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Although cardiovascular (CV) problems 
have been well described during acute 
COVID-19 infection, CV complications 

following the acute infection have not yet been 
clearly documented, since previous studies only 
looked at those hospitalised, explored a small 
range of CV events and had short follow-up 
times. The study by Xie and colleagues (2022), 
using the US Department of Veterans Affairs 
healthcare database, identified 153 760 people 
with acute COVID-19 infection between 
March 2020 and January 2021 who survived at 
least 30 days, and identified risk of a range of 
new, pre-specified, CV events occurring in the 
12 months post infection, with data collated 
depending on the severity of the acute infection 
and whether hospitalised or requiring intensive 
care input. 

The risk of the pre-specified CV events in 
those suffering COVID-19 were compared with 
the risk in the two control cohorts not known to 
have had COVID-19 – a contemporary cohort of 
more than 5.6 million controls and a historical 
cohort of more than 5.8 million controls from 
2017, prior to the COVID-19 pandemic. The 
absolute excess burden of CV conditions per 1000 
people at 12 months was calculated by comparing 
estimated incidence rates in the COVID-19 and 
contemporary control cohorts.

Risks and 12-month excess burdens for a 
selection of the conditions are shown in Table 1. 
The increased risk was demonstrated irrespective 
of age, sex and a range of CV disease risk 
factors (e.g. obesity, hypertension, CKD and 
hyperlipidaemia), with or without diabetes, even 
in those with no known CV disease prior to 
COVID-19 and, importantly, including those not 
hospitalised during the acute infection. Risks and 
excess burdens were consistent when compared 
with the historical control cohort rather than the 
contemporary cohort, suggesting the increased 
CV risks relate specifically to infection with 
COVID-19 and not to any other condition 
associated with the pandemic time period.

Of the COVID-19 cohort, 131 612 were 
managed in the community, 16 761 were 
hospitalised and 5388 were admitted to intensive 
care. When compared to the contemporary 
controls, there was a graded increase in both the 
risk and the excess burden at 12 months from 
non-hospitalised, through hospitalised, to those 
requiring intensive care. This occurred in each of 
the pre-specified CV conditions. 

Multiple possible mechanisms have been 
postulated, including persisting damage 
to cardiomyocytes or endothelial damage, 
complement-activated changes in coagulopathy, 
dysregulation of the renin–angiotensin–
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COVID-19 infection is associated with an increased risk and excess burden of new 

cardiovascular events at 12 months, even amongst those not hospitalised with the acute 

infection. For each of the pre-specified cardiovascular conditions explored, a gradient 

of risk was identified, depending on the severity of the acute infection and whether the 

person was hospitalised or required admission to an intensive care unit. The estimated 

excess risk of any cardiovascular outcome when comparing the COVID-19 cohort with 

the contemporary control cohort was 1.63, with an excess burden of 45.29 events per 

1000 people, and an excess burden of major adverse cardiovascular events (cardiovascular 

death, non-fatal MI or stroke) of 23.48 per 1000. Care pathways for those surviving 

COVID-19 infection should include review and assessment for cardiovascular conditions, 

even if not hospitalised during the acute infection. 
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aldosterone system or persisting increased 
immune response. 

As with the similar paper examining the 
incidence of new type 2 diabetes (Xie and Al-Aly, 
2022; discussed previously in Diabetes Distilled), 
although the excess burdens per 1000 people 
may initially appear small, when we consider the 
millions who have suffered COVID-19 in the 
UK, the excess burden on survivors and workload 
is likely to be very considerable. 

Limitations of the study include the 
predominantly male, Caucasian cohort in 
the Veterans Affairs database. Some of the 
contemporary cohort may have had undiagnosed 
COVID-19 infection, but this would be expected 

to reduce, rather than increase, the comparative 
risks and burdens between the COVID-19 and 
control cohorts. The evolving COVID-19 virus 
variants and impact of vaccination may affect the 
likelihood of CV outcomes following COVID-19 
infection. 

We already aim to optimise CV risk in 
people with diabetes, so should consider 
previous COVID-19 as an additional CV risk 
factor in future.� n
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Cardiovascular conditions Relative risk (95% CI)
Absolute excess 12-month 
burden per 1000 (95% CI)

Stroke and TIA 1.53 (1.45–1.61) 5.48 (4.65–6.35)

Atrial fibrillation 1.71 (1.64–1.79) 10.74 (9.61–11.91)

Pulmonary embolus 2.93 (2.73–3.15) 5.47 (4.90–6.08)

Major adverse cardiovascular 
outcome*

1.55 (1.50–1.60) 23.48 (21.54–25.48)

Any cardiovascular outcome 1.63 (1.59–1.68) 45.29 (42.22–48.45)

*Cardiovascular death or non-fatal stroke or non-fatal myocardial infarction.

CI = confidence intervals; TIA = transient ischaemic attack.

Table 1. Risks and 12-month excess burdens of incident cardiovascular 
outcomes for COVID-19.
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Post-acute sequelae of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)—the virus that causes coronavirus 
disease 2019 (COVID-19)—can involve the pulmonary and 

several extrapulmonary organs, including the cardiovascular sys-
tem1. A few studies have investigated cardiovascular outcomes in 
the post-acute phase of the COVID-19; however, most were limited 
to hospitalized individuals (who represent the minority of people 
with COVID-19), and all had a short duration of follow-up and a 
narrow selection of cardiovascular outcomes2–5. A comprehensive 
assessment of post-acute COVID-19 sequelae of the cardiovascular 
system at 12 months is not yet available, and studies of post-acute 
COVID-19 sequelae across the spectrum of care settings of the acute 
infection (non-hospitalized, hospitalized and admitted to intensive 
care) are also lacking. Addressing this knowledge gap will inform 
post-acute COVID-19 care strategies.

In this study, we used the US Department of Veterans Affairs 
national healthcare databases to build a cohort of 153,760 US 
veterans who survived the first 30 d of COVID-19 and two con-
trol groups: a contemporary cohort consisting of 5,637,647 users 
of the US Veterans Health Administration (VHA) system with 
no evidence of SARS-CoV-2 infection and a historical cohort 
(pre-dating the COVID-19 pandemic) consisting of 5,859,411 
non-COVID-19-infected VHA users during 2017. These cohorts 
were followed longitudinally to estimate the risks and 12-month 
burdens of pre-specified incident cardiovascular outcomes in the 
overall cohort and according to care setting of the acute infection 
(non-hospitalized, hospitalized and admitted to intensive care).

Results
There were 153,760, 5,637,647 and 5,859,411 participants in the 
COVID-19, contemporary control and historical control groups, 
respectively (Fig. 1). Median follow-up time in the COVID-19, 
contemporary control and historical control groups was 347 (inter-
quartile range, 317–440), 348 (318–441) and 347 (317–440) d, 

respectively. The COVID-19, contemporary control and historical 
control groups had 159,366, 5,854,288 and 6,082,182 person-years 
of follow-up, respectively, altogether corresponding to 12,095,836 
person-years of follow-up. The demographic and health character-
istics of the COVID-19, contemporary control and historical control 
groups before and after weighting are presented in Supplementary 
Tables 1 and 2, respectively.

Incident cardiovascular diseases in COVID-19 versus contem-
porary control. Assessment of covariate balance after application 
of inverse probability weighting suggested that covariates were well 
balanced (Extended Data Fig. 1a).

We estimated the risks of a set of pre-specified cardiovascular out-
comes in COVID-19 versus contemporary control; we also estimated 
the adjusted excess burden of cardiovascular outcomes due to COVID-
19 per 1,000 persons at 12 months on the basis of the difference 
between the estimated incidence rate in individuals with COVID-19 
and the contemporary control group. Risks and burdens of individual 
cardiovascular outcomes are provided in Fig. 2 and Supplementary 
Table 3 and are discussed below. Risks and burdens of the composite 
endpoints are provided in Fig. 3 and Supplementary Table 3.

Cerebrovascular disorders. People who survived the first 30 d of 
COVID-19 exhibited increased risk of stroke (hazard ratio (HR) = 
1.52 (1.43, 1.62); burden 4.03 (3.32, 4.79) per 1,000 persons at 12 
months; for all HRs and burdens, parenthetical ranges refer to 95% 
confidence intervals (CIs)) and transient ischemic attacks (TIA) 
(HR = 1.49 (1.37, 1.62); burden 1.84 (1.38, 2.34)). The risks and 
burdens of a composite of these cerebrovascular outcomes were 1.53 
(1.45, 1.61) and 5.48 (4.65, 6.35).

Dysrhythmias. There were increased risks of atrial fibrillation  
(HR = 1.71 (1.64, 1.79); burden 10.74 (9.61, 11.91)), sinus tachycardia 
(HR = 1.84 (1.74, 1.95); burden 5.78 (5.07, 6.53)), sinus bradycardia  
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The cardiovascular complications of acute coronavirus disease 2019 (COVID-19) are well described, but the post-acute car-
diovascular manifestations of COVID-19 have not yet been comprehensively characterized. Here we used national healthcare 
databases from the US Department of Veterans Affairs to build a cohort of 153,760 individuals with COVID-19, as well as 
two sets of control cohorts with 5,637,647 (contemporary controls) and 5,859,411 (historical controls) individuals, to esti-
mate risks and 1-year burdens of a set of pre-specified incident cardiovascular outcomes. We show that, beyond the first 30 d 
after infection, individuals with COVID-19 are at increased risk of incident cardiovascular disease spanning several categories, 
including cerebrovascular disorders, dysrhythmias, ischemic and non-ischemic heart disease, pericarditis, myocarditis, heart 
failure and thromboembolic disease. These risks and burdens were evident even among individuals who were not hospitalized 
during the acute phase of the infection and increased in a graded fashion according to the care setting during the acute phase 
(non-hospitalized, hospitalized and admitted to intensive care). Our results provide evidence that the risk and 1-year burden of 
cardiovascular disease in survivors of acute COVID-19 are substantial. Care pathways of those surviving the acute episode of 
COVID-19 should include attention to cardiovascular health and disease.
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