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ORIGINAL ARTICLE

Longitudinal Trends in Cardiovascular Risk Factor 
Profiles and Complications Among Patients 
Hospitalized for COVID-19 Infection: Results 
From the American Heart Association COVID-19 
Cardiovascular Disease Registry
Eric J. Hall , MD; Colby R. Ayers , MS; Ahmed A. Kolkailah , MD, MSc; Christine Rutan , CPHQ; Jason Walchok , NRP;  
Joseph H. Williams IV, BS; Tracy Y. Wang, MD, MHS, MSc; Fatima Rodriguez , MD, MPH; Steven M. Bradley , MD, MPH;  
Laura Stevens , PhD; Jennifer L. Hall , PhD; Pratheek Mallya, MS; Gregory A. Roth , MD, MPH; David A. Morrow , MD; 
Mitchell S.V. Elkind , MD, MS; Sandeep R. Das , MD, MPH; James A. de Lemos , MD

BACKGROUND: The COVID-19 pandemic has evolved through multiple phases characterized by new viral variants, vaccine 
development, and changes in therapies. It is unknown whether rates of cardiovascular disease (CVD) risk factor profiles and 
complications have changed over time.

METHODS: We analyzed the American Heart Association COVID-19 CVD registry, a national multicenter registry of hospitalized 
adults with active COVID-19 infection. The time period from April 2020 to December 2021 was divided into 3-month 
epochs, with March 2020 analyzed separately as a potential outlier. Participating centers varied over the study period. Trends 
in all-cause in-hospital mortality, CVD risk factors, and in-hospital CVD outcomes, including a composite primary outcome 
of cardiovascular death, cardiogenic shock, new heart failure, stroke, and myocardial infarction, were evaluated across time 
epochs. Risk-adjusted analyses were performed using generalized linear mixed-effects models.

RESULTS: A total of 46 007 patient admissions from 134 hospitals were included (mean patient age 61.8 years, 53% male, 
22% Black race). Patients admitted later in the pandemic were younger, more likely obese, and less likely to have existing 
CVD (Ptrend ≤0.001 for each). The incidence of the primary outcome increased from 7.0% in March 2020 to 9.8% in October 
to December 2021 (risk-adjusted Ptrend=0.006). This was driven by an increase in the diagnosis of myocardial infarction and 
stroke (Ptrend

<0.0001 for each). The overall rate of in-hospital mortality was 14.2%, which declined over time (20.8% in March 
2020 versus 10.8% in the last epoch; adjusted Ptrend

<0.0001). When the analysis was restricted to July 2020 to December 
2021, no temporal change in all-cause mortality was seen (adjusted Ptrend=0.63).

CONCLUSIONS: Despite a shifting risk factor profile toward a younger population with lower rates of established CVD, the incidence of 
diagnosed cardiovascular complications of COVID increased from the onset of the pandemic through December 2021. All-cause 
mortality decreased during the initial months of the pandemic and thereafter remained consistently high through December 2021.
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Since the first cases of infection with the SARS CoV-2 
virus were reported in December 2019, the COVID-
19 pandemic has evolved through multiple phases 

and claimed the lives of millions of individuals world-
wide.1,2 The early phases were marked by limited data 
and scant therapeutic options. New treatment strategies 
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emerged as the pandemic progressed, including dexa-
methasone, remdesivir, and monoclonal and polyclonal 
antibody treatments.3–6 Later, research led to broader use 
of more intensive anticoagulant prophylaxis for thrombo-
embolic disease, the recognition of a selective role for tar-
geted anti-inflammatory agents such as tocilizumab, and 
the introduction of new antiviral agents targeted toward 
key features of the SARS CoV-2 virus.7–10 In addition, 
recommendations for the management of hypoxemia 
associated with COVID-19 evolved.11,12 The development 
of effective vaccines shifted the course of the pandemic, 
while evolutionary pressures contributed to the emer-
gence of viral variants with unique properties.13–17

The intersection of COVID-19 with cardiovascular 
disease (CVD) was recognized early in the pandemic. 
Patients with CVD risk factors were identified as more 
likely to develop severe illness leading to hospitalization 
and death,18–21 while CVD complications have been rec-
ognized as important contributors to the morbidity and 

mortality associated with COVID-19 infection.22–25 Myo-
cardial injury commonly occurs and is associated with 
more severe illness.26,27 Multiple studies have described 
myocardial inflammatory changes with cardiac magnetic 
resonance imaging among some survivors of COVID-19 
infection.28–30

Despite these rapid changes in the treatment strategies, 
vaccine availability, and the virus itself (through multiple 
variants), it is unknown whether the CVD risk factor profile 
or CVD complications associated with COVID-19 infec-
tion have changed over the course of the pandemic. To 
address this question, we examined the longitudinal preva-
lence of CVD risk factors and the incidence of diagnosed 
CVD complications in hospitalized patients with COVID-
19 using the American Heart Association’s COVID-19 
Cardiovascular Disease Registry. We also examined mul-
tiple additional secondary outcomes, including all-cause 
in-hospital mortality, thromboembolic events, and resource 
utilization. Given advances in the prevention and treatment 
of severe COVID-19 infection, we hypothesized that the 
rate of cardiovascular complications from COVID-19 has 
decreased over the course of the pandemic.

METHODS
Study Population and Data Source
We studied patients included in the American Heart Association 
COVID-19 CVD registry, part of the Get With The Guidelines® 
program. Details of this registry have been previously 
described.31–33 Briefly, the COVID-19 CVD registry is available 
to all hospitals in the United States. Trained data abstractors at 
each participating institution collect medical record data from 
consecutive adult patients (age ≥18 years old) who are hospital-
ized with active COVID-19 as the primary diagnosis. The registry 
collects over 400 data elements, including baseline demograph-
ics, prior medical history, clinical characteristics, and in-hospital 
outcomes. IQVIA (Parsippany, New Jersey) hosts data collec-
tion for the American Heart Association COVID-19 registry. For 
all institutions, participation in the COVID-19 CVD registry was 
approved or review was waived by a local institutional review 
board. Informed consent was not required as there is no par-
ticipant interaction in this quality improvement registry. Dr de 
Lemos had full access to all data in the study and takes respon-
sibility for the data analyses and integrity. Requests to access 
the registry dataset may be sent from qualified researchers to 
the American Heart Association at qualityresearch@heart.org.

Time Epochs
This was an observational study using a repeated cross-sec-
tional design to analyze separate groups of patient admissions 
over distinct time periods. To identify trends over time, the study 
period from March 2020 to December 2021 was divided into 
8 time epochs. March 2020 was considered as a separate time 
epoch given the very large numbers of COVID-19 admissions 
from centers in limited geographical distribution during this ini-
tial period of the pandemic in the United States. The remain-
ing study period was divided into 3-month epochs. Hospital 

WHAT IS KNOWN
• Preexisting cardiovascular disease (CVD) and CVD 

risk factors are associated with poor outcomes in 
COVID-19 infection, while CVD complications rep-
resent an important part of the morbidity and mortal-
ity of COVID-19.

WHAT THE STUDY ADDS
• As the pandemic evolved from March 2020 to 

December 2021, the profile of hospitalized patients 
with COVID-19 changed toward a younger popu-
lation with a lower prevalence of prior established 
CVD.

• The incidence of diagnosed cardiovascular compli-
cations increased over time, driven by an increase in 
the rates of myocardial infarction, stroke, and pulmo-
nary embolism.

• All-cause in-hospital mortality and use of mechani-
cal ventilation decreased during the initial months of 
the pandemic but remained stable from July 2020 
onward through December 2021.

• Increased incidence of CVD complications may 
reflect greater awareness of CVD risk from COVID-
19, changing patient demographics, and the influ-
ence of newer viral variants and treatments.

Nonstandard Abbreviations and Acronyms

CVD cardiovascular disease
ICU intensive care unit
MI myocardial infarction
VV ECMO  venovenous extracorporeal membrane 

oxygenation
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admissions were classified into a specific time epoch based 
on the date of hospital admission. Data analysis was performed 
using a de-identified database within a secure workspace on 
the American Heart Association Precision Medicine Platform 
(https://precision.heart.org/).34

Exposures
Demographics, CV risk factors, and other major comorbidi-
ties were summarized, both for the overall study duration and 
for each time epoch. Race and ethnicity were obtained from 
the medical record by local data abstractors. Prior CVD was 
defined as a history of myocardial infarction (MI), coronary 
artery bypass surgery, prior percutaneous coronary intervention, 
stroke, peripheral arterial disease, heart failure, congenital heart 
disease, atrial fibrillation, or atrial flutter. Atherosclerotic cardio-
vascular disease was defined as history of MI, stroke, coronary 
artery bypass surgery, percutaneous coronary intervention, or 
peripheral vascular disease. A composite of CVD risk factors 
was also defined, which included diabetes, dyslipidemia, hyper-
tension, smoking, and obesity (body mass index ≥30). Severity 
of illness at time of presentation was assessed using the quick 
sequential organ failure assessment score.35,36 Medications, 
including use of glucocorticoids, remdesivir, hydroxychloro-
quine, convalescent plasma, and tocilizumab, were abstracted 
from the medical record. Vaccination status was not captured 
systematically in the registry.

Outcomes
The primary CVD composite outcome included MI, stroke, new 
heart failure, cardiogenic shock, and in-hospital death due to 
cardiovascular causes. Secondary outcomes included the com-
posite of major adverse cardiovascular events (defined as car-
diovascular death, MI, stroke, or coronary revascularization), and 
the individual outcomes of MI, stroke, new heart failure, cardio-
genic shock, atrial fibrillation, deep vein thrombosis, pulmonary 
embolism, in-hospital all-cause death, and cardiovascular death. 
Outcomes were captured by abstractors at each of the hospitals 
participating in the registry and were not centrally adjudicated.

We also evaluated time trends in therapeutic interventions 
for hospitalized patients, including COVID-19 medications, 
use and duration of mechanical ventilation, hospital and inten-
sive care unit (ICU) length of stay, use of kidney replacement 
therapy, and use of venovenous extracorporeal membrane 
oxygenation. The use of cardiovascular procedures, including 
echocardiography and coronary angiography, was also evalu-
ated across time epochs.

Statistical Analysis
Patient characteristics were described for the study period as 
a whole as well as for each time epoch. The primary and sec-
ondary outcomes were described using incidence estimates for 
the overall study period and for each time epoch. Categorical 
variables were analyzed across time epochs using the Cochran-
Armitage test, while continuous variables were analyzed using 
trend tests for continuous variables.

We also performed risk-adjusted analyses of the composite 
outcome, use of mechanical ventilation, and all-cause in-hos-
pital mortality. This adjusted analysis used prespecified vari-
ables that were identified in a prior risk-adjusted analysis of the 

registry examining the period from March to November 2020.37 
Variables included in the model were age, sex, history of coro-
nary revascularization, cancer, cerebrovascular disease, chronic 
kidney disease, diabetes, heart failure, hypertension, pulmonary 
disease, smoking, body mass index, admission vital signs, need 
for supplemental O2 on admission, interstitial infiltrate present 
on admission, and admission creatinine. Risk-adjusted time 
trends were performed using generalized linear mixed-effects 
models, with random effects for each hospital to account for 
the clustering of patients within hospitals. A logit link function 
with a binary distribution was used for the models. Exposure 
and covariates in the main analysis had <5% missing data and 
thus no imputation was performed; only patients with complete 
data were included in the regression analysis. However, as a 
sensitivity analysis, we used the missing-indicator method so 
that each participant could still be included in the analysis to 
maintain statistical power. We found no appreciable differences 
in results, and for clarity and ease of interpretation, we show 
the complete-case analysis. Secondary adjusted analyses were 
repeated after censoring data from March to June 2020 to 
allow assessment of time trends after the initial months of the 
pandemic. All analyses were performed on the American Heart 
Association Precision Medicine Platform using SAS software 
(version 9.4), with statistical significance defined as a 2-sided 
P value <0.05.

RESULTS
A total of 46 007 patient admissions from 134 hospitals 
were included in the present study (Table 1). Mean±SD 
age was 62±18 years, and males comprised 53% of the 
population. White patients represented 51% of the over-
all cohort, Black patients 22%, and patients of Hispanic 
ethnicity 19%. CVD risk factors were present in 84% of 
patients. A large proportion of patients also had preexist-
ing CVD (28%), of which the most common preexisting 
cardiovascular condition was atherosclerotic cardiovas-
cular disease in 20% of patients.

Changes in Demographics and Clinical 
Characteristics Over the Course of the 
Pandemic
Patients admitted during the earlier time epochs portions 
tended to be older than those admitted from March 2021 
onward and were less likely to have preexisting CVD 
(Ptrend

<0.0001, Figure 1A and 1B; Table 1). The propor-
tion of obese patients was 49% overall, with a modest 
trend towards increased rates of obesity later in the study 
period (Ptrend

<0.0001). Severity of illness on admission, as 
assessed by quick sequential organ failure assessment 
score, did not change significantly over the study period.

COVID-19 Therapies
Medical therapy for COVID-19 evolved throughout the 
pandemic (Figure S1). The earliest stages of the pandemic 

https://precision.heart.org/
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.009652
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saw a large proportion of patients receive hydroxychloro-
quine, which decreased rapidly to very low levels during 
subsequent periods of the pandemic (≤1% of patients from 
January 2021 onward). The administration of convalescent 

plasma increased from the early portion of the pandemic 
with peak usage in October to December 2020 followed 
subsequently by decreased use. Treatment with glucocor-
ticoids and remdesivir increased significantly over time; 

Table 1. Baseline Characteristics of Admitted Patients With COVID-19

Variable Overall 
March 
2020 

2020 
April–June 

2020 July–
September 

2020 
October–
December 

2021 
January–
March 

2021 
April–June 

2021 July–
September 

2021 
October–
December 

P value 
for trend 

Number of cases 46 007 5548 13 446 5417 13 786 2810 1008 2449 1543  

Number of centers 134 106 98 73 100 30 31 23 13  

Age, y 61.8 61.0 62.2 60.5 64.3 63.3 54.7 56.3 55.3 0.001

Male, % 53.0 56.8 53.3 50.9 53.0 51.8 51.7 51.6 49.8 <0.0001

Race/ethnicity, %

White 50.7 32.2 36.8 47.4 63.9 66.1 56.1 73.3 64.4 <0.0001

Black 21.5 27.0 25.7 26.7 15.3 18.9 24.8 15.0 16.0 <0.0001

Asian 3.0 4.5 4.1 2.5 2.3 1.8 2.2 0.6 1.8 <0.0001

Hispanic 19.4 26.6 27.6 18.3 14.5 9.6 12.2 7.7 9.0 <0.0001

Insurance status, %

Medicare 26.0 22.5 25.4 27.5 29.2 28.9 20.2 18.8 18.4 0.03

Medicaid 14.3 17.6 18.9 13.0 11.1 12.2 15.7 8.4 8.0 <0.0001

Private 34.6 36.6 33.4 32.8 35.5 32.7 36.5 37.2 36.1 0.03

No insurance/self-pay 7.2 10.4 8.9 7.8 4.2 3.7 8.7 9.3 8.5 <0.0001

 

CVD risk factors 
(composite), %

84.2 79.0 82.5 85.1 87.2 88.2 83.8 84.5 80.0 <0.0001

Chronic kidney 
disease

13.6 11.7 14.4 13.4 14.7 16.3 9.9 8.4 10.0 0.0001

ESRD 3.1 3.6 3.6 3.5 2.5 2.9 1.6 1.5 3.5 <0.0001

Smoking 7.8 6.3 6.7 7.6 7.1 10.9 10.3 12.5 14.3 <0.0001

Hypertension 59.9 55.3 59.8 61.6 63.7 64.9 53.1 51.9 47.1 0.0003

Diabetes 35.3 32.7 36.6 37.5 35.2 38.5 32.4 31.7 28.1 <0.0001

Obesity 49.2 46.9 46.0 50.0 50.8 50.0 58.6 56.1 47.9 <0.0001

Class III obesity 14.3 12.5 13.2 15.4 14.2 14.5 19.1 17.9 15.6 <0.0001

Weight, kg 89.5 89.0 86.9 90.3 90.1 90.5 95.7 94.8 89.6 <0.0001

BMI, kg/m2 31.4 31.1 30.9 31.8 31.6 31.6 33.1 32.7 31.3 <0.0001

 

Prior CV disease 
(composite), %

27.7 24.4 28.9 26.4 30.1 31.0 18.4 20.3 22.6 <0.0001

ASCVD 19.5 17.8 20.5 19.2 20.7 21.9 12.5 14.6 15.1 <0.0001

Atrial fibrillation 10.4 7.0 10.5 9.9 12.6 12.2 7.1 7.2 8.9 0.03

Heart failure 12.8 9.3 12.8 13.0 14.0 16.3 9.9 10.7 12.3 0.001

DVT 3.9 3.0 3.7 3.8 4.5 5.2 2.7 2.7 4.5 0.01

PE 2.8 2.4 2.5 2.7 3.2 3.6 2.4 2.6 3.4 0.002

Illness severity on admission

qSOFA score 
(mean±SD)

0.54±0.6 0.43±0.6 0.59±0.7 0.51±0.6 0.52±0.6 0.55±0.7 0.55±0.6 0.58±0.6 0.50±0.6 0.0004

qSOFA score ≥2 (%) 6.9 5.0 8.4 5.6 6.6 7.3 5.9 7.8 6.5 0.97

Due to the large sample size, some modest trends demonstrate statistical significance but are of limited clinical significance. The composite of prior CV disease 
consists of prior MI, CABG, prior PCI, cerebrovascular disease, congenital heart disease, heart failure, peripheral vascular disease, atrial fibrillation, or atrial flutter. ASCVD, 
a composite of stroke, peripheral vascular disease, prior CABG, prior MI, prior PCI. The composite of CVD risk factors consists of diabetes, dyslipidemia, hypertension, 
smoking, obesity (BMI≥30). The qSOFA score range is from 0 to 3 points, with 1 point each for admission respiratory rate ≥22, confusion/altered mental status on 
admission, and admission systolic blood pressure ≤100 mmHg. ASCVD indicates atherosclerotic cardiovascular disease BMI, body mass index; CABG, coronary artery 
bypass surgery; CV, cardiovascular; CVD, cardiovascular disease; DVT, deep vein thrombosis; ESRD, end-stage renal disease; MI, myocardial infarction; PCI, percutaneous 
coronary intervention; PE, pulmonary embolism; and qSOFA, quick sequential organ failure assessment. Class III obesity, BMI≥40. 
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ultimately 54% and 33% of the entire cohort received 
glucocorticoids or remdesivir, respectively. Tocilizumab was 
used in 7% of the overall cohort.

Cardiovascular Outcomes and Diagnostics
Over the entire study period, the crude incidence of the 
primary composite outcome was 7.5% (Table 2; Fig-
ure 2); among those with a history of prior CVD, the inci-
dence was 12.2%, compared with 5.9% in those with no 
history of prior CVD. The incidence of the primary out-
come increased from 7.0% in March 2020 to 9.8% in the 
October to December 2021 epoch (Ptrend

<0.0001). After 
adjustment for baseline demographics, comorbidities, 
and illness severity on admission, the rate of the primary 
cardiovascular outcome was higher in later time epochs 
(adjusted P=0.006), as well as in the secondary analy-
sis restricted to the period from July 2020 to December 
2021 (adjusted P=0.006).

Among components of the primary outcome, MI and 
stroke were relatively uncommon, occurring in 3.6% and 
1.8% of the cohort over the entire study period, but the 
incidence of both diagnoses rose modestly with time 
(Table 2; Figure S2A and S2B). ST-elevation MI (STEMI) 
was rare, reported in only 0.3% of patients in the reg-
istry. New heart failure occurred in 2% of patients with 
no change over time (Figure S2C). A total of 10.7% of 
patients experienced shock of any type, of which cardio-
genic shock was rare throughout the study period (0.7% 
of all patients). The overall incidence of venous thrombo-
embolism increased over time, driven by an increase in 
diagnosed pulmonary embolism (Ptrend

<0.0001; Table 2; 
Figure S2D). Rates of diagnosed deep vein thrombosis 
were stable during the study period (Table 2).

All-cause in-hospital mortality for the entire study period 
was 14.2%. Mortality was highest in March 2020 (20.8%), 
with significantly decreased rates of crude and risk-adjusted 
hospital mortality over subsequent time epochs (Figure 3; 

Figure 1. Temporal trends in the age 
and past medical history of patients 
admitted with COVID-19.
A, Age. Error bars represent the SD. B, 
Medical history. The composite of prior 
cardiovascular (CV) disease consists 
of prior myocardial infarction, coronary 
artery bypass surgery, prior percutaneous 
coronary intervention, cerebrovascular 
disease, congenital heart disease, heart 
failure, peripheral vascular disease, atrial 
fibrillation, or atrial flutter.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.009652
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.009652
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.009652
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unadjusted Ptrend
<0.0001 and adjusted Ptrend

<0.0001). 
When the analysis was restricted to the period between 
July 2020 and December 2021, no significant change in 
mortality was observed (unadjusted Ptrend=0.24, adjusted 
Ptrend=0.63). Cardiovascular mortality was rare throughout 
the study period with 1.0% of the overall cohort experi-
encing death due to MI, heart failure, cardiogenic shock, 
or stroke. Overall, 9% of deaths were attributed to a car-
diovascular cause, with respiratory causes representing the 
72% of deaths. A “do-not-resuscitate” order was placed on 
21.7% of all patients in the study with declining rates over 
the course of the pandemic (Table 3).

Noncardiac Outcomes and Resource Utilization
A total of 17% of the cohort required mechanical ventila-
tion. Similar to all-cause mortality, rates of mechanical ven-
tilation fell markedly in the initial months of the pandemic, 
with no consistent change thereafter (Figure S3). When 
the analysis was restricted to the period from July 2020 
to December 2021, no change in the use of mechanical 
ventilation was observed (unadjusted Ptrend=0.34, adjusted 
Ptrend=0.12). The proportion of patients who received ICU 
care increased from 17.3% during March 2020 to 30.7% 
by October to December 2021(Ptrend

<0.001; Table 3). Hos-
pital and ICU length of stay and duration of mechanical ven-
tilation all showed modest decreases over the study period. 
Echocardiography was used more frequently in later time 
epochs (Figure S4). Invasive coronary angiography was 

rarely used, with 0.6% of all patients undergoing invasive 
angiography and about half of those undergoing percuta-
neous coronary intervention.

DISCUSSION
In this analysis of a large multicenter registry of hospi-
talized patients with COVID-19, we found that despite 
a changing risk factor profile towards a younger patient 
population with lower rates of preexisting CVD, the inci-
dence of diagnosed cardiovascular complications of 
COVID-19 increased from the beginning of the pandemic 
through the end of 2021. This was driven predominantly 
by increased rates of MI and stroke. All-cause mortality 
and the use of mechanical ventilation declined during the 
initial months of the pandemic but remained stable from 
July 2020 through December 2021.

Shifting Risk Factor Profiles and Therapies
Within the registry cohort, the early stages of the pandemic 
were marked by an older population, a large number of 
whom had existing CVD. Black and Hispanic patients also 
made up a large proportion of COVID-19 patients during this 
period, consistent with findings seen in other cohorts.38,39 In 
contrast, the patient population during the later stages of 
the pandemic tended to be younger with a lower proportion 
of Black and Hispanic patients, fewer comorbidities, and a 
lower prevalence of prior CVD. This shift toward a younger 

Table 2. Cardiovascular Outcomes of Hospitalized Patients

Outcome (%) Overall 
March 
2020 

2020 
April–
June 

2020 July–
September 

2020 
October–
Dec 

2021 
January–
March 

2021 
April–
June 

2021 July–
September 

2021 
October–
December 

P value 
for trend 

Number of cases 46,007 5,548 13,446 5,417 13,786 2,810 1,008 2,449 1,543  

Number of centers 134 106 98 73 100 30 31 23 13  

Primary outcome

In-hospital CV death, MI, stroke, 
new HF, or cardiogenic shock

7.5 7.0 7.2 8.5 6.3 10.3 9.2 8.8 9.8 <0.0001

Secondary outcomes

All-cause in-hospital mortality 14.2 20.8 15.1 11.9 11.7 15.0 11.2 14.9 10.8 <0.0001

In-hospital CV mortality 1.0 1.9 1.3 1.1 0.5 1.0 0.8 0.8 0.9 <0.0001

CV death, MI, stroke, coronary 
revascularization

5.8 5.1 5.6 6.8 4.8 7.7 7.2 7.2 8.2 <0.0001

Myocardial infarction 3.6 2.3 3.4 4.3 3.4 4.8 3.8 4.7 4.0 <0.0001

Stroke 1.8 1.1 1.3 1.9 2.0 2.4 2.8 2.2 4.4 <0.0001

New heart failure 2.0 1.8 1.9 2.2 2.1 2.9 2.3 1.8 1.3 0.61

Shock 10.7 16.4 12.1 9.3 7.6 7.1 9.7 10.9 12.0 <0.0001

Cardiogenic shock 0.7 1.0 0.6 0.5 0.6 0.8 1.0 0.9 1.8 0.004

Cardiac arrest 3.9 7.6 3.8 3.6 3.1 2.7 2.9 3.9 2.0 <0.0001

Atrial fibrillation 9.2 7.9 8.8 7.9 10.8 11.5 7.3 8.4 7.8 0.01

DVT 2.3 2.4 2.4 2.5 1.9 2.2 2.2 3.1 2.6 0.72

PE 2.6 1.3 1.9 2.6 3.0 3.3 4.1 3.7 4.7 <0.0001

Due to the large sample size some modest trends demonstrate statistical significance but are of limited clinical significance. CV indicates cardiovascular; DVT, deep 
vein thrombosis; HF, heart failure; MI, myocardial infarction; and PE, pulmonary embolism.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.009652
https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.122.009652
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population after March 2021 may be a reflection of wide-
spread vaccination of older adults during early 2021, as 
close to three-quarters of Americans age ≥65 years old had 
received at least one dose of a vaccine by April 1, 2021.40 
Unvaccinated individuals comprised the majority of COVID-
19 cases and deaths from April to December 2021 in data 
gathered from 25 US jurisdictions by the Centers for Dis-
ease Control.41 While vaccination status was not assessed 
in our study and thus no conclusions can be drawn from our 
data regarding the effect of vaccination on CV outcomes, it 
is likely that an increasing proportion of patients in our reg-
istry who were admitted with COVID-19 from April 2021 
onward were unvaccinated.

We observed significant changes in therapies for 
COVID-19 in response to rapidly evolving evidence. 
Hydroxychloroquine was used in more than one-third of 
patients during the first portion of the pandemic, with use 
declining significantly to ~1% after it was found to lack 
benefit in a randomized controlled trial.42 Likewise, the 
use of remdesivir and glucocorticoids both increased sig-
nificantly after preliminary reports of the Adaptive Covid-
19 Treatment Trial (ACTT-1) and Recovery trials in May 
2020 and July 2020, respectively.3,4

Increased Diagnosis of CVD Complications
Reported cardiovascular complications of COVID-19 
increased over time, driven primarily by modest increases 
in MI and stroke, as well as increased diagnosis of pulmo-
nary embolism. These trends are likely mediated at least 
in part by greater recognition and intensified screening 
for CVD and venous thromboembolism complications. 
Diagnosis of venous thromboembolism, in particular, may 
have been influenced by early reports that described 
a high incidence of deep vein thrombosis/pulmonary 
embolism.24,43 It remains noteworthy, however, that these 
increases in diagnosed MI and stroke occurred despite 

the shift toward a younger population with lower rates 
of established cardiovascular disease. There remained a 
statistically significant increase in cardiovascular compli-
cations on risk-adjusted analysis as well. As expected, the 
rate of the primary outcome was higher among patients 
with a prior history of CVD but occurred not infrequently 
even among those without a prior CVD history.

Consistent with other cohorts, new heart failure and 
cardiogenic shock were uncommon within our study 
population.22,23 Likewise, cardiovascular mortality rep-
resented a small fraction of the overall mortality seen 
among the study cohort, with the bulk of mortality driven 
by respiratory causes.

Mortality, Mechanical Ventilation, and Resource 
Utilization
We observed a decrease in both crude and adjusted all-
cause mortality over the course of the study period, data 
which are consistent with reports from the initial phases 
of the pandemic.37,44,45 We also observed a decrease in 
the use and duration of mechanical ventilation over the 
entire study period. However, large reductions in these 
outcomes appeared early in the pandemic with no signifi-
cant further improvement over the period from July 2020 
to December 2021. These early improvements likely in 
part reflect rapid introduction of new therapies such 
as remdesivir and corticosteroids as well as increasing 
expertise in managing COVID-19 respiratory complica-
tions by clinicians, including increased use of noninvasive 
ventilation, delayed intubation, proning, and more rapid 
extubation.11 It is noteworthy that all-cause mortality and 
use of mechanical ventilation remained high during the 
later stages of the study period despite the changing risk 
profile of admitted patients as well as advances in ther-
apy, with 12% mortality and 15% requiring mechanical 
ventilation from July 2020 onwards.

Figure 2. Incidence of the primary 
composite cardiovascular outcome in 
hospitalized patients with COVID-19.
The primary composite outcome consists 
of cardiovascular death, cardiogenic 
shock, new heart failure, stroke, and 
myocardial infarction.
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ICU utilization increased significantly over time, sug-
gesting that significant rationing of ICU level care may 
have occurred during the early phases of the pandemic. 
The increased availability of critical care resources may 
have also played a role in the improvement in overall mor-
tality seen after the initial months of the pandemic. Both 
hospital and ICU length of stay declined with time, sug-
gesting a potential benefit of medical therapies as well as 
increasing comfort with discharging patients for continued 
outpatient management. The use of echocardiography 
increased substantially during the pandemic, likely due to 
heightened awareness of potential cardiovascular compli-
cations of COVID-19 as well as greater comfort perform-
ing echocardiography among COVID-19 infected patients.

Limitations
Our observational study of hospitalized patients has sev-
eral limitations, which should be considered. Sample size 
and the number of centers contributing to the registry var-
ied over the course of the pandemic, due to both fluctuat-
ing numbers of patients admitted with COVID-19 as well 
as the voluntary nature of the registry. Given this variability, 
we did not use joint point regression to assess changes 
over shorter time intervals than the epochs described 
above. The number of patients enrolled and sites contrib-
uting data in the registry declined over the study period, 
a potential source of bias which should be considered 
when drawing inferences from our repeated cross-sec-
tional analyses. As a retrospective registry without central 
adjudication or a standardized protocol to screen for CV 
complications, additional unmeasured factors may also 
contribute to biases, most notably ascertainment bias. It 
is not possible to determine from our data to what degree 
the observed increase in the incidence of the primary out-
come occurred due to changes in the natural history of 

CVD complications associated with COVID-19 infection 
versus increased screening and awareness of cardio-
vascular complications of COVID-19. We did not analyze 
factors such as bed capacity or resource limitation during 
surges which may have affected both rates of diagnosis 
and outcomes, and our data did not capture vaccination 
status. Data are not available from January 2022 onward 
and thus we did not assess CVD complications during 
the Omicron surge. Novel therapeutic strategies such as 
paxlovid which emerged after December 2021 may affect 
CVD outcomes and were not captured within our study 
period. Multiple variants of the SARS-CoV-2 virus with 
differing biological properties predominated at different 
points over the study period.46 Our data did not capture 
viral genomics, and no inference can be made from our 
data on the impact of any specific viral variant on the risk 
of cardiovascular complications. Additionally, COVID-19 
surges impacted different regions of the U.S. at different 
times, and the approach used to categorize time epochs 
in our study does not account for these potential regional 
differences.

CONCLUSIONS
Through a longitudinal analysis of a large multicenter 
registry of hospitalized patients with COVID-19 through 
December 2021, we observed a shift over the course of 
the pandemic to a younger population of patients with 
fewer comorbidities and lower rates of established car-
diovascular disease. Despite this changing risk factor 
profile, the incidence of reported cardiovascular com-
plications of COVID-19 rose, driven primarily by modest 
increases in the diagnosis of stroke and MI. All-cause 
mortality and use of mechanical ventilation declined dur-
ing the early months of the pandemic, consistent with 
advances in the management of severe COVID-19 

Figure 3. All-cause in-hospital 
mortality among patients 
hospitalized with COVID-19.
Incidence of in-hospital mortality. P values 
shown are from the unadjusted trend 
analysis.



Circ Cardiovasc Qual Outcomes. 2023;16:e009652. DOI: 10.1161/CIRCOUTCOMES.122.009652 May 2023 349

Hall et al Temporal Trends in CVD Complications of COVID-19

infection, but remained persistently high throughout the 
rest of the study period. These data suggest that patients 
with COVID-19 infection severe enough to require 
admission may remain at substantial risk of cardiovascu-
lar morbidity and all-cause mortality.
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