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ABSTRACT
Objective  To evaluate background incidence rates of 59 
health outcomes of interest (HOI) in a diverse population, 
including important subpopulations, during the pre-
COVID-19 era (1 January 2017–31 December 2019) and 
the COVID-19 era (1 March 2020–31 December 2020), 
before the introduction of COVID-19 vaccines.
Design  Observational retrospective cohort study. Annual 
incidence rates and 95% confidence intervals (CIs) of HOIs 
were estimated for each population of interest, stratified 
by: age, sex, age and sex and seasonality.
Data source  Optum’s de-identified Clinformatics Data 
Mart Database (CDM).
Participants  Individuals from the US general population 
and four subgroups of interest: influenza-vaccinated, 
paediatric (<18 years of age), elderly (≥65 years of age) 
and pregnant women.
Results  During the COVID-19 era, the incidence of 
several cardiac conditions, coagulation disorders and 
acute liver injury increased across all populations 
assessed while the rates of some dermatological and 
neurological HOIs decreased relative to the pre-COVID-19 
era. The incidence of acute respiratory distress syndrome 
(ARDS) varied considerably by subgroup: among the 
elderly, it decreased annually during the pre-COVID-19 
era but peaked during the COVID-19 era; among 
pregnant women, it slightly increased annually during 
the pre-COVID-19 era and substantially increased during 
the COVID-19 era; among paediatrics, it decreased 
annually over the entire study. The incidence of the 
majority of HOIs increased with age, but were generally 
comparable between sexes with few exceptions. Cardiac, 
gastrointestinal, neurological and haematological HOIs, 
along with acute kidney injury and ARDS, were more 
common in males, whereas several immunological HOIs 
and chilblain-like lesions were more common in females. 
Pregnancy-related HOIs did not increase during the 
COVID-19 era, except for spontaneous abortions which 
increased annually over the entire study.
Conclusion  These observations help contextualise 
fluctuations in background rates of adverse events 
noted during the COVID-19 era, and provide insight on 
how their use may impact safety surveillance for other 
vaccines.

INTRODUCTION
As of 21 April 2024, over 775 million cases of 
coronavirus disease 2019 (COVID-19) have 
been confirmed worldwide, with over 6.9 million 
deaths reported; of these, more than 100 million 
confirmed cases and over 1.1 million deaths have 
been reported in the US alone.1 The emerging 
threat of COVID-19 led to the rapid develop-
ment and authorisation of novel COVID-19 
vaccines. However, clinical trials evaluating 
COVID-19 vaccine safety have been performed 
in highly selective populations that exclude 
more vulnerable populations, such as pregnant 
women, children and older adults, with rela-
tively short follow-up periods (≤12 weeks),2 and 
generally lacked power to detect rare adverse 
events (AEs).3

Owing to the restrictive nature of clinical trials 
(ie, restrictive inclusion criteria, limited sample 
size and follow-up period which may limit gener-
alisability), postmarketing surveillance of AEs is 

STRENGTH AND LIMITATIONS OF THIS STUDY
	⇒ This study used real-world data for about 16 million 
eligible patients/year (from 2017 to 2020) across the 
USA to examine a wide range of health outcomes of 
interest (HOIs) that could be relevant for monitoring 
the safety of COVID-19 vaccines and other vaccines.

	⇒ The study provides robust estimates of annual 
background incidence rates for HOIs for the gen-
eral population and subgroups of interest including 
influenza-vaccinated, paediatrics (aged <18 years), 
elderly (aged ≥65 years) and pregnant women.

	⇒ The richness of available information allowed for 
additional analyses by stratification for a number of 
factors including age, sex, age and sex (dual stratifi-
cation) and seasonality.

	⇒ The patient population was limited to those with 
health insurance coverage, and related elderly pa-
tients receiving Medicare.

	⇒ Incidence rates may be overestimated or underesti-
mated due to the potential for misclassification.
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not only vital to fully understand the safety profile of COVID-19 
vaccines, but also essential from a public-health perspective. 
In particular, the generation of robust background data for 
potential health outcomes of interest (HOI) is crucial for 
vaccine safety monitoring.4 The background rate of an AE 
is the incidence rate of the event that would be observed in 
a given population in the absence of a given vaccine or any 
other intervention.1 2 Background rates are important for 
contextualising rates from vaccine safety surveillance data by 
comparing the expected cases from the general population 
with the observed cases from the vaccinated population.5–7 
They can also inform the public on the number of specific 
events that will occur coincidentally among those receiving 
the vaccine.

Background rates can be obtained from multiple 
sources, such as published literature and healthcare data-
bases.1 2 Different methods for signal evaluation, such as 
observed versus expected (O/E) analysis allow the iden-
tification of potential safety signals.5–7 Several initiatives 
have been formed to monitor the real-world safety of 
COVID-19 vaccines, with most focusing on background 
rates of HOIs. The vaccine COVID-19 monitoring readi-
ness (ACCESS) project, funded by the European Medicine 
Agency (EMA), generated estimates of background rates 
for 41 HOIs to assess the impact of COVID-19 vaccines.8 
Similarly, studies from the Observational Health Data 
Sciences and Informatics (OHDSI) community project (a 
multistakeholder collaboration) assessed historical back-
ground rates in the general population of 15/16 HOIs 
potentially associated with COVID-19 vaccines across 84 
and 11 countries,9 respectively, with the former study also 
comparing these rates to those following COVID-19 infec-
tion. Additionally, the Food and Drug Administration 
(FDA) Biologics Effectiveness and Safety (BEST) initia-
tive compared HOIs post-COVID-19 vaccination with 
historical incidence rates of HOIs pre-COVID-19.3

Despite these initiatives, data on the background rates 
of HOIs in time periods with and without COVID-19 
circulation are limited. These data are essential to 
capture shifting societal and healthcare system practices 
during a time in which COVID-19 infections were preva-
lent, and when vaccines to manage these infections were 
not yet available. Furthermore, as the majority of studies 
only focused on a limited number of HOIs in the general 
population, data on a broader range of HOIs are lacking.

This study aimed to evaluate the background incidence 
rates for 59 HOIs in the US general population and four 
subgroups of interest (influenza vaccinated, paediatric 
(<18 years of age), elderly (≥65 years of age) and pregnant 
women) during the pre-COVID-19 era and the COVID-19 
era, prior to the introduction of COVID-19 vaccines.

METHODS
Data sources
Deidentified administrative health claims data for 
members of large commercial and Medicare Advantage 
health plans were obtained from the Optum’s deidentified 

Clinformatics Data Mart Database (CDM).10 The data-
base contains claims submitted by providers and pharma-
cies and includes data on healthcare costs and utilisation, 
including outpatient visits, inpatient stays and outpatient 
prescription records, for a geographically diverse popu-
lation across all 50 states. This includes claims for about 
67 million deidentified patients,11 and provides a compre-
hensive, single-payer view of data on patient demo-
graphics, diagnoses using International Classification 
of Diseases 10th Revision, Clinical Modification (ICD-
10-CM) codes, and procedures using Current Procedural 
Terminology (CPT)-4 revenue codes and Healthcare 
Common Procedure Coding System (HCPCS).12

Study period
This study included patients from 1 January 2017 through 
to 31 December 2020. The study period was divided 
into the two time periods: pre-COVID-19 era (1 January 
2017–31 December 2019) and the COVID-19 era (1 
March 2020–31 December 2020). The pre-COVID-19 
era included calendar year-specific patient cohorts; each 
encompassing patient data obtained from 1 January to 
31 December of the specified year. Stratified results for 
all study years are presented in the online supplemental 
material.

Study populations
The general study population consisted of eligible patients 
(commercially insured and Medicare Advantage) who 
received a healthcare claim for any service (inpatient, 
outpatient, emergency room visit, durable medical equip-
ment, skilled nursing facility, medication or laboratory 
work) during each calendar year of interest. For the influ-
enza vaccine subgroup, patients were included if they 
had voluntarily received an influenza vaccine between 1 
September of the prior year and 28 February of the year 
of interest (reflecting the influenza vaccination period 
in the US). The pregnancy subgroup consisted of female 
patients aged 12–55 years with documented evidence of 
pregnancy within the calendar year of interest. The paedi-
atric population consisted of patients who were aged <18 
years on the date of any healthcare claim (index date) in 
a given calendar year; however, patients aged 17 years on 
index were not censored once they turned 18 years. The 
elderly population consisted of patients aged ≥65 years on 
the date of any healthcare claim (index date) in a given 
calendar year.

Health outcomes of interest
A full list of HOIs assessed in this study are shown 
in online supplemental table S1. A total of 59 HOIs, 
including cardiac, dermatological, endocrine, gastroin-
testinal, haematological, immunological, neurological, 
renal and respiratory outcomes, along with pregnancy-
specific HOIs evaluated in the pregnancy subgroup, were 
assessed. Notably, these HOIs were not selected based 
on adverse events (AEs) observed in preauthorisation 
or prelicensure studies of COVID-19 vaccines; rather 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
11 Ju

ly 2024. 
10.1136/b

m
jo

p
en

-2024-083947 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1136/bmjopen-2024-083947
http://bmjopen.bmj.com/


3Banga S, et al. BMJ Open 2024;14:e083947. doi:10.1136/bmjopen-2024-083947

Open access

many were suggested by the Safety Platform for Emer-
gency vACcines (SPEAC) and subsequently adopted by 
the EMA, while other HOIs were included for additional 
preparedness. HOI algorithms were drawn from the 
FDA Sentinel Initiative and the FDA Best initiatives,3 the 
OHDSI Atlas,4 Health Outcomes of Interest for Evaluation 
in the Post-Licensure Rapid Immunization Safety Moni-
toring Program,13 the ACCESS project (VAC4EU)8 and 
additional studies that used algorithms of interest.14–23 
Validated ICD-10 algorithms were used if available, and 
validated or unvalidated ICD-9 algorithms were mapped 
to ICD-10 codes. A full list of the ICD-10 codes used in 
this study is also shown in online supplemental table S1.

The date of cohort entry into each specific calendar 
year was the index date. Specific washout periods were 
applied to each health outcome to ensure separate inci-
dent cases were captured. Continuous enrolment was 
required during respective washout periods; for example, 
for a 365-day washout period, patients were required to be 
enrolled during all 365 days. Previously used algorithms 
specific to COVID-19 research (see previous paragraph) 
were applied for definitions of HOIs, where possible, to 
reduce misclassification of events. Follow-up began on 
study entry and patients were censored, depending on 
which of the following occurred first: occurrence of the 
HOI being evaluated, end of the calendar year, end of 
the study period, no enrolment recorded for greater 
than 31 days (inactivity), death or end of pregnancy 
(pregnancy subgroup only, see below). For pregnancy-
related HOIs, women pregnant on 1 January of a given 
calendar year had an index date of 1 January, and preg-
nancies that began after 1 January of a given year, were 
indexed on the first recorded evidence of pregnancy. For 
non-pregnancy-related HOIs, the index date was at the 
first recorded evidence of pregnancy or end of the HOI-
specific washout period during pregnancy (in the case of 
ongoing pregnancy on 1 January of any given calendar 
year), whichever came later. Women could re-enter this 
subgroup multiple times during each calendar year if they 
had multiple pregnancies, as long as they met the HOI-
specific washout periods and pregnancy requirements 
per calendar year. In addition, women in this subgroup 
were censored on the end of the pregnancy for the assess-
ment of non-pregnancy HOIs.

Statistical analysis
Incidence rates per hundred thousand person-years were 
calculated as the number of events divided by the total 
number of person-years and multiplied by one-hundred 
thousand. If 10 or more events were observed, the CIs 
were calculated using the normal distribution approx-
imation; otherwise, CIs were computed using Poisson 
distribution. Among the general population and the four 
subgroups of interest, incidence rates and 95% CIs were 
calculated overall and by age group (0–5, 6–11, 12–15, 
16–17, 18–24, 25–39, 40–49, 50–64, 65–74 and ≥75 years), 
sex at birth (male, female) and seasonality (yearly quar-
ters). Age groups were aligned with vaccine exposure 

data reporting categories established by the Centers 
for Disease Control and Prevention (CDC) during the 
pandemic. Aetion Substantiate was used to conduct these 
analyses in the CDM and the analysis of the pregnancy 
subgroup was implemented in a Spark cluster using R 
statistical software.

Patient and public involvement
No patients were involved in the development, design, 
conduct or analysis of this study.

RESULTS
Population characteristics
The number of patients with any healthcare service claim 
who met eligibility criteria identified for pre-COVID-19 
and COVID-19 eras were as follows: 16 108 837 patients 
in 2017; 16 449 405 patients in 2018; 16 609 816 patients 
in 2019; and 15 463 486 patients in the 2020 COVID-19 
era (1 March 2020–31 December 2020). We considered 
the period January–February 2020 as part of the pre-
COVID-19 era and excluded these data from the rest 
of the 2020 data (11 014 663 patients excluded). The 
demographics for the general population and each 
subgroup (except for the pregnancy subgroup) for each 
year assessed are shown in online supplemental table S2. 
The mean age in the general population ranged from 
45.5 (SD 23.8) years in 2017 to 49.0 (23.8) years in 2020. 
In contrast, the mean age in the paediatric and elderly 
subgroups remained relatively consistent between the 
pre-COVID-19 and COVID-19 era. There was a slightly 
larger population of females than males in most groups, 
except for the paediatric subgroup, which had an equal 
distribution across sex. The majority of patients included 
in the influenza vaccinated and paediatric subgroups, 
and general population were commercial payers, whereas 
the majority of patients in the elderly subgroup received 
Medicare.

HOI incidence rates pre-COVID-19 era versus COVID-19 era
General population
Rates of HOIs varied between the pre-COVID-19 and 
COVID-19 eras for each HOI category in the general 
population (figure  1). Among cardiac HOIs, rates of 
heart failure were the highest throughout the study. 
All dermatological HOIs decreased in the COVID-19 
era compared with the pre-COVID-19 era, except for 
incidence of chilblain-like lesions, which was higher 
during the COVID-19 era. Among gastrointestinal HOIs, 
the incidence of acute pancreatitis slightly decreased 
throughout the study period, whereas the incidence 
of acute liver injury increased and was highest during 
the COVID-19 era. The incidence rates of haematolog-
ical HOIs, including venous thromboembolism (VTE), 
disseminated intravascular coagulation (DIC), pulmonary 
embolism and thrombocytopaenia, were generally lower 
in the pre-COVID-19 era than in the COVID-19 era. For 
immunological HOIs, the incidence of antiphospholipid 
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syndrome was low throughout the study period and 
decreased further in the COVID-19 era. Conversely, inci-
dence of autoimmune neutropaenia remained relatively 
stable throughout the study period. Generally, the inci-
dence of neurological HOIs was lower in the COVID-19 
era than in the pre-COVID-19 era, with the exception 
of cerebral venous sinus thrombosis, and haemorrhagic 
and ischaemic stroke, which were lowest in 2017. Notably, 
convulsions had the highest incidence rate compared 
with all other neurological HOIs. Incidence rates of acute 
kidney injury and acute respiratory distress syndrome 
(ARDS) were higher in the COVID-19 era than in the pre-
COVID-19 era.

Paediatric population
Among paediatric patients, incidence rates of dermato-
logical and gastrointestinal HOIs, along with acute kidney 
injury, were similar to those observed in the general popu-
lation (figure  2); however, in contrast with the general 
population, incidence of ARDS declined over the study 
period. Additionally, cardiac (except for myocarditis), 
haematological, immunological and neurological HOIs 
remained stable throughout the study period. Overall, 
the incidence of seizures, convulsions and thrombocyto-
paenia was higher than all other HOIs.

Elderly population
In the elderly subgroup, the majority of cardiac, neuro-
logical, haematological and immunological HOIs 
remained stable throughout the study; however, a few 
differences were observed compared with the general 
population (figure  3). The incidence of several neuro-
logical HOIs (aseptic meningitis, Bell’s palsy, convulsion 
and ischaemic and haemorrhagic stroke), immunolog-
ical HOIs (arthritis, giant cell arteritis and antiphospho-
lipid syndrome) and acute kidney injury were higher 
in the pre-COVID-19 era than the COVID-19 era. Addi-
tionally, the incidence of atrial fibrillation, heart failure 
and acute pancreatitis decreased over the study period, 
whereas rates of acute liver injury increased steadily from 
2017 to 2019 then remained relatively stable through 
2020. As expected, incidence of ARDS was highest in the 
COVID-19 era.

Pregnancy population
In the pregnancy subgroup, incidence of all non-
pregnancy-specific HOIs followed similar trends in 
general to those observed with the general population 
during pre-COVID-19 and COVID-19 eras (figure 4).

There was a general trend towards increased inci-
dence of pregnancy-related HOIs from 2017 to 2018 
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Figure 1  Health outcome of interest incidence stratified by year for the general population.
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(except for spontaneous abortions and stillbirths), which 
then remained relatively stable through 2019 (except 
full term births), before subsequently decreasing in the 
COVID-19 era back to similar or lower incidence rates to 
those observed in 2017 (figure 5). The exceptions were 
spontaneous abortions which slightly increased annu-
ally throughout the study period and stillbirths which 
remained relatively unchanged.

Influenza-vaccinated population
Among influenza-vaccinated patients, incidence of 
cardiac, dermatological and gastrointestinal HOIs, along 
with the incidence of acute kidney injury and ARDS were 
comparable with the general population, though slightly 
elevated (online supplemental figure S1). Incidence rates 
of several HOIs were higher than with the general popu-
lation including heart failure, atrial fibrillation, arthritis, 
convulsions (except during the COVID-19 era), erythema 
multiforme, acute kidney injury and ARDS.

Among the haematological HOIs, the incidence rates 
of both thrombocytopaenia and pulmonary embolism 
were higher in the COVID-19 era compared with the 
pre-COVID-19 era. The majority of neurological HOIs 
remained relatively stable throughout the study period; 

however, incidences of convulsions decreased slightly in 
the COVID-19 era.

HOIs incidence stratified by age
The age-stratified incidence rates for all HOIs observed 
in the general population for 2019 are shown in online 
supplemental figure S2. Overall, the incidence of cardiac, 
gastrointestinal, neurological HOIs (except for acute 
disseminated encephalomyelitis and encephalomyelitis), 
along with acute kidney injury and ARDS, increased with 
age. Incidence of dermatological HOIs varied between 
age groups, with incidence of erythema multiforme 
highest in patients aged 0–5 years and Stevens Johnson 
syndrome highest in patients aged ≥75 years. The inci-
dence of several immunological HOIs also varied between 
age groups, with the incidence of anaphylaxis decreasing 
with age, but the incidence of arthritis, antiphospholipid 
syndrome, giant cell arteritis, autoimmune hepatitis and 
neutropaenia increasing with age. Kawasaki disease was 
only observed in patients aged 1–5 years and therefore no 
age trend could be established. Age-stratified incidence 
rates for all HOIs observed in the general population for 
2017, 2018, 2019 and 2020 are shown in online supple-
mental tables S3–S6.
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Figure 2  Health outcome of interest incidence stratified by year for the paediatric subgroup.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
11 Ju

ly 2024. 
10.1136/b

m
jo

p
en

-2024-083947 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1136/bmjopen-2024-083947
https://dx.doi.org/10.1136/bmjopen-2024-083947
https://dx.doi.org/10.1136/bmjopen-2024-083947
https://dx.doi.org/10.1136/bmjopen-2024-083947
https://dx.doi.org/10.1136/bmjopen-2024-083947
http://bmjopen.bmj.com/


6 Banga S, et al. BMJ Open 2024;14:e083947. doi:10.1136/bmjopen-2024-083947

Open access�

Similar trends were observed in the influenza-vaccinated 
(online supplemental figure S3 and tables S7–S10) and 
pregnancy subgroup (online supplementary Figure S4, 
and S5 (pregnancy subgroup) and tables S11–S14).

HOIs incidence stratified by sex
The sex-stratified incidence rates for all HOIs observed 
in the general population for 2019 are shown in online 
supplemental table S15. The majority of HOIs were 
comparable across sexes; however, a few sex-specific trends 
were observed. The majority of cardiac, gastrointestinal, 
neurological and haematological HOIs, along with acute 
kidney injury and ARDS, were more commonly reported 
in males than females. Among immunological HOIs, inci-
dence of arthritis was consistently higher among males, 
whereas incidence of autoimmune hepatitis, autoimmune 
neutropaenia, subacute thyroiditis and giant cell arteritis 
were consistently higher among females. Notably, inci-
dence of Kawasaki disease was generally higher in males 
than females. For dermatological HOIs, chilblain-like 
lesions occurred at higher rates in females than males.

Similar trends were observed in the influenza vacci-
nated, paediatric and elderly subgroups in 2019, with 
a few exceptions. In the paediatric subgroup, the inci-
dence of arthritis was lower among males and incidence 

of autoimmune neutropaenia was lower among females 
(online supplemental table S15). In the elderly subgroup, 
incidence of autoimmune neutropaenia was comparable 
across sexes and the incidence of ARDS was higher in 
males than females (online supplemental table S15).

Sex-stratified incidence rates for all HOIs observed in 
the general population and all subgroups for 2017, 2018 
and 2020 are shown in online supplemental tables S16–
S18. Additionally, dual-stratified (sex and age) incidence 
rates for some HOIs observed in the general population 
for 2017–2020 are shown in online supplemental tables 
S19–S22.

HOIs incidence stratified by seasonality
Across all populations analysed, trends in annual 
incidence of HOIs by calendar year were consistent 
throughout seasons; however, the incidence of all HOIs 
was higher between January and March than other time 
periods, particularly for cardiac conditions (online 
supplemental tables S23–S27).

DISCUSSION
This US-based retrospective cohort study estimated the 
yearly background incidence rates of 59 HOIs, such as 
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Figure 3  Health outcome of interest incidence stratified by year for the elderly subgroup (age ≥65 years).
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thrombotic thrombocytopaenic syndrome, and multi-
system inflammatory syndrome in children and adults, 
in roughly 16 million patients per calendar year, during 
two different time periods relative to the COVID-19 
pandemic. Overall, variations in the incidence rates of 
HOIs by age and sex strata and among four key subgroups 
of interest in the pre-COVID-19 versus COVID-19 era were 
noted. As expected, higher rates of cardiac conditions, 
including acute myocardial infarction and myocarditis, 
and coagulation disorders, such as VTE, DIC, pulmonary 
embolism and thrombocytopaenia, were noted during 
the COVID-19 era compared with the pre-COVID-19 era. 
These findings are in line with previous literature and 
are likely directly related to COVID-19 infection, which 
induces a prothrombotic state.24 The higher incidence of 
all health outcomes between January and March, particu-
larly for cardiac conditions reflects the seasonal variability 
observed during the winter months.25 Similarly, incidence 
of ARDS, a common complication of COVID-19 infec-
tion, nearly doubled during the COVID-19 era.26 Further-
more, incidence of acute liver injury was found to be 
highest during the COVID-19 era, which may be, in part, 
related to the increased prevalence of substance abuse 

during the pandemic27; however, increased rates of acute 
liver injury could also be directly attributed to COVID-19 
infection.28 29 In contrast, the incidence of some derma-
tological and neurological conditions, acute pancre-
atitis and subacute thyroiditis, decreased slightly during 
the COVID-19 era. A similar pattern was also observed 
among the elderly subgroup and the influenza-vaccinated 
subgroup, though rates were generally higher compared 
with the general population. During this period, before 
the introduction of COVID-19 vaccines, there were a 
number of lockdowns, which likely had an impact on 
population health through disruption of health services 
and changes in health-seeking behaviours, particularly for 
certain subgroups who were classified as being high risk, 
which may reflect a shift in care-seeking practices during 
the period when COVID-19 was highly prevalent.3 30 31

The higher rates observed for several HOIs such as 
heart failure, atrial fibrillation, arthritis, convulsions 
(except during the COVID-19 era), erythema multiforme, 
acute kidney injury and ARDS in the influenza-vaccinated 
patient subgroup compared with the general popula-
tion may be attributable to recommendations to target 
individuals at high risk of these events (ie, those with 
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Figure 4  Health outcome of interest incidence stratified by year for the pregnancy subgroup.
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comorbidities and underlying conditions) for influenza 
vaccination.32 Of note, accumulating evidence suggests 
that influenza vaccination decreases the risk of cardio-
vascular and respiratory adverse outcomes (or exacerba-
tion of underlying conditions) and related mortality in 
the general population as well as those with pre-existing 
conditions.33–38 Among pregnant women, the incidence 
of many non-pregnancy-related HOIs were similar to 
the general population. Most pregnancy-related HOIs 
remained low during the COVID-19 era compared with 
prior years, possibly due to changes in health-seeking 
behaviours. For example, the incidence of acute pancre-
atitis, deep vein thrombosis and aseptic meningitis were 
lowest during the COVID-19 era. Additionally, the inci-
dence of full-term birth and termination of pregnancy 
due to fetal anomaly were lowest during the COVID-19 
era, which may reflect fewer planned pregnancies due to 
fear of COVID-19. Interestingly, there was a decline in the 
rates of pregnancy and births during 2020 as reported 
in the CDC’s National Vital Statistics System.39 Overall, 
the results from this study align with the findings from 
previous literature examining rates of select COVID-19 
HOIs between 2017 and 2020, such as the ACCESS8 and 
OHDSI projects4; however, some variations were noted. 
The differences observed in this study compared with 
other similar studies could be due in part to variations 
in study design, data sources and geographical regions. 
Further, it is important to note that background rates 
of HOIs in this study were assessed on an active user 
population (ie, a population that may be more likely to 

seek medical care and thus be more similar with respect 
to healthcare-seeking behaviours to those who would 
elect to get a COVID-19 vaccination). In order to be 
well prepared for potential safety signals, we elected to 
examine a large number of HOIs, including the AEs of 
special interest suggested by SPEAC.3 4 8

This study had several strengths that warrant discus-
sion. Our study assessed 59 HOIs compared with 15, 
17 and 41 in the OHDSI Atlas, FDA Best initiatives and 
ACCESS studies, respectively.3 4 8 Incidence rates of 
several key HOIs were dual stratified by age and sex, 
compared with these other studies which only assessed by 
age and sex, separately.3 4 8 In this large population, the 
dual stratification allowed for more precise estimation of 
rates, particularly for those HOIs affected by age and sex, 
such as myocarditis. To our knowledge, this study exam-
ined the widest range of HOIs in the general population 
that could be relevant for safety monitoring of COVID-19 
vaccines, and future vaccines, and included an important 
subgroup of interest not previously assessed, pregnant 
women. Moreover, this study examined a subgroup of 
patients who received an influenza vaccine, allowing for 
better understanding of healthcare-seeking behaviour 
among those more willing to use preventative medicine, 
and may help inform future vaccination programmes.

There are a few limitations in this study. The study 
population, consisting of only health insurance-covered 
patients and elderly Medicare recipients who actively used 
the healthcare system, may not fully represent the entire 
US population as they may have more comorbidities than 
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Figure 5  Pregnancy-specific health outcomes of interest stratified by year for the pregnancy subgroup.
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those without insurance coverage or those who do not 
actively engage with the healthcare system. Conversely, 
it could be a ‘healthier’ population who may be more 
likely to take preventative health measures. However, due 
to the detailed information on interactions for millions 
of patients and a similar age and sex distribution to 
the general US population, we did not consider this to 
greatly impact the results.40–43 The data source used in 
this study also had inherent limitations that could lead 
to either overestimation or underestimation of inci-
dence. For example, administrative claims data carries 
the potential for misclassification bias. As claims data are 
primarily collected for reimbursement purposes rather 
than research, they are prone to incomplete or inaccu-
rate coding of diagnoses, potentially leading to misclassi-
fication or under-reporting of AEs/outcomes of interest, 
and general misclassification of exposure. Furthermore, 
the claims-based algorithms used to identify events may 
underestimate incidence due to their low sensitivity/posi-
tive predictive value. Conversely, the use of algorithms 
from prior research, which lack validation, could have 
potentially led to overestimation or underestimation of 
incidence rates. However, the use of broad definitions for 
outcomes should allow rare events to be captured.

Our findings also need to be considered in the context 
of changes in healthcare-seeking behaviour during the 
COVID-19 era.44 45 Given the changes in healthcare prac-
tices and usage during the COVID-19 era, there is a need 
to exercise caution when using data from 2020.

Conclusions
Accurate background rates for HOIs are essential for contex-
tualisation while monitoring real-world safety of COVID-19 
vaccines and other vaccines. The findings of this study are 
generally comparable with other similar studies assessing 
incidence rates of HOIs pre-COVID-19 and during the 
COVID-19 era using US-based and international data, such 
as OHDSI, ACCESS and the BEST initiative. However, this 
study assessed a wide range of HOIs (59) and included preg-
nant women, a subgroup of interest not previously assessed. 
Overall, the background rates of HOIs in this study provide 
further insight and should help to better contextualise the 
fluctuations in background rates of AEs related to changes in 
societal practices, healthcare practices and healthcare utilisa-
tion in response to the global COVID-19 pandemic, and how 
they may impact vaccine safety surveillance and/or clinical 
safety research of COVID-19 vaccines and other vaccines.
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