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A B S T R A C T   

Post –acute sequalae of COVID-19 (PASC) among U.S. military members remains unexplored. A cohort study of 
U. S. military members who had a COVID-19 test result, with the specimen collected between March 1, 2020 and 
November 30, 2021 was conducted. Demographic, inpatient and outpatient data including cardiac event di
agnoses were extracted from electronic medical records and compared COVID-19 test-positive and COVID-19 
test-negative service members. We used univariate and multivariable logistic regression methods to determine 
the effect PASC on select cardiac events. Among 997,785 service members, 15,779 (1.6%) were diagnosed with a 
cardiac event. In fully adjusted models, PASC was significantly associated with increased odds of any cardiac 
event [OR =1.64 (95% CI: 1.57, 1.71]. PASC was associated with increased odds of myocarditis [OR = 5.86 (95% 
CI: 4.22, 8.15)], pericarditis [OR =3.08 (95% CI: 2.31, 4.11)], syncope [OR =1.52 (95% CI: 1.41, 1.63)], 
tachycardia [OR =1.72 (95% CI: 1.56, 1.89)], heart failure [OR =2.15 (95% CI: 1.76, 2.63)], bradycardia [OR 
=1.71 (95% CI: 1.50, 1.96)], and atrial fibrillation [OR =1.33(95% CI: 1.02, 1.74)] in fully adjusted models. In a 
sensitivity analysis of military members with no history of cardiac events, PASC was still significantly associated 
with increased odds of any cardiac event [OR =1.75 (95% CI: 1.67, 1.84)]. In conclusion, we observed a sig
nificant association between PASC and cardiac outcomes including; myocarditis, pericarditis, and heart failure. 
These associations were observed in a relatively young and healthy population and among those without pre- 
existing cardiac diagnoses.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) pandemic has impacted 
the health and readiness of the United States (U. S.) military, with over 
650,000 positive cases identified in military members and military 
health system (MHS) beneficiaries. Patients with COVID-19 exhibit a 
wide range of symptoms and clinical events, having both short- and 
long-term health consequences [1–4]. Although most people who have 
common COVID-19 symptomology recover completely within a few 
weeks, some people, referred to as “long haulers” or “long COVID-19′′

experience symptoms long after their initial recovery (generally longer 
than 4 weeks after diagnosis) [5,6]. COVID-19 has been recognized as a 
multi-organ disease with effects on a broad spectrum of clinical mani
festations [7–9]. Persistent symptoms have also been observed in sur
vivors of previous coronavirus diseases, such as the severe acute 
respiratory syndrome (SARS) epidemic of 2003 and the Middle East 

respiratory syndrome (MERS) outbreak of 2012 [10–14]. Recent liter
ature has specifically highlighted sequelae of COVID-19 on cardiovas
cular health [7,15–21]. Despite this preliminary evidence, the full extent 
of long-term outcomes of COVID-19 on cardiovascular health remains 
largely unknown. Cardiovascular disease has historically been consid
erably lower in military populations compared to the general public, 
likely due to military members being younger, more physically active, 
and in otherwise good health at time of entry into military service [22]. 
The aim of this study is to evaluate the effect of post-acute sequelae of 
COVID-19, and the odds of cardiac events among active component 
military service members. 
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2. Methods 

2.1. Data source 

The Armed Forces Health Surveillance Division (AFHSD) line list of 
COVID-19 cases was used in this study. AFHSD has been tasked with 
daily surveillance of COVID-19 cases. As part of this surveillance, 
AFHSD compiles a line list of COVID-19 tests among military members 
and beneficiaries. This list is updated daily and includes laboratory 
confirmed records of positive reverse transcription-polymerase chain 
reaction (RT-PCR) and antigen tests from Health Level 7 (HL-7) 
formatted Composite Health Care System (CHCS) and Military Health 
System (MHS) GENESIS data extracts provided by the Defense Centers 
for Public Health-Portsmouth EpiData Center (EDC). In addition, it 
contains confirmed and probable cases of COVID-19 reported in the 
Disease Reporting System Internet (DRSi) according to Department of 
Defense (DoD) and CDC reportable medical event case reporting 
guidelines [23]. 

The Defense Medical Surveillance System (DMSS); an electronic 
database that contains personnel, inpatient, outpatient, and in-theater 
medical encounters, and other data for the DoD was used to capture 
cardiac medical encounters using specific International Classification of 
Diseases, 10th Revision, Clinical Modification (ICD-10) diagnostic 
codes. DMSS was also used to identify demographic information for the 
study population. 

2.2. Study population 

The study population included U. S. active component military 
members with a SARS-CoV-2 laboratory test conducted between March 
1, 2020 and November 30, 2021. Military members from the Reserves or 
National Guard were excluded. The final study population consisted of 
997,785 military members of which 122,424 (12.3%) were COVID-19 
positive and 875,361 (87.7%) were COVID-19 negative. This active 
component U.S military retrospective study was reviewed by the 
Component Office for Human Research Protections (COHRP), Defense 
Health Agency (DHA) Office of Research Protections (ORP), which 
determined that the proposed activity does not constitute research as 
defined at 32 CFR 219.102(l) and as implemented through Department 
of Defense Instruction DoDI 3216.02. 

2.3. COVID-19 status 

The incident date of COVID-19 was defined as the earliest sample 
collection date of a positive RT-PCR test. The first incident date of 
COVID-19 was used for individuals who tested positive multiple times 
during the study period. Participants were COVID-19 exposed if they 
had a positive PCR test during the surveillance period and they were 
considered COVID-19 unexposed if they had a negative PCR test and 
negative antigen or “unknown” test in instances where they had a PCR 
test and another test (antigen or ‘unknown’). Immunization records 
were queried to determine COVID-19 vaccination status (Yes/No). An 
individual was considered COVID-19 vaccinated on the date they 
completed a vaccine series based on the vaccine used. 

2.4. Cardiac medical encounters 

Inpatient, outpatient, and in-theater medical encounter data were 
queried for the following cardiac outcomes based on the specified ICD- 
10 diagnostic code in the first and second diagnosis position. An asterisk 
indicates that any subsequent digit or character was included.  

• Myocardial infarction (I21*)  
• Cerebral infarction/Stroke (I63*)  
• Pericarditis (I30.0, I30.1, I30.8, I30.9, I32, M32.12)  
• Atrial fibrillation (I48.91, I48.0)  

• Syncope (R55)  
• Tachycardia (R00.0)  
• Heart Failure (I50.9, I51.7)  
• Bradycardia (R00.1)  
• Myocarditis (I51.4, I40.0, I40.1, I40.8, I40.9, I01.2, I09.0)  
• Unspecified heart disease (I51.9)  
• And a total group of any of the above cardiac events; “any cardiac 

events” 

An individual was counted once for each cardiac outcome that 
occurred. If a military member had multiple cardiac events of the same 
type, the cardiac event closest to the COVID-19 test date was used. 

2.5. Statistical analyses 

SAS V9.4 software was used for all statistical analysis (SAS Institute, 
Cary, NC)). The outcome of interest was cardiac event and the inde
pendent variable was COVID-19 test status. Covariates of interest in this 
study were: age, race/ethnicity, sex, service, rank, vaccination status, 
and education. Time-varying characteristics were measured at the time 
of the COVID-19 test. Age group was stratified into seven groups by 5- 
year increments from <20 to 45+, sex was dichotomized to male and 
female, and vaccination status was dichotomized into yes or no. Race/ 
ethnic group was stratified as non-Hispanic White, non-Hispanic Black, 
Hispanic, and unknown/other. Military rank [Enlisted (E), officers (O), 
and warrant officers (WO)] was grouped into 5 groups: E1-E4, E5-E9, 
O1–O3, O4–O10, and WO. Education was grouped into 4 categories: 
High school or less, some education, bachelors or advanced degree, and 
other/unknown. 

Distribution of COVID-19 test status by demographic characteristics 
was determined. We determined how many military members were lost 
to follow up at the end of the study surveillance period (November 30, 
2021). The incidence of each cardiac event in our population during the 
20 month-long surveillance period was calculated and we also assessed 
whether cardiac events occurred before or after an individual was fully 
vaccinated. 

To determine whether cardiac events occurred as a result of com
plications of acute COVID-19, or they were due to post-acute sequalae of 
COVID-19 (PASC), a 30 day lag was used as a proxy. Cardiac events 
occurring within 30 days after a COVID-19 test were considered com
plications of acute COVID-19 and cardiac events occurring after 30 days 
from COVID-19 test date were considered PASC. 

Covariates included in the fully adjusted models were determined a 
priori. To ensure that regression analysis assessed cardiac events that are 
attributed to PASC, only cardiac events that occurred >30 days after 
COVID-19 testing were included in the analysis. Crude logistic regres
sion models were built to evaluate PASC and diagnosis with select car
diac events. Multivariable logistic regression models were then used to 
assess the association between PASC and select cardiac events adjusting 
for age, race/ethnicity, sex, service, rank, vaccination status, and edu
cation. Due to some military members having a history of cardiac events 
(Supplementary Table 1), a sensitivity analysis of military members 
without any prior history of cardiac events was performed. 

3. Results 

In this retrospective cohort of 997,785 military service members who 
had a PCR confirmed COVID-19 test between March 1, 2020 and 
November 30, 2021, there was a total of 122,424 military members who 
had COVID-19 (exposed group) accounting for 12.3% of the study 
population. The study population was predominantly male (80.2%), 
non-Hispanic white (54.2%), in the Army (43.6%), and fully vaccinated 
during the surveillance period (88.5%) (Table 1). The mean age at 
COVID-19 testing was 27.8 years (STD = 8.2). There was a statistically 
significant difference between the COVID-19 test -positive and the 
COVID-19 test -negative group for all included demographic variables 
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(P < 0.01). All military members in the study were confirmed to be 
active duty at the beginning of the study and 6.1% (N = 68,882) were 
lost to follow-up at the end of the study. Of those lost to follow-up, 
69.8% (N = 48,065) separated from the military. Descriptive statistics 
by COVID-19 status are detailed in Table 1. 

A total of 15,779 (1.6%) military members were diagnosed with a 
cardiac event; 2896 were COVID-19 positive and 12,883 were COVID-19 
negative. The proportion of cardiac events that occurred on the day of 
and after COVID-19 vaccination were slightly higher among the exposed 
compared to the unexposed; 0.77% versus 0.68%. Prior to being vacci
nated, the proportion of cardiac events diagnoses was significantly 
higher in the exposed compared to the unexposed; 1.22% and 0.55%, 
respectively. The average number of days between COVID-19 testing 
and any cardiac event was 144.2 days (STD = 124.4). The highest 
number of cardiac events was among military members in the age 
category of 20–24 years with 30.6% (n = 4828) of all cardiac diagnoses 
(data not shown). The proportion of hospitalization due to cardiac 
events was relatively low overall (0.01%) but it was higher for the 
exposed compared to the unexposed group; 0.03% and 0.01%, 
respectively. 

Overall, 29.3% (n = 4631) of all cardiac events occurred within 30 
days after testing positive for COVID-19. Among those who tested pos
itive for COVID-19 and had a cardiac event (n = 2986), 28.2% (n = 816) 
of cardiac events were a result of complications of acute COVID-19 
(occurred within 30 days after testing positive for COVID-19) and 
71.8% (n = 2080) were attributed to PASC (occurred >30 days after 
COVID -19 positive test). Fig. 1 shows the proportion of cardiac events 
attributed to PASC for the exposed and unexposed. The top three cardiac 
events were the same for the exposed and unexposed group: syncope, 
tachycardia, and bradycardia (Fig. 1). However, the proportion of car
diac events was slightly higher among the exposed compared to the 
unexposed (Fig. 1); overall, 1.7% of the exposed group had a cardiac 
event compared to 1.0% among the unexposed (results not shown). 

For logistic regression, we only counted cardiac events that were 
diagnosed >30 days after COVID-19 testing to delineate the impact of 
long COVID-19 in the study population. In crude models, compared to 
the unexposed, PASC was significantly associated with 61% increased 
odds of any cardiac event [OR = 1.61 (95% CI: 1.54, 1.68)] (Table 2). 
PASC was also significantly associated with increased odds of all cardiac 
outcomes except for myocardial infarction, cerebral infarction/stroke 
and atrial fibrillation (Table 2). After adjusting for age, race/ethnic, sex, 
service, rank, vaccination status, and education, PASC was still signifi
cantly associated with increased odds of any cardiac event [OR = 1.64 
(95% CI: 1.57, 1.71)]. Compared to the unexposed, COVID-19 was 
associated with >5-fold increased odds of myocarditis [OR = 5.86 (95% 
CI: 4.22, 8.15)] (Table 2). Moreover, COVID-19 was significantly asso
ciated with increased odds of pericarditis [OR = 3.08 (95% CI: 2.31, 
4.11)], syncope [OR = 1.52 (95% CI: 1.41, 1.63)], tachycardia [OR =
1.72 (95% CI: 1.56, 1.89)], heart failure [OR = 2.15 (95% CI: 1.76, 
2.63)], bradycardia [OR = 1.71 (95% CI: 1.50, 1.96)], and atrial 
fibrillation [OR = 1.33(95% CI: 1.02, 1.74)] (Table 2). 

In a sensitivity analysis of military members without any history of 
any cardiac event diagnosis prior to COVID-19 testing, we observed 
similar findings (Table 3). COVID-19 was still significantly associated 
with increased odds of any cardiac event [OR = 1.75 (95% CI: 1.67, 
1.84)] compared to COVID-19 negative group in a fully adjusted model 
(Table 3). There was also an almost >7 times increased odds of 
myocarditis [OR = 6.97 (95% CI: 4.78, 10.15)] and over 3 times 
increased odds of pericarditis [OR = 3.16 (95% CI: 2.27, 4.41)] in the 
exposed group compared to the unexposed group (Table 3). In addition, 
there were significant odds of syncope, tachycardia, heart failure, 
bradycardia, and unspecified heart disease (Table 3). Adjusted odds of 
myocardial infarction are 35% higher in the exposed group even though 
this increase is not statistically significant. 

Table 1 
Demographic Characteristics for COVID -19 tested U. S. military members, 
March 1, 2020–November 30, 2021.  

Variable COVID-19 test 
-positive 

COVID-19 test 
-negative 

Total 

N (%) N (%) N (%) 

Overall 122,424 (100) 875,361 (100) 997,785 
(100) 

Sex 
Male 98,990 (80.86) 701,090 (80.09) 800,080 

(80.19) 
Female 23,434 (19.14) 174,271 (19.91) 197,705 

(19.81) 
Age Group 
<20 14,813 (12.1) 106,654 (12.18) 121,467 

(12.17) 
20–24 42,375 (34.61) 277,882 (31.74) 320,257 

(32.1) 
25–29 26,425 (21.58) 183,052 (20.91) 209,477 

(20.99) 
30–34 16,601 (13.56) 124,427 (14.21) 141,028 

(14.13) 
35–39 11,949 (9.76) 92,554 (10.57) 104,503 

(10.47) 
40–44 6114 (4.99) 50,147 (5.73) 56,261 

(5.64) 
45+ 4147 (3.39) 40,645 (4.64) 44,792 

(4.49) 
Race/Ethnic group 
Non-Hispanic White 62,789 (51.29) 478,419 (54.65) 541,208 

(54.24) 
Non-Hispanic Black 23,751 (19.4) 147,292 (16.83) 171,043 

(17.14) 
Hispanic 24,141 (19.72) 151,519 (17.31) 175,660 

(17.6) 
Other/Unknown 11,743 (9.59) 98,131 (11.21) 109,874 

(11.01) 
Military Branch of Service 
Army 56,341 (46.02) 378,460 (43.23) 434,801 

(43.58) 
Navy 26,919 (21.99) 197,052 (22.51) 223,971 

(22.45) 
Air Force 25,397 (20.75) 202,438 (23.13) 227,835 

(22.83) 
Marines 13,767 (11.25) 97,411 (11.13) 111,178 

(11.14) 
Rank 
E1-E4 63,386 (51.78) 427,774 (48.87) 491,160 

(49.23) 
E5-E9 42,939 (35.07) 304,376 (34.77) 347,315 

(34.81) 
O1–O3 9375 (7.66) 78,153 (8.93) 87,528 

(8.77) 
O4–O10 5126 (4.19) 52,845 (6.04) 57,971 

(5.81) 
WO 1598 (1.31) 12,213 (1.4) 13,811 

(1.38) 
Education 
High School or less 83,483 (68.19) 556,672 (63.59) 640,155 

(64.16) 
Some College 13,971 (11.41) 104,835 (11.98) 118,806 

(11.91) 
Bachelors or advanced 

degree 
22,255 (18.18) 189,863 (21.69) 212,118 

(21.26) 
Other/unknown 2715 (2.22) 23,991 (2.74) 26,706 

(2.68) 

Prepared by Armed Forces Health Surveillance Division. 
Public Health Directorate, Defense Health Agency. 
Source: Defense Medical Surveillance System (DMSS), Composite Health Care 
System (CHCS) Health Level 7 (HL-7), Military health System (MHS) Genesis 
data, and Disease Reporting System Internet (DRSi) October 2022. 
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4. Discussion 

This retrospective cohort investigates the relationship between PASC 
and various cardiac events in a U. S. military cohort using laboratory 
diagnoses and medical encounter records. We observed a strong asso
ciation (75% increased odds) between PASC and diagnosis with any 
cardiac event among military members who had no history of any car
diac events. There were increased odds of pericarditis, syncope, heart 
failure, bradycardia and myocarditis among the exposed group 
compared to the unexposed group. This was observed in a relatively 
young population where the average age at cardiac diagnoses was <30 
years old. Our findings are similar to other studies that have shown the 
association between PASC and cardiac events. In a study of Veteran 
Health Administration (VHA) who had acute COVID-19 (n = 73,435) 
compared to all other VHA users (n = 4,990,835), there was a significant 
increased risk of cardiovascular outcomes including acute coronary 
disease, bradycardia, heart failure, and tachycardia post-acute COVID- 
19 [24]. With the exception of acute coronary disease, these associations 
were evident in individuals who were not hospitalized with COVID-19 
[24]. Similar findings were also observed in another study. In a 
cross-sectional study of 442 adults enrolled in the COVID-19 Hopkins 
Opportunity Participant Engagement (HOPE) registry, more than one 
third of people who had acute COVID-19 reported cardiac-related PASC 
symptoms [25]. 

Hospitalization due to COVID-19 was also very low in this study 
(0.4%). This could be attributed to the healthy worker effect in the U. S. 
Military population. However, PASC is still significantly associated with 
increased odds of cardiac event diagnoses. This evidence further sug
gests that PASC is still a health concern for non-hospitalized individuals 
who might have experienced mild-to-moderate COVID-19 symptoms. 

Of all the cardiac events investigated in this study, COVID-19 had the 
strongest association with increased odds of myocarditis [OR = 5.86 
(95% CI: 4.22, 8.15)]. Myocarditis has been shown to be a complication 
of COVID-19 [26–29]. The increased odds of myocarditis post COVID-19 
are therefore not surprising due to the general high incidence of cardiac 
injury that has been reported among COVID-19 patients. Residual post 
myocarditis abnormalities or new onset of cardiac injury during the 
convalescent phase after COVID-19 are to be expected. Even though 
there are still no demonstrations of COVID-19 genome in cardiac tissue 
of patients with clinical myocarditis, there is evidence of mechanisms 
that leads to increased myocardial injury [30]. In a recent systematic 
review of cardiac sequelae after COVID-19 recovery, there was evidence 
to suggest that COVID-19 is associated with persistent cardiac injury 
after recovery, especially myocardial injury [31]. The review showed 
that COVID-19 survivors had a higher risk of heart failure, arrhythmias, 

Fig. 1. Proportion (%) of all COVID-19 exposed and unexposed U.S. military service members that had a cardiac diagnosis, March 1, 2020–November 30, 2021.  

Table 2 
Association of COVID -19 and cardiac event diagnoses among U. S. military 
members, March 1, 2020–November 30, 2021.  

Cardiac Events Crude OR (95%CI) Adjusted ORa (95%CI) 

Myocardial Infarction 0.75 (0.3,1.87) 0.82 (0.33,2.07) 
Cerebral infarction/Stroke 1.22 (0.87,1.71) 1.3 (0.93,1.83) 
Pericarditis 3.15 (2.37,4.2) 3.08 (2.31,4.11) 
Atrial fibrillation 1.18 (0.9,1.53) 1.33 (1.02,1.74) 
Syncope 1.51 (1.4,1.62) 1.52 (1.41,1.63) 
Tachycardia 1.68 (1.53,1.85) 1.72 (1.56,1.89) 
Heart Failure 2.08 (1.71,2.54) 2.15 (1.76,2.63) 
Bradycardia 1.65 (1.44,1.88) 1.71 (1.5,1.96) 
Myocarditis 5.89 (4.24,8.17) 5.86 (4.22,8.15) 
Unspecified 2.24 (1.28,3.94) 2.46 (1.4,4.32) 
Any Cardiac Event 1.61 (1.54,1.68) 1.64 (1.57,1.71) 

Prepared by Armed Forces Health Surveillance Division. 
Public Health Directorate, Defense Health Agency. 
Source: Defense Medical Surveillance System (DMSS), Composite Health Care 
System (CHCS) Health Level 7 (HL-7), Military health System (MHS) Genesis 
data, and Disease Reporting System Internet (DRSi), October 2022. 

a Adjusted for age, race/ethnic, sex, service, rank, vaccination status, and 
education. 

Table 3 
Association of COVID -19 and cardiac event diagnoses among U. S. military 
members without any prior cardiac events, March 1, 2020–November 30, 2021.  

Cardiac Events Crude OR (95%CI) Adjusted ORa (95%CI) 

Myocardial Infarction 1.23 (0.48,3.18) 1.35 (0.52, 3.51) 
Cerebral infarction/Stroke 1.12 (0.71, 1.76) 1.18 (0.75, 1.85) 
Pericarditis 3.28 (2.35, 4.57) 3.16 (2.27, 4.41) 
Atrial fibrillation 1.35 (0.90, 2.02) 1.47 (0.98, 2.21) 
Syncope 1.53 (1.41,1.66) 1.53 (1.41, 1.66) 
Tachycardia 1.75 (1.58, 1.95) 1.78 (1.60, 1.98) 
Heart Failure 2.45 (1.95, 3.10) 2.50 (1.98, 3.16) 
Bradycardia 1.69 (1.46, 1.96) 1.74 (1.50, 2.02) 
Myocarditis 7.00 (4.81, 10.20) 6.97 (4.78, 10.15) 
Unspecified 2.85 (1.53, 5.30) 3.07 (1.65, 5.72) 
Any Cardiac Event 1.73 (1.65, 1.82) 1.75 (1.67, 1.84) 

Prepared by Armed Forces Health Surveillance Division. 
Public Health Directorate, Defense Health Agency. 
Source: Defense Medical Surveillance System (DMSS), Composite Health Care 
System (CHCS) Health Level 7 (HL-7), Military health System (MHS) Genesis 
data, and Disease Reporting System Internet (DRSi), October 2022. 

a Adjusted for age, race/ethnic, sex, service, rank, vaccination status, and 
education. 
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and myocardial infarction. In this study we also see an onset or persis
tence of cardiac events >30 days after COVID-19 diagnoses; of the 2896 
cardiac diagnoses among the exposed, 71.8% (n = 2080) occurred >30 
days after a positive COVID-19 test. We also observed a significant as
sociation between PASC and heart failure [OR = 2.50 (95% CI: 1.98, 
3.16)]. Even after excluding military members with any history of car
diac events, 1639 (78.8%) cardiac diagnoses occurred >30 days after a 
positive COVID-19 test and there was 75% increased odds of any cardiac 
event diagnoses. 

There has been evidence to show that vaccinated individuals have 
less severe symptoms if they get COVID-19 [32,33]. As a result, the 
number of cardiac events among military members might decrease as 
they become fully vaccinated. The military mandated that all active duty 
service members must be fully vaccinated by the end of 2021 and this 
change potentially changed the incidence of COVID-19 and PASC in 
2021. The proportion of fully vaccinated military members was rela
tively the same among the exposed (87.6%) and unexposed (88.6%) at 
the end of the surveillance period in this study. However, the number of 
any cardiac events among the exposed was lower post-vaccination 
compared to pre-vaccination; 1495 compared to 928 cardiac events, 
respectively. There was also a small number of cardiac events that 
occurred on the day the military member completed a vaccination series 
(n = 17). 

4.1. Limitations 

One major limitation of the study was the lack of data on recovery 
time. To account for this, we used a 30-day proxy for recovery and only 
counted cardiac outcomes that occurred after >30 days post COVID-19 
testing in regression analysis. This is in agreement with the CDC’s 
definition (4-week time frame) of post-COVID-19 conditions to empha
size the importance of clinical evaluation and care early. Another limi
tation is that we used the first COVID-19 test date and this does not 
consider individuals who might have gotten COVID-19 multiple times 
during the study period. As a result, our results may be overstating the 
effect of PASC as it relates to cardiac outcome; an individual who had 
COVID-19 multiple times and their cardiac outcomes were due to acute 
COVID-19 symptoms are not excluded in this study. Future studies 
should consider either excluding these individuals and or restarting their 
time to recovery as multiple COVID-19 infections may inflict multiple 
cardiac insults. Another limitation of this study is that it did not exclude 
vaccination-related cardiac events that have been seen in COVID-19 
vaccines, especially mRNA vaccines. There has been evidence to sug
gest that mRNA COVID-19 vaccines can result in myocarditis post- 
vaccination with the highest incidence being among young males [34, 
35]. Since this study consists of predominantly young males, further 
investigating the effect of vaccination-related cardiac events would be 
beneficial in future studies. However, in our study there was a noticeable 
change in the percent of cardiac events among those who had COVID-19 
when comparing pre and post vaccination cardiac events (1.22% vs 
0.76%, respectively) indicating a positive effect of COVID-19 
vaccination. 

Due to lack of comprehensive smoking information in our data, this 
study did not adjust for smoking, a major cause of cardiac disease. This 
might result in the overestimation of PASC as it relates to cardiac out
comes. There is evidence to suggest that smoking results in increased 
risk of major adverse cardiovascular events among patients hospitalized 
with SARS-CoV-2 infection [35]. Moreover, this study did not adjust for 
non-cardiac conditions and or medications that military members were 
using prior to COVID-19 infection or medications that they might have 
been prescribed to manage their COVID-19 symptoms. Our population 
consists of relatively young and healthy military members who tend not 
to be heavily medicated hence reducing the likelihood of pre-COVID-19 
infection medication impact on PASC related cardiac events. Further
more, only 0.4% of the study population was hospitalized meaning that 
our population mostly had mild to moderate COVID-19 symptoms that 

most likely did not require medication to manage acute COVID-19. 
However, future studies should consider the impact of medications 
that might have unfavorable or protective effects on cardiac conditions. 

Also, other concomitant conditions that might lead to cardiac injury 
onset or exacerbate cardiac conditions were not adjusted for in this 
study. These conditions might have an impact on the effect of PASC and 
cardiac events. This study did not consider COVID-19 variants and po
tential differences in cardiac outcomes. Finally, this study is not gener
alizable to the entire U. S. population since it uses a U. S. military 
population, which is relatively younger and healthier than the general 
U. S. population. 

5. Conclusion 

In this study of U. S. military members who were tested for SARS- 
CoV-2, we examined the relationship between COVID-19 and select 
cardiac events. We observed a significant association between PASC and 
myocarditis, pericarditis, syncope, bradycardia, and heart failure. This 
was observed in a population with very low COVID-19 related hospi
talizations. These associations were observed in a relatively young and 
healthy population and among those without pre-existing cardiac 
diagnoses. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcrp.2023.200183. 
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