End-stage renal disease c Binary     X X X X X X X X   X X 
Chronic liver disease Binary      X X X X X X X     
Chronic lung disease Binary      X X X      X X X 
Dementia / neurological 
conditions 

Binary X X X X  X X   X X X  X X X 

Diabetes mellitus, type 1 
or 2 

Binary  X    X X X X X X   X X X 

Disseminated 
intravascular coagulation 

Binary               X X 

Heart conditions Binary      X X X X X X    X X 
Hemiplegia / paraplegia Binary X     X X   X X   X X X 
Herpes simplex virus 
infection 

Binary X X X      X    X    

Hypertension Binary      X X X X        
Immunocompromised 
state b 

Binary X X X X X X X X X X X X X X X X 

Infection associated with 
GBS 

Binary X                

Infection associated with 
ITP 

Binary             X    

Infection associated with 
myocarditis / pericarditis 

Binary         X        

Inpatient surgery Binary X         X X X   X X 
Lipid abnormality Binary      X  X  X X    X X 
Mental health conditions Binary  X  X   X X         
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Covariate Model form 
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Nutritional deficiencies Binary         X     X   
Obesity Binary X X  X  X  X X X X    X X 
Peripheral vascular 
disease 

Binary      X X X X X X    X X 

Pneumonia or lower 
respiratory tract infection 

Binary X  X  X X X X X X X X X X X X 

Pregnancy d Binary  X    X X X  X X X   X X 
Sepsis Binary         X   X X    
Sickle cell disease / 
thalassemia 

Binary      X X X  X X     X 

Smoking / nicotine 
dependency 

Binary      X X X  X X X   X X 

Stroke / cerebrovascular 
disease 

Binary    X  X X X  X X     X 

Thromboembolism Binary          X X X   X X 
Thrombophilia Binary      X  X  X X X   X X 
Trauma Binary X     X X  X X X X    X 
Tuberculosis Binary         X X   X  X X 
Inpatient hospital stays 
before Time 0 

Categorical, indicator 
for each level X X X X X X X X X X X X X X X X 

ED visits Categorical, indicator 
for each level X X X X X X X X X X X X X X X X 

Outpatient visits Categorical, indicator 
for each level X X X X X X X X X X X X X X X X 

SNF / LTC stay e Binary X  X   X X X  X X X X X X X 
Influenza vaccination in 
previous year 

Binary X X X X X X X X X X X X X X X X 



67 

AMI = acute myocardial infarction; DIC = disseminated intravascular coagulation; DVT = deep vein thrombosis; ED = emergency department; 
ENC = encephalitis/encephalomyelitis; GBS = Guillain-Barré syndrome; HS = hemorrhagic stroke; ITP = immune thrombocytopenia; LTC = long-term care; MSA = metropolitan 
statistical area; NHS = nonhemorrhagic stroke; SNF = skilled nursing facility; TM = transverse myelitis; TTS = thrombosis with thrombocytopenia syndrome. 

a Evaluated both as inpatient only, and overall. Both outcomes will use the same propensity score model in the same analysis set. 
b Matching variables are included in all propensity score models. 
c Only included in Medicare. 
d Only included in MarketScan. 
e SNF and LTC both included in Medicare; only SNF included in MarketScan. 

 



68 

Appendix B. Table Shells 

Cohort Design 
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Table Shell B-1. Selection of Individuals With a COVID-19 Diagnosis and Comparator Individuals 
Without a COVID-19 Diagnosis for the Cohort Study, <<MarketScan/Medicare>> 

Characteristic Value 
Overall study cohort  
Individuals with COVID-19 diagnosis during the study period xxx,xxx 

Excluded due to being aged outside age range, N (%) xxx (xx.x) 
Excluded due to lacking 365 days of continuous data base enrollment 
before Time 0, N (%) 

xxx (xx.x) 

Excluded due to lacking ≥ 1 healthcare claim during 365 days before Time 
0, N (%) 

xxx (xx.x) 

Excluded due to having a COVID-19 diagnosis before Time 0, N (%) xxx (xx.x) 
Excluded due to having a select respiratory infection before Time 0, N (%) xxx (xx.x) 

Eligible adults with new-onset COVID-19 xxx,xxx 
Excluded due to failing to match, N (%) xxx (xx.x) 

Matched individuals with COVID-19 xxx,xxx 
Matched comparator observations a (unique individuals) xxx,xxx (xxx,xxx) 
Total study cohort xxx,xxx 
Outcome-specific analysis sets b  

Excluded due to having previous Guillain-Barré syndrome xxx (xx.x) 
Guillain-Barré syndrome analysis set xxx,xxx 

Excluded due to having previous Bell’s palsy xxx (xx.x) 
Bell’s palsy analysis set xxx,xxx 

Excluded due to having previous encephalitis/encephalomyelitis xxx (xx.x) 
Encephalitis/encephalomyelitis analysis set xxx,xxx 

Excluded due to having previous narcolepsy xxx (xx.x) 
Narcolepsy analysis set xxx,xxx 

Excluded due to having previous appendicitis xxx (xx.x) 
Appendicitis analysis set xxx,xxx 

Excluded due to having previous nonhemorrhagic stroke xxx (xx.x) 
Nonhemorrhagic stroke analysis set xxx,xxx 

Excluded due to having previous hemorrhagic stroke xxx (xx.x) 
Hemorrhagic stroke analysis set xxx,xxx 

Excluded due to having previous acute myocardial infarction xxx (xx.x) 
Acute myocardial infarction analysis set xxx,xxx 

Excluded due to having previous myocarditis pericarditis xxx (xx.x) 
Myocarditis / pericarditis analysis set xxx,xxx 

Excluded due to having previous deep vein thrombosis xxx (xx.x) 
Deep vein thrombosis analysis set xxx,xxx 

Excluded due to having previous pulmonary embolism xxx (xx.x) 
Pulmonary embolism analysis set c xxx,xxx 

Excluded due to having previous disseminated intravascular coagulation xxx (xx.x) 
Disseminated intravascular coagulation analysis set xxx,xxx 
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Characteristic Value 
Excluded due to having previous immune thrombocytopenia xxx (xx.x) 

Immune thrombocytopenia analysis set xxx,xxx 
Excluded due to having previous transverse myelitis xxx (xx.x) 

Transverse myelitis analysis set xxx,xxx 
Excluded due to having previous unusual site thrombosis with 
thrombocytopenia 

xxx (xx.x) 

Unusual site thrombosis with thrombocytopenia analysis set xxx,xxx 
Excluded due to having previous common site thrombosis with 
thrombocytopenia 

xxx (xx.x) 

Common site thrombosis with thrombocytopenia analysis set xxx,xxx 
COVID-19 = coronavirus disease 2019. 
a A unique individual may be included multiple times due to matching with replacement, and an individual may be included in 

both the exposure and comparator groups. This table counts each instance of an individual’s entry separately as distinct 
observations; the number of unique individuals is reported separately. 

b Denominators for all outcome-specific exclusions are the total study cohort; exclusions are noncumulative across analysis sets. 
c Both pulmonary embolism outcomes (i.e., inpatient only, and overall) will be evaluated in the same analysis set. 
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Table Shell B-2. Characteristics of Individuals With a COVID-19 Diagnosis and Comparator 
Individuals Without a COVID-19 Diagnosis Included in the Cohort Study, 
<<MarketScan/Medicare>> 

Characteristic 
COVID-19 
diagnosis 

(exposure) group 

Comparator 
group ASD 

Total selected observations a (unique individuals) XXX (XXX) XXX (XXX)  
Demographic characteristics    

Age, years    
Mean (SD) xx.x (xx.x) xx.x (xx.x) x.xx 
Median (Q1, Q3) xx (xx, xx) xx (xx, xx)  
Age groups, n (%)    

18-34 years xxx (xx.x) xxx (xx.x)  
35-49 years xxx (xx.x) xxx (xx.x)  
50-64 years xxx (xx.x) xxx (xx.x)  
65-79 years xxx (xx.x) xxx (xx.x)  
≥ 80 years xxx (xx.x) xxx (xx.x)  

Sex, n (%)   x.xx 
Female xxx (xx.x) xxx (xx.x)  
Male xxx (xx.x) xxx (xx.x)  

US geographic region, n (%) xxx (xx.x) xxx (xx.x) x.xx 
Northeast xxx (xx.x) xxx (xx.x)  
North central xxx (xx.x) xxx (xx.x)  
South xxx (xx.x) xxx (xx.x)  
West xxx (xx.x) xxx (xx.x)  
Unknown xxx (xx.x) xxx (xx.x)  

Race / ethnicity, n (%) b   x.xx 
American Indian / Native American / Alaska 
Native 

xxx (xx.x) xxx (xx.x)  

Asian xxx (xx.x) xxx (xx.x)  
Black or African American xxx (xx.x) xxx (xx.x)  
Hispanic / Latin American / Latinx xxx (xx.x) xxx (xx.x)  
White xxx (xx.x) xxx (xx.x)  
A race / ethnicity not listed xxx (xx.x) xxx (xx.x)  
Not provided xxx (xx.x) xxx (xx.x)  

Dual Medicare / Medicaid eligibility, n (%) b xx.x (xx.x) xx.x (xx.x) x.xx 
Original reason for Medicare eligibility, n (%) b   x.xx 

Age xxx (xx.x) xxx (xx.x)  
Disability xxx (xx.x) xxx (xx.x)  
End-stage renal disease xxx (xx.x) xxx (xx.x)  

Hospitalized on Time 0, n (%) xxx (xx.x) xxx (xx.x) x.xx 
SNF / LTC b residence on Time 0, n (%) xxx (xx.x) xxx (xx.x) x.xx 

Comorbidities, n (%)    
Animal exposure / bites or rabies xxx (xx.x) xxx (xx.x) x.xx 
Antiphospholipid syndrome xxx (xx.x) xxx (xx.x) x.xx 
Autoimmune disorders xxx (xx.x) xxx (xx.x) x.xx 
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Characteristic 
COVID-19 
diagnosis 

(exposure) group 

Comparator 
group ASD 

Brain lesions related to secondary narcolepsy xxx (xx.x) xxx (xx.x) x.xx 
Cancer xxx (xx.x) xxx (xx.x) x.xx 
Chronic lymphocytic leukemia xxx (xx.x) xxx (xx.x) x.xx 
Chronic kidney disease or renal disease (other 
than end-stage renal disease) 

xxx (xx.x) xxx (xx.x) x.xx 

End-stage renal disease b xxx (xx.x) xxx (xx.x) x.xx 
Chronic liver disease xxx (xx.x) xxx (xx.x) x.xx 
Chronic lung diseases xxx (xx.x) xxx (xx.x) x.xx 
Dementia or other neurologic condition xxx (xx.x) xxx (xx.x) x.xx 
Diabetes, Type 1 or 2 xxx (xx.x) xxx (xx.x) x.xx 
Disseminated intravascular coagulation c xxx (xx.x) xxx (xx.x) x.xx 
Heart conditions xxx (xx.x) xxx (xx.x) x.xx 
Hemiplegia or paraplegia xxx (xx.x) xxx (xx.x) x.xx 
Herpes simplex infection xxx (xx.x) xxx (xx.x) x.xx 
Hypertension xxx (xx.x) xxx (xx.x) x.xx 
Immunocompromised state xxx (xx.x) xxx (xx.x) x.xx 
Infection associated with GBS xxx (xx.x) xxx (xx.x) x.xx 
Viral infection associated with ITP xxx (xx.x) xxx (xx.x) x.xx 
Infection associated with myocarditis / 
pericarditis 

xxx (xx.x) xxx (xx.x) x.xx 

Inpatient surgery xxx (xx.x) xxx (xx.x) x.xx 
Lipid abnormality xxx (xx.x) xxx (xx.x) x.xx 
Mental health conditions xxx (xx.x) xxx (xx.x) x.xx 
Nutritional deficiency xxx (xx.x) xxx (xx.x) x.xx 
Obese or severely obese xxx (xx.x) xxx (xx.x) x.xx 
Peripheral vascular disease xxx (xx.x) xxx (xx.x) x.xx 
Pneumonia or lower respiratory tract infection xxx (xx.x) xxx (xx.x) x.xx 
Pregnancy xxx (xx.x) xxx (xx.x) x.xx 
Sepsis xxx (xx.x) xxx (xx.x) x.xx 
Sickle cell disease or thalassemia xxx (xx.x) xxx (xx.x) x.xx 
Smoking / nicotine dependency xxx (xx.x) xxx (xx.x) x.xx 
Stroke or cerebrovascular disease xxx (xx.x) xxx (xx.x) x.xx 
Thromboembolism xxx (xx.x) xxx (xx.x) x.xx 
Thrombophilia xxx (xx.x) xxx (xx.x) x.xx 
Trauma xxx (xx.x) xxx (xx.x) x.xx 
Tuberculosis xxx (xx.x) xxx (xx.x) x.xx 

Healthcare utilization, n (%)    
Inpatient stays in previous 365 days   x.xx 

0 xxx (xx.x) xxx (xx.x)  
1-2 xxx (xx.x) xxx (xx.x)  
≥ 3 xxx (xx.x) xxx (xx.x)  
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Characteristic 
COVID-19 
diagnosis 

(exposure) group 

Comparator 
group ASD 

ED visits in previous 365 days   x.xx 
0 xxx (xx.x) xxx (xx.x)  
1-2 xxx (xx.x) xxx (xx.x)  
≥ 3 xxx (xx.x) xxx (xx.x)  

Outpatient provider visits d in previous 365 days   x.xx 
0 xxx (xx.x) xxx (xx.x)  
1-2 xxx (xx.x) xxx (xx.x)  
3-5 xxx (xx.x) xxx (xx.x)  
6-10 xxx (xx.x) xxx (xx.x)  
≥ 11 xxx (xx.x) xxx (xx.x)  

SNF / LTC stay e xxx (xx.x) xxx (xx.x) x.xx 
Influenza vaccination in previous year xxx (xx.x) xxx (xx.x) x.xx 

ASD = absolute standardized difference; COVID-19 = coronavirus disease 2019; ED = emergency department; GBS = Guillain-
Barré syndrome; ITP = immune thrombocytopenia; LTC = long-term care; Q1 = first quartile, Q3 = third quartile; 
SD = standard deviation; SNF = skilled nursing facility; US = United States. 

a A unique individual may be included multiple times due to matching with replacement, and an individual may be included in 
both the exposure and comparator groups. This table counts each instance of an individual’s entry separately as distinct 
observations; the number of unique individuals is reported separately. 

b Only available in Medicare. 
c This serves as an outcome-specific exclusion criterion when the condition is evaluated as an outcome, but history of the 

condition serves as a covariate for analyses of other outcomes. 
d Unique days on which an outpatient visit occurred. 
e SNF and LTC both identified in Medicare; SNF identified in MarketScan. 

Programmer’s note: This same table shell will be used to describe the characteristics of the matched and 
unmatched individuals with a COVID-19 diagnosis; the column headings will be updated to “COVID-19 
diagnosis (exposure) group, retained by matching” and “Individuals with a COVID-19 diagnosis who 
failed to match.” The ASD column will not be included for this analysis.  



74 

Table Shell B-3. Distribution of Stabilized Inverse Probability of Treatment Weights in Individuals 
With a COVID-19 Diagnosis and Comparator Individuals Without a COVID-19 
Diagnosis Included in the Cohort Study, <<Outcome>>-Specific Analysis Set, 
<<MarketScan/Medicare>> 

Characteristic COVID-19 diagnosis 
(exposure) group Comparator group 

Total included observations a xxx,xxx xxx,xxx 
Total weighted sample size (sum of all sIPT weights) xxx,xxx xxx,xxx 
Distribution of sIPT weights   

Mean (SD) xx.x (xx.x) xx.x (xx.x) 
Median (Q1, Q3) xx (xx, xx) xx (xx, xx) 
Minimum xxx (xx.x) xxx (xx.x) 
Maximum xxx (xx.x) xxx (xx.x) 

COVID-19 = coronavirus disease 2019; Q1 = first quartile; Q3 = third quartile; SD = standard deviation; sIPT = stabilized inverse 
probability of treatment. 

a A unique individual may be included multiple times due to matching with replacement, and an individual may be included in 
both the exposure and comparator groups. This table counts each instance of an individual’s entry separately as distinct 
observations. 
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Table Shell B-4. Association of a COVID-19 Diagnosis With <<Outcome>>, Cohort Design, <<MarketScan/Medicare>> 

Time period Exposure group Outcome cases Person-time (days) Crude cumulative 
incidence a (95% CI) 

Crude HR 
(95% CI) 

sIPT-weighted 
HR (95% CI) 

Overall COVID-19 xx xxx,xxx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) 
Overall Comparator xx xxx,xxx x.xx (x.xx, x.xx) — — 

Day 0 COVID-19 xx xxx,xxx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) 
Day 0 Comparator xx xxx,xxx x.xx (x.xx, x.xx) — — 
Day 0 - <<27/41>> COVID-19 xx xxx,xxx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) 
Day 0 - <<27/41>> Comparator xx xxx,xxx x.xx (x.xx, x.xx) — — 
Day 0-90 COVID-19 xx xxx,xxx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) 
Day 0-90 Comparator xx xxx,xxx x.xx (x.xx, x.xx) — — 
Day 0-180 COVID-19 xx xxx,xxx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) 
Day 0-180 Comparator xx xxx,xxx x.xx (x.xx, x.xx) — — 

CI = confidence interval; COVID-19 = coronavirus disease 2019; HR = hazard ratio; sIPT = stabilized inverse probability of treatment. 
a Estimated as the 1 minus the Kaplan-Meier survival estimator; expressed as risk per 100,000 individuals 
Note: propensity score variables for the sIPT weight generation include: <<list of outcome-specific propensity score variables>> 

Programmers note: A separate table will be created for each outcome. The prespecified outcome risk window will be used for the ‘Day 0 - 
<<27/41>>‘ label. 
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Table Shell B-5. Negative Control Outcomes Occurring Before Time 0 in Individuals With a 
COVID-19 Diagnosis and Comparator Individuals Without a COVID-19 Diagnosis 
Included in the Cohort Study, sIPT-Weighted Exposure Groups, <<MarketScan / 
Medicare>> 

Analysis set Negative control outcome 

COVID-19 
diagnosis 

(exposure) 
group, 
N (%) 

Comparator 
group, 
N (%) 

ASD 

Guillain-Barré syndrome Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Bell’s palsy  Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Encephalitis / encephalomyelitis Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Narcolepsy  Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Appendicitis  Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Nonhemorrhagic stroke Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Hemorrhagic stroke Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Acute myocardial infarction Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Myocarditis / pericarditis Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 



77 

Analysis set Negative control outcome 

COVID-19 
diagnosis 

(exposure) 
group, 
N (%) 

Comparator 
group, 
N (%) 

ASD 

Deep vein thrombosis Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Pulmonary embolism Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Disseminated intravascular 
coagulation 

Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 

 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Immune thrombocytopenia Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Transverse myelitis Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Unusual site TTS Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 
Common site TTS Colonic diverticulitis xxx (xx.x) xxx (xx.x) x.xx 
 Laceration of hand / finger xxx (xx.x) xxx (xx.x) x.xx 
 Gout xxx (xx.x) xxx (xx.x) x.xx 
 Arm / leg cellulitis xxx (xx.x) xxx (xx.x) x.xx 

ASD = absolute standardized difference; COVID-19 = coronavirus disease 2019; sIPT = stabilized inverse probability of 
treatment; TTS = thrombosis with thrombocytopenia syndrome. 
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Table Shell B-6. Negative Control Outcomes and Study Outcomes Occurring on the Same Day in 
Individuals With a COVID-19 Diagnosis and Comparator Individuals Without a 
COVID-19 Diagnosis Included in the Cohort Study, <<MarketScan / Medicare>> 

Analysis set and outcome Negative control outcome 
Outcome 

cases, 
N 

Negative 
control 

outcome 
case, 

N 

Cases 
occurring 
on same 
day, % a 

Guillain-Barré syndrome Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Bell’s palsy  Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Encephalitis / encephalomyelitis Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Narcolepsy  Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Appendicitis  Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Nonhemorrhagic stroke Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Hemorrhagic stroke Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Acute myocardial infarction Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Myocarditis / pericarditis Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Deep vein thrombosis Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
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Analysis set and outcome Negative control outcome 
Outcome 

cases, 
N 

Negative 
control 

outcome 
case, 

N 

Cases 
occurring 
on same 
day, % a 

Pulmonary embolism Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Disseminated intravascular coagulation Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Immune thrombocytopenia Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Transverse myelitis Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Unusual site TTS Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 
Common site TTS Colonic diverticulitis xxx xxx xx.x 
 Laceration of hand / finger xxx xxx xx.x 
 Gout xxx xxx xx.x 
 Arm / leg cellulitis xxx xxx xx.x 

COVID-19 = coronavirus disease 2019;TTS = thrombosis with thrombocytopenia syndrome. 
a Percentages calculated as the proportion of identified negative control outcome cases occurring on the same day as an 

outcome case. 
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Table Shell B-7. Association of a COVID-19 Diagnosis With Select Negative Control Outcomes, 
<<Outcome>>-Specific Analysis Set, <<MarketScan / Medicare>> 

Negative control outcome Exposure 
group 

Outcome 
cases 

Person-time 
(days) 

Crude HR 
(95% CI) 

sIPT HR 
(95% CI) 

Colonic diverticulitis COVID-19 xx xxx,xxx x.xx (x.xx, x.xx)  x.xx (x.xx, x.xx)  
 Comparator xx xxx,xxx -- -- 
Laceration of hand or finger COVID-19 xx xxx,xxx x.xx (x.xx, x.xx)  x.xx (x.xx, x.xx)  
 Comparator xx xxx,xxx -- -- 
Gout COVID-19 xx xxx,xxx x.xx (x.xx, x.xx)  x.xx (x.xx, x.xx)  
 Comparator xx xxx,xxx -- -- 
Arm / leg cellulitis COVID-19 xx xxx,xxx x.xx (x.xx, x.xx)  x.xx (x.xx, x.xx)  
 Comparator xx xxx,xxx -- -- 

CI = confidence interval; COVID-19 = coronavirus disease 2019; HR = hazard ratio; sIPT = stabilized inverse probability of 
treatment. 

 

Programmer’s note: A separate table will be created for each AE-specific analysis set. 
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Figure Shell B-1. Propensity Score Distributions Among Individuals With a COVID-19 Diagnosis and 
Comparators Without a COVID-19 Diagnosis, <<Outcome>>-Specific Analysis Set, 
<<MarketScan/Medicare>> 

Insert Figure 
COVID-19 = coronavirus disease 2019. 
Note: A unique individual may be included multiple times and may appear in both exposure groups. This plot evaluates each 

instance where an individual is selected independently. 

 

Programmer’s Note: A separate plot will be generated for each outcome-specific analysis set. The 
smoothed distributions of propensity scores will be plotted by exposure group. 
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Figure Shell B-2. Balance of Covariate Distributions Among Individuals With a COVID-19 Diagnosis 
and Comparator Individuals Without a COVID-19 Diagnosis, Cohort Design, Before 
and After Stabilized Inverse Probability of Treatment Weighting, <<Outcome>>-
Specific Analysis Set, <<MarketScan/Medicare>> 

Insert Figure 
ASD = absolute standardized difference; COVID-19 = coronavirus disease 2019. 

 

Programmer’s Note: A separate plot will be generated for each outcome-specific analysis set. The plot 
will have all covariates (and indicators for history of negative control outcomes occurring before Time 0) 
on the vertical axis and the ASD on the horizontal axis. For each covariate, the ASD value in the crude 
cohort will be plotted using one symbol, and the ASD value in the weighted cohort will be plotted with 
another symbol (i.e., each row will have 2 plotted symbols). 
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Figure Shell B-3. Cumulative Incidence of <<Outcome>> Among Individuals With a COVID-19 
Diagnosis and Comparator Individuals Without a COVID-19 Diagnosis, 
Cohort Design, Before and After sIPT Weighting, <<MarketScan/Medicare>> 

A. Insert Figure, Part A 
B. Insert figure, Part B 

COVID-19 = coronavirus disease 2019; sIPT = stabilized inverse probability of treatment. 

 

Programmers note: This plot will be generated separate for each outcome. The cumulative incidence of 
the outcome in each exposure group will be plotted with separate curves with time since Time 0 on the 
horizontal axis, and cumulative incidence on the vertical axis. The number remaining in each exposure 
group will be reported at each of the prespecified time points (Time 0, day 27 for AEs with a prespecified 
28-day risk window; day 41 for AEs with a prespecified 42-day risk window; day 90; day 180). Each figure 
will have 2 panels: 

 A: Before weighting (crude) 

 B: After weighting 
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Figure Shell B-4. Association of a COVID-19 Diagnosis With <<Outcome>>, Cohort Design, Overall 
and Within Subgroups of Interest, <<MarketScan/Medicare>> 

Insert Figure 
CI = confidence interval; COVID-19 = coronavirus disease 2019; HR = hazard ratio. 

 

Programmer’ note: A separate forest plot will be generated for each outcome. The subgroup-defining 
characteristics will be listed on the horizontal axis. The full HR and 95% CI estimates will be printed, and 
then plotted. The overall HR and 95% CI estimate from Table Shell B-4 in Appendix B will be included at 
the top of the forest plot. 
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Figure Shell B-5. Association of a COVID-19 Diagnosis With Adverse Events, Cohort Design, Primary 
Analyses and Sensitivity Analyses with Expanded Exclusion Criteria, 
<<MarketScan/Medicare>> 

Insert Figure 
AE = adverse event; CI = confidence interval; COVID-19 = coronavirus disease 2019; HR = hazard ratio. 

 

Programmer’s note: All AEs will be presented on the same forest plot. For each AE, the overall sIPT-
weighted HR and 95% CI from Table Shell B-4 in Appendix Bwill be plotted along with the sIPT-weighted 
HR and 95% from the sensitivity analysis. 
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Self-Controlled Risk Interval Design 

Table Shell B-8. Selection of Individuals With a COVID-19 Diagnosis for the Self-Controlled Risk 
Interval Study, <<MarketScan/Medicare>> 

Characteristic Value 
Overall SCRI population  
Individuals with COVID-19 diagnosis during the study period xxx,xxx 

Excluded due to being aged outside age range, N (%) xxx (xx.x) 
Excluded due to lacking 365 days of continuous database enrollment before 
Time 0, N (%) 

xxx (xx.x) 

Excluded due having a previous COVID-19 diagnosis xxx (xx.x) 
Excluded due to having a previous select respiratory infection xxx (xx.x) 
Excluded due to lacking ≥ 1 day in the pre-exposure reference window xxx (xx.x) 

Total SCRI population xxx,xxx 
Outcome-specific analysis sets with 42-day risk windows a  

Excluded due to not having Guillain-Barré syndrome in risk or reference 
window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having Guillain-Barre syndrome in outcome washout 
window 

xxx (xx.x) 

Guillain-Barré syndrome analysis set xxx,xxx 
Excluded due to not having Bell’s palsy in risk or reference window xxx (xx.x) 
Excluded due to lacking 183 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having Bell’s palsy in outcome washout window xxx (xx.x) 
Bell’s palsy analysis set xxx,xxx 

Excluded due to not having narcolepsy in risk or reference window xxx (xx.x) 
Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having narcolepsy in outcome washout window xxx (xx.x) 
Narcolepsy analysis set xxx,xxx 

Excluded due to not having appendicitis in risk or reference window xxx (xx.x) 
Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having appendicitis in outcome washout window xxx (xx.x) 
Appendicitis analysis set xxx,xxx 

Excluded due to not having myocarditis / pericarditis in risk or reference 
window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having myocarditis / pericarditis in outcome washout 
window 

xxx (xx.x) 

Myocarditis / pericarditis analysis set xxx,xxx 
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Characteristic Value 
Excluded due to not having immune thrombocytopenia in risk or reference 
window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having immune thrombocytopenia in outcome washout 
window 

xxx (xx.x) 

Immune thrombocytopenia analysis set xxx,xxx 
Excluded due to not having transverse myelitis in risk or reference window xxx (xx.x) 
Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having transverse myelitis in outcome washout window xxx (xx.x) 
Transverse myelitis analysis set xxx,xxx 

Outcome-specific analysis sets with 28-day risk windows a  
Excluded due to not having deep vein thrombosis in risk or reference 
window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having deep vein thrombosis in outcome washout window xxx (xx.x) 
Deep vein thrombosis analysis set xxx,xxx 

Excluded due to not having pulmonary embolism, inpatient, in risk or 
reference window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having pulmonary embolism in outcome washout window xxx (xx.x) 
Pulmonary embolism, inpatient, analysis set xxx,xxx 

Excluded due to not having pulmonary embolism, overall, in risk or 
reference window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having pulmonary embolism in outcome washout window xxx (xx.x) 
Pulmonary embolism, overall, analysis set xxx,xxx 

Excluded due to not having disseminated intravascular coagulation in risk 
or reference window 

xxx (xx.x) 

Excluded due to lacking 365 days of continuous database enrollment before 
outcome date 

xxx (xx.x) 

Excluded due to having disseminated intravascular coagulation in outcome 
washout window 

xxx (xx.x) 

Disseminated intravascular coagulation analysis set xxx,xxx 
COVID-19 = coronavirus disease 2019; SCRI = self-controlled risk interval. 
a Denominators for all outcome-specific exclusions are the total SCRI after excluding those with ≥ 1 day in risk and reference 

windows; exclusions are noncumulative across analysis sets. 
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Table Shell B-9. Characteristics of Individuals With a COVID-19 Diagnosis Included in the Self-
Controlled Risk Interval Analysis Study Population, <<MarketScan/Medicare>>, 
<<Overall/<<Outcome>> Analysis Set>> 

Characteristic Value 
Total included individuals XXX 
Age, years  

Mean (SD) xx.x (xx.x) 
Median (Q1, Q3) xx (xx, xx) 
Age groups, n (%)  

18-34 years xxx (xx.x) 
35-49 years xxx (xx.x) 
50-64 years xxx (xx.x) 
65-79 years xxx (xx.x) 
≥ 80 years xxx (xx.x) 

Sex  
Female xxx (xx.x) 
Male xxx (xx.x) 

US geographic region, n (%)  
Northeast xxx (xx.x) 
North central xxx (xx.x) 
South xxx (xx.x) 
West xxx (xx.x) 
Unknown xxx (xx.x) 

Race / ethnicity, n (%) a  
American Indian / Native American / Alaska Native xxx (xx.x) 
Asian xxx (xx.x) 
Black or African American xxx (xx.x) 
Hispanic / Latin American / Latinx xxx (xx.x) 
White xxx (xx.x) 
A race / ethnicity not listed xxx (xx.x) 
Not provided xxx (xx.x) 

Hospitalized on Time 0, n (%) xxx (xx.x) 
SNF / LTC a residence on Time 0, n (%) xxx (xx.x) 
Immunocompromised state, n (%) xxx (xx.x) 

COVID-19 = coronavirus disease 2019; LTC = long-term care; Q1 = first quartile; Q3 = third quartile; SD = standard deviation; 
SNF = skilled nursing facility; US = United States. 

a Only available in Medicare. 

 

Programmer’s note: This table will be produced for the overall SCRI analysis population and for each 
outcome-specific analysis set. 
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Table Shell B-10. Association of COVID-19 Diagnosis With Adverse Events, Self-Controlled Risk Interval Analysis, <<MarketScan/Medicare>> 

Outcomes N Cases in risk 
window 

Cases in 
reference 
window 

Standard 
model a 

RI (95% CI) 

Extended 
model b 

RI (95% CI) 

Attributable 
risk 

Guillain-Barré syndrome xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Bell’s palsy  xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Narcolepsy  xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Appendicitis  xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Myocarditis / pericarditis xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Deep vein thrombosis xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Pulmonary embolism, inpatient only  xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Pulmonary embolism, overall xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Disseminated intravascular coagulation xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Immune thrombocytopenia xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 
Transverse myelitis xxx xx xx x.xx (x.xx, x.xx) x.xx (x.xx, x.xx) x.xx 

CI = confidence interval; COVID-19 = coronavirus disease 2019; RI = relative incidence. 
a Conditional Poisson regression. 
b Conditional Poisson model accounting for event-dependent observation windows. 
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Table Shell B-11. Association of COVID-19 Diagnosis With <<Outcome>>, Self-Controlled Risk 
Interval Analysis, Within Subgroups, <<MarketScan/Medicare>> 

Subgroup N Cases in risk 
window 

Cases in 
reference 
window 

Extended 
model a 

RI (95% CI) 
Sex     

Female xxx xx xx x.xx (x.xx, x.xx) 
Male xxx xx xx x.xx (x.xx, x.xx) 

Age group     
18-34 years xxx xx xx x.xx (x.xx, x.xx) 
35-49 years xxx xx xx x.xx (x.xx, x.xx) 
50-64 years xxx xx xx x.xx (x.xx, x.xx) 
65-79 years xxx xx xx x.xx (x.xx, x.xx) 
≥ 80 years xxx xx xx x.xx (x.xx, x.xx) 

Immunocompromised state xxx xx xx x.xx (x.xx, x.xx) 
Hospitalized on Time 0 xxx xx xx x.xx (x.xx, x.xx) 

CI = confidence interval; COVID-19 = coronavirus disease 2019; RI = relative incidence. 
a Conditional Poisson model accounting for event-dependent observation windows. 

 

Programmers note: This table shell will be recreated for every AE where subgroups are performed. If a 
certain subgroup is not performed for a particular AE, it will be indicated with “NC” (not calculable). 

Programmers note: Age groups < 65 years will only be included in MarketScan; age groups ≥ 65 years will 
only be included in Medicare.



91 

Table Shell B-12. Association of COVID-19 Diagnosis With Adverse Events Within Prespecified Risk Windows and Pre-Exposure and 
Postexposure Alternative Windows Compared With the Referent Window, Self-Controlled Risk Interval Analysis Using 
Extended Poisson Model for Event-Dependent Observation Windows, <<MarketScan/Medicare>> 

Outcomes Risk period N 
Cases in 

risk 
window 

Cases in 
reference 
window 

Extended 
model a 

RI (95% CI) 
Guillain-Barré syndrome Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 
Bell’s palsy  Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 
Narcolepsy  Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 
Appendicitis  Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 
Myocarditis / pericarditis Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 
Deep vein thrombosis Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 27]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [28, 55]) xx xx xx x.xx (x.xx, x.xx) 
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Outcomes Risk period N 
Cases in 

risk 
window 

Cases in 
reference 
window 

Extended 
model a 

RI (95% CI) 
Pulmonary embolism, inpatient  Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 27]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [28, 55]) xx xx xx x.xx (x.xx, x.xx) 
Pulmonary embolism, overall Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 27]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [28, 55]) xx xx xx x.xx (x.xx, x.xx) 
Disseminated intravascular coagulation Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 27]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [28, 55]) xx xx xx x.xx (x.xx, x.xx) 
Immune thrombocytopenia Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 
Transverse myelitis Pre-exposure window (days [−7, −1]) xx xx xx x.xx (x.xx, x.xx) 
 Day 0 (day [0, 0]) xx xx xx x.xx (x.xx, x.xx) 
 Modified, prespecified risk window (days [1, 41]) xx xx xx x.xx (x.xx, x.xx) 
 Postexposure buffer (days [42, 69]) xx xx xx x.xx (x.xx, x.xx) 

CI = confidence interval; COVID-19 = coronavirus disease 2019; RI = relative incidence. 
a Conditional Poisson model accounting for event-dependent observation windows. 
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Insert Figure 
CI = confidence interval; COVID-19 = coronavirus disease 2019; RI = relative incidence. 

 

Programmer’s note: All outcomes will be presented on the same forest plot. For each outcome, the extended 
Poisson model for event-dependent observation windows RI and 95% CI from Table Shell B-11 in Appendix Bwill be 
plotted along with the RI and 95% CI from the sensitivity analysis. 

Figure Shell B-6.  Self-Controlled Case Series Analysis With Extended Poisson Model Design for Event-
Dependent Observation Windows, Primary Analyses and Sensitivity Analyses With 
Expanded Exclusion Criteria, <<MarketScan/Medicare>> 
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