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Summary
Background Adverse events of special interest (AESIs) were pre-specified to be monitored for the COVID-19 vaccines.
Some AESIs are not only associated with the vaccines, but with COVID-19. Our aim was to characterise the incidence
rates of AESIs following SARS-CoV-2 infection in patients and compare these to historical rates in the general population.

Methods Amulti-national cohort studywith data fromprimary care, electronic health records, and insurance claimsmapped
to a commondatamodel. This study’s evidencewas collected between Jan 1, 2017 and the conclusion of each database (which
ranged from Jul 2020 to May 2022). The 16 pre-specified prevalent AESIs were: acute myocardial infarction, anaphylaxis,
appendicitis, Bell’s palsy, deep vein thrombosis, disseminated intravascular coagulation, encephalomyelitis, Guillain-
Barré syndrome, haemorrhagic stroke, non-haemorrhagic stroke, immune thrombocytopenia, myocarditis/pericarditis,
narcolepsy, pulmonary embolism, transverse myelitis, and thrombosis with thrombocytopenia. Age-sex standardised
incidence rate ratios (SIR) were estimated to compare post-COVID-19 to pre-pandemic rates in each of the databases.

Findings Substantial heterogeneity by agewas seen forAESI rates, with some clearly increasingwith age but others following
the opposite trend. Similarly, differences were also observed across databases for same health outcome and age-sex strata. All
studied AESIs appeared consistently more common in the post-COVID-19 compared to the historical cohorts, with related
meta-analytic SIRs ranging from 1.32 (1.05 to 1.66) for narcolepsy to 11.70 (10.10 to 13.70) for pulmonary embolism.

Interpretation Our findings suggest all AESIs are more common after COVID-19 than in the general population.
Thromboembolic events were particularly common, and over 10-fold more so. More research is needed to
contextualise post-COVID-19 complications in the longer term.

Funding None.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study
During the rollout of the COVID-19 vaccinations, regulatory
authorities paid special attention to a pre-specified list of adverse
events of particular concern (AESIs). Some of the pre-specified
AESIs have since been relatedwith vaccinations. Not only are some
AESIs potentially relatedwith COVID-19 vaccinations, but alsowith
the virus itself. To comprehend the benefit-risk of COVID-19
vaccinations, we must be aware of the projected COVID-19
infection rates. A literature search was conducted up until March
31, 2022 in PubMed to determine what evidence has previously
beenpublishedon theoccurrenceofAESI after COVID-19 infection.
Included in the search criteria were “COVID-19” and each of the 16
AESIs evaluated (the original 15 AESIs plus thrombosis with
thrombocytopenia). There were 63 publications discovered and
evaluated. However, the investigationswere conducted on a single
database or a small number of databases, and the majority of the
papers concerned AESIs after immunization, with no mention of
post-COVID occurrences.

Added value of this study
We demonstrate that all 16 studied AESIs are more common after
COVID-19 than expected in the general population.
Thromboembolic events were particularly common, and over 10-
fold more so. These findings highlight the need for more research
to contextualize post-COVID-19 complications in the longer term.

Implications of all the available evidence
Our study shows considerable database heterogeneity across
the AESIs, suggesting individual study estimates should be
interpreted with caution. Comparing the ‘Subjects with
COVID-19’ to the ‘Pre-Pandemic Background Population’
shows a fairly consistent elevated rate in experiencing an AESI
within 90-days after index. The results of this work are of
public health importance as they help to put into perspective
the risk of the AESIs post vaccination versus post SARS-CoV-2
infection.
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Introduction
Since coronavirus disease 2019 (COVID-19) was first re-
ported until July 2022, over 554 million cases and 6.3
million deaths have been reported worldwide.1 COVID-19
vaccines have demonstrated to reduce COVID-19 hospi-
talisations and deaths, both in randomised controlled trials
and in real-world observational studies.2,3 As of 30th May
2022, more than 5 billion people (approximately 67% of
the global population) have received at least one dose of a
COVID-19 vaccine.4 At least 39 vaccines have been
authorised or approved for use by at least one country, of
which 11 have been granted emergency use by the World
Health Organization (WHO). Although vaccine safety has
been rigorously monitored in clinical trials, rare adverse
events can go undetected during vaccine development due
to limited number of trial participants, a relatively short
follow-up duration, and insufficient generalisability to the
broader population.

Throughout the roll-out of the COVID-19 vaccines,
adverse events of special interest (AESIs) have been pre-
specified to be monitored by medicines regulatory au-
thorities. To provide context for these safety investigations,
Li et al.,5 in a multinational network cohort study, reported
heterogeneity in the background incidence rates of 15
AESIs across age and sex stratification as well as various
administrative claims and electronic health records (EHR)
databases. Against this backdrop, some vaccine-related
adverse events have gone on to be associated with the
vaccines; two within the originally pre-specified 15 AESIs
(myocarditis and pericarditis6 and Guillain-Barré syn-
drome (GBS)7), and one newly-identified AESI (throm-
bosis with thrombocytopenia syndrome8).

It is, however, important to note that some AESIs are
not only potentially associated with the COVID-19 vac-
cines, but with COVID-19 itself. And in order to under-
stand the benefit risk of COVID-19 vaccines it is important
to contextualise this with expected rates following COVID-
19. To address this problem, the Observational Health
Data Sciences and Informatics (OHDSI)9 community
carried out a network study using observational data from
26 databases across 11 countries with the aim of esti-
mating the incidence rates of 16 vaccine related AESIs
among people who had COVID-19, as compared to the
background population during the pre-pandemic phase.
Methods
Data sources
Rates were obtained from 26 databases, which included
8 administrative claims databases, 12 EHRs, 1 EHR with
a registry, and 5 general practitioner (GP) databases.
These databases represented 11 countries: Belgium,
Estonia, France, Germany, Japan, the Netherlands,
Serbia, Spain, Turkey, the United Kingdom (UK), and
the United States of America (US). All of these data-
bases represent subsets of the total population from
which they originate.
www.thelancet.com Vol 58 April, 2023
The administrative claims databases were: IBM®

MarketScan® Commercial Claims and Encounters
Database (IBM_CCAE); IBM® MarketScan® Multi-
State Medicaid Database (IBM_MDCD); IBM® Mar-
ketScan® Medicare Supplemental and Coordination of
Benefits Database (IBM_MDCR); IQVIA LRxDX Open
Claims (IQVIA_OPENCLAIMS); IQVIA PharMetrics
Plus (IQVIA_PharMetrics); JMDC10; Optum De-
Identified Clinformatics® Data Mart Database–Socio-
Economic Status (SES) (OPTUM_SES); and University
of Tartu (U_OF_TARTU). The EHR systems were:
Health Data Warehouse of Assistance Publique–
Hopitaux de Marseille (APHM); University of Colo-
rado Anschutz Medical Campus- Health Data Compass
(CU_AMC); Columbia University Irving Medical Center
(CUIMC); Fundación para la Investigación e Innovación
Biosanitaria en Atención Primaria COVID-19 (FIIBAP);
Health Informatics Centre (HIC); Parc de Salut Mar
Barcelona Information System (IMASIS); Istanbul Fac-
ulty of Medicine, Istanbul University (IU); Medaman
Hospital Data (MHD); Optum® de-identified Electronic
Health Record Dataset (OPTUM_EHR); STAnford
medicine Research data Repository-OMOP (STARR)11;
University Clinical Center of Serbia (UCCS); and the
University of California Health Data Warehouse
(UCHDW). The EHR paired with a registry was the UK
Biobank (UK_BIOBANK).12 Finally, the GP databases
were: Clinical Practice Research Datalink AURUM
(CPRD_AURUM); Integrated Primary Care Informa-
tion (IPCI)13; IQVIA Disease Analyzer France
(IQVIA_FRANCE_DA)14; IQVIA Disease Analyzer Ger-
many (IQVIA_GERMAN_DA)14; and The Information
System for Research on Primary Care (SIDIAP).15

Table 1 provides a high-level overview of the data-
bases. All datasets were mapped to the Observational
Medical Outcomes Partnership (OMOP) Common Data
Model (CDM) V5.3.1 or higher9 which is maintained by
OHDSI. See Appendix 1 for database details.

The use of APHM was approved by the health data
access commission (CADS). The use of CPRD_AURUM
was approved by the Research Data Governance Process,
protocol 20_000211. The use of IPCI database was
approved by its governance board (2020-04). For
UK_BIOBANK, ethical approval was provided from the
UKB Access Review Board, reference 58,356 “Defining
and redefining human disease at scale: an atlas of the
human phenome.” COVID-19 research using UK Biobank
data has been outlined here: https://www.ukbiobank.ac.
uk/learn-more-about-uk-biobank/covid-19-hub. Partici-
pant data for this project are available directly from theUKB
following a protocol review and contractual agreements,
more information can be found on the UKB website and
participants that had withdrawn consent were excluded
from the study. The use of de-identified STARR-OMOP
data and contribution of aggregate results has been
approved (IRB Panel #8 RB-53248, registered to Lelan
Stanford Junior University) under the Stanford Human
3
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Name Country Data
provenance

Dates covered
YYYY/MM

Total persons % F Ages covered mean
age (IQR)

Patients with
COVID-19 #

Pre-pandemic background
population #

Measurements
with values

APHM FR EHR 1998/11–2021/07 2,465,265 51.9 40 (21–60) 11,431 673,031 N

CPRD_AURUM UK GP 1995/01–2021/03 39,879,547 51.8 31 (18–44) 587,886 14,094,032 Y

CU_AMC US EHR 2011/01–2022/04 4,795,392 54.0 39 (22–56) 72,648 830,579 Y

CUIMC US EHR 1985/03–2021/08 6,808,470 55.8 38 (21–56) 28,044 1,197,983 Y

FIIBAPa ES EHR 2001/03–2021/10 292,305 54.7 41 (23–58) 7138 78 N

HIC SC EHR 2005/01–2021/12 1,254,464 50.4 45 (28–66) 11,813 885,236 Y

IBM_CCAE US Claims 2000/01–2021/07 159,440,276 51.1 31 (17–46) 983,089 23,483,191 N

IBM_MDCD US Claims 2006/01–2020/12 32,806,887 56.2 24 (5–38) 196,997 11,810,505 N

IBM_MDCR US Claims 2000/01–2021/07 10,356,249 55.3 72 (65–77) 41,542 1,467,963 N

IMASIS ES EHR 1990/02–2021/07 976,524 47.4 38 (23–54) 9330 198,012 Y

IPCI NL GP 2006/01–2021/06 2,529,355 51.2 37 (18–55) 91,759 1,329,674 Y

IQVIA_FRANCE_DA FR GP 2016/07–2021/06 3,767,012 52.3 38 (18–56) 2859 1,394,912 N

IQVIA_GERMANY_DA DE GP 2011/04–2021/03 30,780,239 55.7 44 (25–62) 45,508 9,040,531 N

IQVIA_OPENCLAIMS US Claims 2000/01–2021/10 306,000,000 52.6 34 (14–52) 17,848,443 306,000,000 N

IQVIA_PHARMETRICS US Claims 2013/01–2021/09 166,422,594 50.6 38 (19–50) 1,593,578 46,947,246 N

IU TR EHR 2018/01–2021/10 899,515 53.0 35 (18–52) 6194 619 Y

JMDC JP Claims 2005/01–2021/03 12,541,088 48.6 32 (19–46) 17,564 6,680,196 N

MHD BE EHR 2015/07–2021/12 117,131 50.9 52 (29–70) 203 23,754 N

OPTUM_EHR US EHR 2007/01–2021/03 99,454,715 53.3 37 (19–56) 693,334 41,281,147 Y

OPTUM_SES US Claims 2000/05–2021/06 90,285,937 50.5 36 (19–52) 899,986 17,212,611 Y

SIDIAP ES GP 2003/01–2021/06 8,022,374 50.1 35 (17–51) 495,237 5,934,449 Y

STARR US EHR 2008/01–2022/04 3,475,673 53.6 36 (18–54) 31,928 1,118,549 Y

U_OF_TARTUb EE Claims 2021/01–2021/02 386,557 53.2 39 (21–57) 84,957 376,842 N

UCCS RS EHR 2018/10–2021/03 823,962 54.1 51 (35–67) 16,764 49,643 Y

UCHDWa US EHR 2012/01–2022/05 316,119 53.8 37 (12–54) 61,037 240,831 Y

UK_BIOBANK UK EHR + Registry 1970/02–2020/07 502,504 54.4 58 (40–69) 1717 458,889 Y

Total – – – 945,520,607 – – 23,840,986 492,730,503 –

APHM = Health Data Warehouse of Assistance Publique - Hopitaux de Marseille, BE = Belgium, CPRD_AURUM = Clinical Practice Research Datalink AURUM, CU_AMC = University of Colorado Anschutz
Medical Campus- Health Data Compass, CUIMC = Columbia University Irving Medical Center, DE = Germany, EE = Estonia, EHR = Electronic Health Record, ES = Spain, F = Female, FIIBAP = Fundación para la
Investigación e Innovación Biosanitaria en Atención Primaria COVID19, FR = France, GP = General Practitioner, HIC = Health Informatics Centre, IBM_CCAE = IBM® MarketScan® Commercial Claims and
Encounters Database, IBM_MDCD = IBM® MarketScan® Multi-State Medicaid Database, IBM_MDCR = IBM® MarketScan® Medicare Supplemental and Coordination of Benefits Database, IMASIS = Parc de
Salut Mar Barcelona Information System, IPCI = Integrated Primary Care Information, IQR = Interquartile Range, IQVIA_FRANCE_DA = IQVIA Disease Analyzer France, IQVIA_GERMAN_DA = IQVIA Disease
Analyzer Germany, IQVIA_OPENCLAIMS = IQVIA LRxDX Open Claims, IQVIA_PHARMETRICS = IQVIA Pharmetrics, IU = Istanbul Faculty of Medicine, Istanbul University, JP = Japan, MHD = Medaman Hospital
Data, N = No, NL = The Netherlands, OPTUM_EHR = Optum® de-identified Electronic Health Record Dataset, OPTUM_SES = Optum De-Identified Clinformatics® Data Mart Database - Socio-Economic
Status, RS = Serbia, SC = Scotland, SIDIAP = The Information System for Research on Primary Care, STARR = STAnford medicine Research data Repository-OMOP, TR = Turkey, U_OF_TARTU = University of
Tartu (U_OF_TARTU), UCCS = University Clinical Center of Serbia, UCHDW = University of California Health Data Warehouse, UK = United Kingdom, UK_BIOBANK = UK Biobank, US = United States, Y = Yes.
aCOVID-19 only subset. bCOVID-19 + Controls.

Table 1: Database characteristics.
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Research Protection Program (HRPP). The following da-
tabases had institutional review board or ethics committee
approval: CU_AMC (IRB COMIRB #21-2869), CUIMC
(IRB protocol AAAO7805), FIIBAP (through Hospital
Universitario 12 de Octubre, project code: 22/295), HIC
(through Caldicott Guardian(s), reference number
IGTCAL9397), IMASIS (CEIC Parc de SalutMar, ref. Code
2021/9975), IU (ref. No 2021/2190),MHD (approved 7FEB
2022), SIDIAP (project code: 21/052-PCV), U_OF_TARTU
(protocol 330/T-10), and UCCS (Decision 410-9).

The New England Institutional Review Board (IRB) has
determined that studies conducted in IBM_CCAE,
IBM_MDCD, IBM_MDCR, OPTUM_SES, and OPTU-
M_EHR are exempt from study-specific IRB review, as
these studies do not qualify as human subjects research.
Research activity associated with access to the UC-wide
UCHDW COVID Research Data Set (CORDS) Limited
Data Set does not involve human subjects as defined by
the federal regulations summarized in 45 CFR 46.102(e),
and hence does not require IRB review. Based on Ethical
Guidelines for Epidemiological Research issued by the
Japanese Ministry of Health, Labor and Welfare, ethics
approval and informed consent were not applicable
for use of JMDC. For use of IQVIA_FRANCE_DA,
IQVIA_GERMAN_DA, IQVIA_OPENCLAIMS, and
IQVIA_PAHRMETRICS, no patient permission was
necessary because all patient data are deidentified for
research purposes.
www.thelancet.com Vol 58 April, 2023
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Study participants
We determined the incidence of AESI within two target
populations: a ‘Pre-Pandemic Background Population’
from 2017 to 2019 and ‘Patients with COVID-19’ from
2020 to 2022. This work focuses on the ‘Patients with
COVID-19’ using the ‘Pre-Pandemic Background Pop-
ulation’ to understand the occurrence of those condi-
tions in the absence of either COVID-19 or the vaccines.

We defined the ‘Pre-Pandemic Background Popula-
tion’ cohort as patients who were observed in a database
on the index dates 1 January 2017, 1 January 2018, or 1
January 2019 (i.e., the patient was active in the database
on one or any of those dates they would be included in
this cohort). The entry event was the date observed and
patients were only included if they had at least 365 days
of observable time prior to the index date. We used the
time prior to the pandemic, 2017 till 2019, as a way to
identify patients that we are confident have not been
exposed, had, or were experiencing COVID-19. Once the
COVID-19 pandemic started it would be hard to be
confident a patient did not or does not have the disease.

The ‘Patients with COVID-19’ cohort was defined as
persons with a positive laboratory test for SARS-CoV-2
(any SARS-CoV-2 laboratory testing method) or an
observed diagnosis code for COVID-19 (without a negative
test on or within 3 days after index). The index date, or
entry event, was set to the first of these and did not have to
occur on a specific month or day. Additional inclusion
rules included keeping patients that had at least 365 days
of observable time prior to the index date and having no
diagnosis of COVID-19 or SARS-CoV-2 prior to index. The
calendar time for this cohort included all time available
within each database after 1 December 2019, see Table 1
for specifics (e.g., CPRD_AURUM last date of capture is
March 2021). An additional ‘Patients with COVID-19’
variation cohort was created for sensitivity analysis; it was a
similar cohort except with the additional inclusion rule
that cohort entry had to be prior to the COVID-19 vaccines
becoming available (i.e., index before 1 January 2021); this
cohort was called ‘Patients with COVID-19 prior to 2021’.
Patients were not excluded from the COVID-19 cohorts if
they were also in the ‘Pre-Pandemic Background Popula-
tion’. The codes for this COVID-19 definition are listed in
the protocol appendix16 and have been used in prior
studies.17–20

All databases contributed to both study cohorts (‘Pre-
Pandemic Background Population’ and ‘Patients with
COVID-19’), except for FIIBAP and IU, which only
contributed to the ‘Patients with COVID-19’ cohort as
these databases only contained COVID-19 patients and
not a general population.

This study uses coded data that already exist in an
electronic database. Confidentiality of patient records
was always maintained. All study reports contain only
aggregate data and do not identify individual patients or
physicians. At no point during the study was identifying
information about the subjects used.
www.thelancet.com Vol 58 April, 2023
Adverse events of special interest (AESIs)
We studied 16 AESIs. This list includes the original 15
prespecified by regulatory authorities and the addition
of thrombosis with thrombocytopenia syndrome (TTS)
which was an adverse event discovered when COVID-19
vaccinations started. The 16 outcomes include: GBS,
facial nerve (Bell’s) palsy, anaphylaxis, encephalomy-
elitis, narcolepsy, appendicitis, non-haemorrhagic
stroke, haemorrhagic stroke, acute myocardial infarc-
tion (AMI), myocarditis and pericarditis, deep vein
thrombosis (DVT), pulmonary embolism, disseminated
intravascular coagulation (DIC), immune thrombocyto-
penia (ITP), transverse myelitis, and the cooccurrence of
thrombosis with thrombocytopenia (TWT) as a proxy to
TTS. All AESI definitions were used in previous pub-
lished studies5 and were based on the FDA’s Center for
Biologics Evaluation and Research protocol.21 The AESIs
were reviewed within each data partner to ensure the
outcome could be reliably captured and if not, that AESI
would be excluded for that particular data partner
(Appendix 2 provides further detail). The definitions are
fully specified in the protocol.16

Statistical analysis
We defined time at risk as 1–90 days after the study
participant index date. Patients contributed time-at-risk
from the index date until the earliest of 90 days after
the index, they leave the database, or the start date of the
AESI event. Death was not explicitly used as a censoring
criteria, as the capture of death varies within each
database, including some databases that do not capture
death at all. We do censor patients at the end of obser-
vation, whether that be death or other reason for loss-to-
follow-up.

We also excluded individuals for a specific outcome
if a prior event had occurred during the clean window
for that outcome. A clean window is the minimum time
between event occurrences to be considered a new
event. We used an outcome-specific clean window,
within which an outcome is not considered incident.
The clean window was 365 days for all outcomes except
30 days for anaphylaxis and 183 days for facial nerve
palsy and encephalomyelitis.21 The clean window was set
different for anaphylaxis, facial nerve palsy, and
encephalomyelitis to better define incident cases of
these AESI.

Incidence rates were calculated as the total number
of events divided by the person time at risk. The inci-
dence rates were stratified by age and sex subgroups for
each database. The age subgroups were (in years): 0–5,
6–17, 18–34, 35–54, 55–64, 65–74, 75–84, and ≥85. The
age-specific rates for the AESIs were pooled across the
databases using a random effects meta-analysis, with the
DerSimonian-Laird method to estimate between data-
base variation. The 95% prediction intervals were
calculated using the R package “meta”. Prediction in-
tervals reflect the expected uncertainty if an estimated
5
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rate from another study were included in the meta-
analysis.

Indirect standardisation22 was used to account for
differences between the age subgroups and sex dis-
tribution in the COVID-19 disease cohort and the
‘Pre-Pandemic Background Population’. Within each
database, the pre-pandemic cohort was used as the de-
mographic reference, such that an expected incidence
rate could be computed using COVID-19-specific inci-
dence rates weighted to reflect the ‘Pre-Pandemic
Background Population’ demographics. COVID-19
cohort observed and expected rates were compared us-
ing standardised incidence ratios (SIR) with corre-
sponding exact 95% confidence intervals.

Negative control outcomes were also used to evaluate
potential bias in incidence ratio estimates. Twenty
negative control outcomes were selected as diseases
with no a priori evidence of a causal relationship with
COVID-19, based on literature review and clinician
adjudication (Appendix 3). Incidence rate and SIRs for
these negative control outcomes were estimated in the
same manner as for the 16 AESIs.

Meta-analytic age- and sex-specific rates were classi-
fied using the WHO Council for International Organi-
zations of Medical Sciences thresholds: very common
(≥10%), common (>1%–<10%), uncommon (≥0.1%–

<1%), rare (≥0.01%–<0.1%), and very rare (<0.01%).23

All analyses were performed in R. The study protocol
and analysis code are available at https://github.com/
ohdsi-studies/Covid19SubjectsAesiIncidenceRate.

Role of funding source
There was no funding source for this study. All authors
approved the final version, had access to the data, and
accept responsibility to submit the final version for
publication.
Results
We included 23,840,986 ‘Patients with COVID-19’ from 26
databases representing a diverse set of care settings from
North America, Europe, and Asia (Table 1). The percent-
age of females found across the databases ranged from
47.4% to 56.1%; all databases had slightly more females
than males, except IMASIS and JMDC. The average age of
persons in each database ranged from 24 to 72 years,
reflecting the differing patient populations covered across
the databases (e.g., IBM_MDCD has a large child and
childbearing-aged female population, while IBM_MDCR
represents retired individuals). The ‘Pre-Pandemic Back-
ground Population’ represented more than 492,730,503
person records. Characterisation results produced by
CohortDiagnostics.24 can be found on an interactive web
app (https://data.ohdsi.org/Covid19SubjectsAesiIncidence
Rate/).

Fig. 1 plots the incidence rates for the ‘Patients with
COVID-19’ population, stratified by age group (x-axis),
sex (half the x-axis represents females and the other half
males), and database (color-coded by database type:
claims, EMR, and GP centric data), trellised by the 16
AESIs. Similar age trends across databases were
observed. Some AESIs had a clear increase in incidence
rate with age: AMI, non-haemorrhagic stroke, DVT, PE,
haemorrhagic stroke, Bell’s Palsy, TWT, ITP, DIC, and
GBS. In contrast, some AESIs had a clear decrease in
incidence rate with age: appendicitis and anaphylaxis.
Finally, some age trends were less clear: myocarditis and
pericarditis, narcolepsy, encephalomyelitis, and trans-
verse myelitis. Fig. 1 also shows substantial database
heterogeneity within individual AESIs. For example, for
DIC in the 90 days after COVID-19 diagnosis, males
aged 35–54 in JMDC experienced the event 2417 per
100,000 person-years as compared to CPRD which
experienced the event 5 per 100,000 person-years.
Additionally, the incidence rates for ‘Patients with
COVID-19’ were compared to the ‘Pre-Pandemic Back-
ground Population’ in Appendix 4. For most outcomes,
across all database/age group/sex combinations, the
incidence rates are higher for the ‘Patients with COVID-
19’ compared to the ‘Pre-Pandemic Background
Population’.

To help give an overview of these results, Fig. 2
shows the pooled estimated age- and sex-stratified inci-
dence rates per 100,000 person years (PY) for AESI
events in the 90-days after index for ‘Patients with
COVID-19’. Nevertheless, the incidence of several
AESIs differed greatly between age and sex strata. For
example, pulmonary embolism was uncommon for pa-
tients less than 35 then becoming common for older
individuals. The pattern was similar for AMI, non-
haemorrhagic stroke, and DVT (with the exception of
AMI and non-haemorrhagic stroke becoming common
at an older age of 55). The incidence rate of haemor-
rhagic stroke and TWT was primarily uncommon
becoming common later in life (75 years and 65 years
respectively). The other AESIs were primarily uncom-
mon with ages between 18 and 74, experiencing the
event rarely. For comparison, we additionally produced
this figure for the ‘Pre-Pandemic Background Popula-
tion’ which can be found Appendix 5.

Fig. 3 reports the meta-analytic estimates of SIRs
comparing the ‘Patients with COVID-19’ to the ‘Pre-
Pandemic Background Population’. Twelve of 16 AESIs
had ratios above 2 and 7 of 16 AESIs had ratios above 5.
Pulmonary embolism had the highest SIRs (11.7 [95%
confidence interval 10.1–13.7]), suggesting that the
observed incidence of pulmonary embolism in the 90
days after COVID-19 diagnosis was over 11 times higher
than expected in a 90-day period for the background
population in the pre-pandemic period. The database
specific results are reported in Appendix 6. The negative
control outcome estimates are provided in Appendix 7
and reveal consistent positive bias in estimated SIR
values. SIRs ranged from 0.9 to 5.0 with a majority of
www.thelancet.com Vol 58 April, 2023
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Fig. 1: For ‘patients with COVID-19’, age group and sex stratified incidence rates of the 16 adverse events of special interest for 24*
databases.* FIIBAP and IU did not contribute to the ‘Pre-Pandemic Background Population’ and thus and IR could not be calculated. APHM = Health
Data Warehouse of Assistance Publique - Hopitaux de Marseille, CPRD_AURUM = Clinical Practice Research Datalink AURUM, CU_AMC = University of
Colorado Anschutz Medical Campus- Health Data Compass, CUIMC = Columbia University Irving Medical Center, F = Female, FIIBAP = Fundación para la
Investigación e Innovación Biosanitaria en Atención Primaria COVID19, HIC = Health Informatics Centre, IBM_CCAE = IBM® MarketScan® Commercial
Claims and Encounters Database, IBM_MDCD = IBM® MarketScan® Multi-State Medicaid Database, IBM_MDCR = IBM® MarketScan® Medicare
Supplemental and Coordination of Benefits Database, IMASIS = Parc de Salut Mar Barcelona Information System, IPCI = Integrated Primary Care
Information, IQVIA_FRANCE_DA = IQVIA Disease Analyzer France, IQVIA_GERMAN_DA = IQVIA Disease Analyzer Germany,
IQVIA_OPENCLAIMS = IQVIA LRxDX Open Claims, IQVIA_PHARMETRICS = IQVIA Pharmetrics, IU = Istanbul Faculty of Medicine, Istanbul University,
M = Male, MHD = Medaman Hospital Data, OPTUM_EHR = Optum® de-identified Electronic Health Record Dataset, OPTUM_SES = Optum De-
Identified Clinformatics® Data Mart Database–Socio-Economic Status, SIDIAP = The Information System for Research on Primary Care,
STARR = STAnford medicine Research data Repository-OMOP, U_OF_TARTU = University of Tartu (U_OF_TARTU), UCCS = University Clinical Center of
Serbia, UCHDW = University of California Health Data Warehouse, UK_BIOBANK = UK Biobank.
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generated SIRs above 1.7. The meta-analysis was
repeated for ‘Patients with COVID-19 prior to 2021’ to
see if inclusion of COVID-19 vaccinated patients may
have impacted the results however the results found
were similar (Appendix 8).
Discussion
To our knowledge this is the largest study to date on the
descriptive epidemiology of AESIs among the COVID-
19 population. In this study we estimated age- and
gender-specific incidence rates of 16 AESIs among
COVID-19 patients using 26 observational data health
sources from around the world. To contextualise our
findings, we reported on the age- and gender-SIR,
comparing the IR among COVID-19 cohort to the
‘Pre-Pandemic Background Population’ of the data-
bases. Our findings suggest a consistent trend of an
increased risk for multiple AESIs among the COVID-19
www.thelancet.com Vol 58 April, 2023
cohort when compared to the database ‘Pre-Pandemic
Background Population’, though the magnitude of the
risk should be interpreted with caution.

We found considerable heterogeneity in the IR
among the COVID-19 cohort reflected by the wide pre-
diction intervals of the pooled age- and sex-specific IR,
suggesting that caution is needed when these estimates
are used. We also observed considerable variability with
age and some with sex groupings, emphasising the need
for age- and sex-stratification when assessing risks and
benefits of COVID-19 vaccines.

The observed magnitude of heterogeneity across
sources within age and sex subgroups suggests that re-
sidual differences are present. The remaining hetero-
geneity may be related to differences in healthcare
systems, settings, data capture processes, or true dif-
ferences in subpopulations. A limitation of this work is
we have not furthered stratified by comorbidities related
to either COVID-19 or outcome (such as type 2 diabetes
7
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Outcome by Sex 0-5 Years 6-17 Years 18-34 Years 35-54 Years 55-64 Years 65-74 Years 75-84 Years >=85 Years
Acute Myocardial Infarc�on
Female 527 (2 to 116345) 151 (5 to 4281) 84 (28 to 253) 335 (123 to 910) 940 (374 to 2365) 2047 (1044 to 4014) 3940 (1969 to 7882) 4960 (2090 to 11772)
Male 469 (2 to 121380) 139 (4 to 5421) 167 (44 to 639) 827 (333 to 2053) 1991 (954 to 4153) 3526 (1945 to 6391) 5721 (2717 to 12046) 8198 (2782 to 24155)
Non-haemorrhagic Stroke
Female 552 (3 to 95794) 153 (6 to 3663) 96 (21 to 441) 356 (105 to 1209) 839 (223 to 3156) 1790 (829 to 3866) 3723 (1677 to 8265) 4928 (1974 to 12303)
Male 547 (4 to 79312) 162 (8 to 3148) 121 (16 to 924) 575 (155 to 2135) 1422 (476 to 4249) 2965 (1532 to 5739) 5009 (2421 to 10361) 6524 (2225 to 19132)
Deep Vein Thrombosis (DVT)
Female 478 (5 to 44031) 245 (25 to 2399) 287 (97 to 847) 817 (337 to 1979) 1638 (743 to 3610) 2839 (1549 to 5203) 3908 (1968 to 7763) 3781 (1467 to 9750)
Male 425 (8 to 23054) 217 (24 to 1935) 346 (81 to 1468) 1364 (490 to 3794) 2993 (1479 to 6057) 3994 (2213 to 7211) 4538 (2113 to 9750) 4504 (1789 to 11342)
Pulmonary Embolism
Female 504 (5 to 53649) 168 (17 to 1697) 409 (124 to 1346) 1119 (493 to 2539) 2025 (1021 to 4014) 3650 (2533 to 5259) 4782 (3044 to 7515) 4718 (2353 to 9460)
Male 444 (3 to 67053) 170 (13 to 2194) 521 (109 to 2491) 1686 (652 to 4358) 3438 (2014 to 5868) 5230 (3953 to 6920) 6504 (4119 to 10269) 6480 (3914 to 10726)
Haemorrhagic Stroke
Female 574 (3 to 101501) 145 (5 to 4607) 60 (14 to 248) 155 (41 to 590) 328 (123 to 874) 592 (295 to 1186) 935 (401 to 2178) 1175 (556 to 2482)
Male 568 (4 to 72465) 150 (7 to 3149) 109 (25 to 484) 263 (75 to 925) 550 (193 to 1567) 781 (371 to 1644) 1452 (738 to 2855) 1948 (487 to 7798)
Bell’s Palsy
Female 539 (8 to 34829) 189 (17 to 2091) 91 (59 to 143) 153 (77 to 304) 212 (98 to 457) 300 (71 to 1261) 383 (82 to 1787) 403 (65 to 2519)
Male 464 (5 to 46723) 166 (18 to 1513) 91 (35 to 236) 182 (86 to 384) 240 (87 to 666) 310 (98 to 978) 378 (73 to 1958) 648 (68 to 6176)
Appendici�s
Female 580 (27 to 12353) 355 (175 to 719) 260 (145 to 467) 181 (100 to 326) 159 (71 to 356) 200 (57 to 700) 269 (49 to 1487) 334 (30 to 3778)
Male 561 (29 to 10808) 432 (195 to 961) 345 (153 to 780) 210 (123 to 359) 159 (86 to 292) 201 (69 to 588) 292 (47 to 1834) 450 (31 to 6580)
Myocardi�s Pericardi�s
Female 650 (19 to 22601) 268 (74 to 965) 329 (76 to 1418) 290 (122 to 688) 344 (131 to 904) 383 (142 to 1037) 404 (132 to 1242) 425 (88 to 2052)
Male 529 (24 to 11794) 362 (106 to 1237) 469 (164 to 1340) 330 (147 to 742) 374 (167 to 840) 498 (208 to 1191) 709 (207 to 2423) 798 (131 to 4842)
Thrombosis with Thrombocytopenia (TWT)
Female 457 (3 to 62013) 146 (1 to 17082) 57 (6 to 546) 116 (17 to 794) 312 (47 to 2069) 582 (84 to 4015) 964 (74 to 12496) 1476 (94 to 23167)
Male 430 (2 to 74298) 137 (1 to 21627) 89 (10 to 803) 280 (35 to 2221) 600 (80 to 4488) 1143 (135 to 9644) 1741 (146 to 20754) 2096 (173 to 25442)
Immune Thrombocytopenia (ITP)
Female 506 (5 to 55485) 161 (4 to 6440) 67 (24 to 188) 110 (36 to 340) 189 (62 to 580) 286 (87 to 947) 452 (99 to 2058) 409 (71 to 2366)
Male 480 (4 to 59121) 150 (3 to 6553) 52 (17 to 160) 127 (45 to 361) 204 (90 to 464) 361 (122 to 1065) 517 (125 to 2145) 754 (136 to 4193)
Anaphylaxis
Female 546 (34 to 8722) 224 (38 to 1298) 120 (57 to 252) 135 (46 to 393) 134 (39 to 457) 165 (31 to 886) 209 (15 to 2851) 299 (10 to 9177)
Male 670 (105 to 4273) 222 (40 to 1228) 90 (29 to 281) 100 (21 to 487) 101 (17 to 588) 144 (18 to 1139) 272 (7 to 10999) 430 (6 to 31495)
Narcolepsy
Female 508 (4 to 66259) 182 (2 to 18808) 69 (29 to 163) 73 (27 to 194) 98 (15 to 621) 186 (18 to 1892) 213 (14 to 3336) 337 (7 to 16043)
Male 459 (3 to 81397) 169 (1 to 20837) 59 (16 to 220) 73 (17 to 308) 103 (15 to 710) 167 (12 to 2232) 302 (11 to 8349) 495 (10 to 25617)
Disseminated Intravascular Coagula�on
Female 509 (4 to 65261) 148 (4 to 5549) 48 (10 to 229) 91 (9 to 920) 163 (32 to 820) 302 (41 to 2226) 326 (71 to 1500) 397 (33 to 4751)
Male 452 (4 to 55867) 127 (3 to 5681) 67 (7 to 679) 164 (11 to 2349) 294 (33 to 2653) 487 (68 to 3504) 613 (82 to 4595) 536 (93 to 3076)
Encephalomyeli�s
Female 575 (4 to 93365) 145 (3 to 6015) 49 (7 to 348) 76 (12 to 503) 91 (24 to 347) 148 (31 to 713) 257 (40 to 1673) 344 (24 to 4934)
Male 495 (3 to 84065) 146 (8 to 2571) 56 (13 to 253) 85 (18 to 408) 134 (34 to 520) 180 (56 to 583) 379 (55 to 2614) 563 (43 to 7329)
Guillain Barre Syndrome
Female 508 (2 to 133569) 131 (1 to 20989) 34 (9 to 130) 52 (9 to 292) 88 (19 to 403) 150 (22 to 1018) 181 (13 to 2611) 295 (7 to 12936)
Male 441 (2 to 96492) 126 (1 to 25674) 51 (3 to 826) 73 (11 to 473) 106 (38 to 301) 162 (44 to 591) 295 (39 to 2229) 478 (14 to 16304)
Transverse Myeli�s
Female 456 (2 to 87635) 117 (1 to 21552) 30 (4 to 206) 35 (6 to 190) 47 (10 to 231) 96 (7 to 1379) 121 (3 to 4442) 168 (2 to 12892)
Male 406 (2 to 66668) 112 (1 to 22746) 40 (1 to 1354) 41 (4 to 414) 52 (7 to 388) 89 (5 to 1743) 172 (3 to 11116) 283 (6 to 12779)

Council of Interna�onal Organiza�ons of Medical Sciences frequency classifica�on
Very rare (<1/10000) Rare (>=10000 to <1/1000) Uncommon (>= 1/1000 to <1/100) Common (>= 1/100 to <1/10) Very Common (>=1 /10)

Fig. 2: Pooled estimated age and sex stratified incidence rates per 100,000 person years (with 95% prediction intervals), calculated from
meta-analyses for ‘Patients with COVID-19’.

Fig. 3: Standardised incidence ratios forest plot with meta analysis comparing the ‘patients with COVID-19’ to the ‘pre-pandemic
background population’. CI = confidence interval.
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or obesity) or socio-economic status. These differences
may also be due to systematic error, selection bias, or
differential outcome measurement error between data-
bases.25 In a similar analysis across 13 databases, Li
et al.5 reported that AESI background rates varied by
database and regions. Consistent to our findings, the
authors also found considerable differences in the
incidence rates by age and sex, suggesting caution is
needed when incidence rates are compared across
populations.5

Among COVID-19 patients, the majority of COVID-
19 AESIs were found to be “uncommon” with few “rare”
among all age and gender groups investigated. Throm-
botic events such as AMI, strokes, DVT, and pulmonary
embolism were more frequent compared to other AESIs
and were “common” in older COVID-19 patients. These
findings are consistent with prior studies suggesting
that cardiovascular and thrombotic complications in
particular are relatively common post COVID-19,26,27

especially among older patients. In most databases,
the risk of these thrombotic events was higher among
COVID-19 patients when compared to the ‘Pre-
Pandemic Background population’ of the databases with
a pooled SIR above 3. In particular, the SIR for pul-
monary embolism had an elevated trend away from the
null in all databases but one. It is well established that
COVID-19 is associated with a hypercoagulable state,
and older patients with additional risk factors have a
worse outcome. Consistent with our results, clinical
evidence suggests that COVID-19 is particularly related
to pulmonary embolism28 especially among those with
pneumonia. However, until now, the precise incidence
of thrombosis in patients with COVID-19 has not been
determined, mainly because multiple studies have re-
ported conflicting estimates.29

The Centers for Disease Control and Prevention
(CDC) lists myocarditis and pericarditis, thrombosis
with thrombocytopenia syndrome (TTS), presented in
this work as TWT, and GBS as three serious types of
adverse events following COVID-19 vaccination, with
evidence that suggests, although rare, a link to certain
types of COVID-19 vaccinations.30 These three adverse
events are also listed on the label of at least one COVID-
19 vaccine authorised for use in the US and Europe. Our
findings suggest that, while still rare among COVID-19
patients, the risk of these three events may be higher in
the COVID-19 patients when compared to the ‘Pre-
Pandemic Background Population’. Since the estimated
incidence ratios are unadjusted and are not presented
for causal inference, future investigation may be war-
ranted to fully contextualise the risk benefit balance of
the COVID-19 vaccines as it relates to myocarditis and
pericarditis, TWT, and GBS.

Multiple studies have concluded that COVID-19
disease may lead to neurological complications leading
to GBS, and some studies also highlighted differences
in the presentation of the disease, with greater severity
www.thelancet.com Vol 58 April, 2023
of symptoms in GBS associated with COVID-19.31–33

Previous studies have also found that myocarditis and
pericarditis may be part of the wide spectrum of car-
diovascular sequelae of COVID-19 disease.32,34,35 A CDC
network retrospective cohort study34 using data elec-
tronic medical records across multiple databases in the
US, reported that among 814,524 COVID-19 patients
the incidence of myocarditis or pericarditis varied by age
and gender and ranged between 17.6 and 114.0 per
100,000 for males and between 10.8 and 61.7 per
100,000 for females in a 21 day risk window. The same
study reported that the incidences of myocarditis or
pericarditis after SARS-CoV-2 infection were higher
than after the mRNA COVID-19 vaccination for both
males and females in all age groups. To our knowledge,
our study is the first to report on TWT incidence among
‘Patients with COVID-19’. However, prior work has
highlighted the potential misclassification error related
to identifying TTS (also known as vaccine-induced
thrombotic thrombocytopenia [VITT]) in observational
data.36 The incidence rates of TWT reported in this study
were higher among men of older ages which is incon-
sistent with known trends of TTS/VITT. Thus, these
rates should be interpreted with caution.

Our findings suggest that COVID-19 disease itself
must be considered when assessing the relationship
between COVID-19 vaccines and the AESI. To be spe-
cific, our findings suggest that COVID-19 disease may
be associated with at least some of the AESIs and may
consequently exert a confounding or intermediating
effect in the observed association between the vaccines
and the AESI. When conducting observational studies
investigating the association between the vaccines and
the AESI, it is important to control for COVID-19.

A particular strength of this study is that it includes a
large number of databases from around the world,
covering a sizable study population with diversity in
geographical location, underlying populations,
pandemic status, health systems, and data types. Our
analysis enabled a comprehensive and standardised
assessment of incidence rates of AESIs among ‘Patients
with COVID-19’ across multiple settings. This was
possible due to the use of the OMOP CDM, which
enabled use of the same study design and analytical
code in all databases and to gather results from
participating data partners rapidly and without trans-
ferring patient level data. All outcome definitions, clin-
ical codes, and phenotype algorithms have been made
open source and are available online for review and to
maximise reproducibility and reuse.

A limitation of this analysis was we did not differ-
entiate for the multiple variants of COVID-19, and we
did not consider recurrent COVID-19. This means we
cannot categorise or compare the differences in AESIs
associated with the different variants or in patients who
had COVID-19 multiple times. The incidence of the
AESIs may change depending on the variant or number
9
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of infections, so this work cannot describe the incidence
of an AESI for a given variant, be representative of
future variants, or describe what happens for patients
who had multiple infections of COVID-19.

An additional limitation of the analysis of the SIRs is
that they do not fully account for confounding and were
shown to exhibit bias with negative controls and there-
fore should not be interpreted as causal effect estimates.
Also, the use of a historical population as a comparator
is known to be associated with an elevated type 1 error,
which may bias the results away from the null37 (e.g.,
individuals with ‘Patients with COVID-19’ disease my
tend to receive more clinical attention or examination
than individuals in the ‘Pre-Pandemic Background
Population’). Results from negative control outcomes in
this work show a consistent positive bias (away from the
null). These findings indicate that most associations
observed in our study are potentially larger than the
magnitude of the bias observed using negative controls.
Another limitation of this study is that all outcomes and
the COVID-19 definition itself are subject to measure-
ment error. While most of the outcome definitions have
been used in prior studies and were reviewed by clini-
cians and data experts, they were mainly based on the
presence of specific diagnostic codes and were not
validated further. There was significant heterogeneity in
COVID-19 test and disease ascertainment across data-
bases. COVID-19 severity is an important factor that was
outside the scope of this analysis but may have affected
the risk of AESIs and probably varied by database. When
defining the ‘Pre-Pandemic Background Population’, we
used data from 2017 to 2019 of all people in each
database with more than 365 days of observation
indexed on 1 January. The impact of these design de-
cisions, in particular the index date (anchoring effect)
has been shown to influence rate estimates, however the
effect of season has been shown to be moderate.25

Finally, there are some limitations related to
participating databases. Information on hospital ad-
missions was not available in all primary care databases
used (Table 1) resulting in inpatient events not being
captured. EHR databases are subject to incomplete
capture of medical events that may occur but are
recorded outside the participating health system. The
bias of incomplete information was partially mitigated
by including only those patients who had at least one
year of continuous observation but defining continuous
observation can be challenging across disparate data-
bases. Administrative claims databases offered a
potentially complete data capture but lacked some
important data elements such as laboratory test results.
We mitigated some of these limitations by providing
within database incidence rate comparison. Addition-
ally, the repeated influxes of vast numbers of critically ill
COVID-19 cases suddenly overwhelmed hospitals and
we cannot exclude changes in the organisation and thus
the quality of coding in code-based administrative
database. Finally, all our databases represented subsets
of the population in which they originate, which poses a
risk of selection bias.

Our study assessed the descriptive epidemiology of
the occurrence of AESIs in the 90-days after COVID-
19 disease. These results found large variations in
the rates of AESIs in ‘Patients with COVID-19’ across
age groups and sex, showing the need for stratifica-
tion. Considerable database heterogeneity was found
across the AESIs, suggesting individual study esti-
mates should be interpreted with caution. Comparing
the ‘Patients with COVID-19’ to the ‘Pre-Pandemic
Background Population’ showed a fairly consistent
elevated rate in experiencing an AESI within 90-days
after index. This elevated risk we see both consistently
across the database stratified results as well as the
meta-analysis. The results of this work are of public
health importance as they help put into perspective
the risk of the AESIs post vaccination versus post
SARS-CoV-2 infection.
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