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Abstract  1 

Background: Long COVID syndrome has had a major impact on million patients’ lives 2 

worldwide. The cardiovascular system is an important aspect of this multifaceted disease that 3 

may manifest in many ways. We have hereby performed a narrative review in order to identify 4 

the extent of the cardiovascular manifestations of the Long COVID syndrome.  5 

Methods and Results: An in-depth systematic search of the literature has been conducted for 6 

this narrative review. The systematic search of PubMed and Cochrane databases yielded 3,993, 7 

of which 629 underwent full text screening. A total of 78 studies were included in the final 8 

qualitative synthesis and data evaluation. The pathophysiology of the cardiovascular sequelae 9 

of Long COVID syndrome and the cardiac manifestations and complications of Long COVID 10 

syndrome are critically evaluated. In addition, potential cardiovascular risk factors are assessed, 11 

and preventive methods and treatment options are examined in this review.   12 

Conclusions: This systematic review poignantly summarises the evidence from the available 13 

literature regarding the cardiovascular manifestations of Long COVID syndrome and reviews 14 

potential mechanistic pathways, diagnostic approaches, preventive measures and treatment 15 

options. 16 

 17 

Introduction 18 

The post-acute sequelae of coronavirus disease 2019 (COVID-19) infection has become the 19 

focus of attention of the public, patients, clinicians, and researchers worldwide. After facing the 20 

immediate consequences of infection with the severe acute respiratory syndrome coronavirus 2 21 
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(SARS‑CoV‑2) strain, millions of people are confronted with persistent post viral symptoms that 1 

may have a major impact in their daily lives.  2 

‘Long COVID’ or ‘Post COVID-19 condition’, as officially named by the World Health 3 

Organization, has been defined as the ‘continuation or development of new symptoms 3 4 

months after the initial SARS-CoV-2 infection, with the symptoms lasting for at least 2 months 5 

with no other explanation’ [1]. These symptoms may affect any body system and may fluctuate 6 

or change over time [1,2]. Evidence suggests that up to 45% of COVID-19 survivors are 7 

experiencing persistent symptoms at 4 months post the acute infection [3]. In the United 8 

Kingdom, it is reported that Long COVID has resulted in limitation of the day-to-day activities of 9 

1.7 million people [4]. These ‘long haulers’ may encounter a variety of symptoms, such as 10 

fatigue, shortness of breath, cough, aches and cognitive dysfunction, to name but a few [3,5].  11 

Cardiovascular (CV) disease is part of this post-acute infection sequelae with many patients 12 

having symptoms or complications indicative of arrhythmias, ischaemic or thrombotic events, 13 

inflammation and some even suffering cardiac arrest and sudden death [6]. Undeniably, the 14 

Long COVID syndrome has a multifaceted interplay with the CV system, with the latter having 15 

an important role not only in the presentation but also in the pathophysiology and risk 16 

stratification of Long COVID.  17 

We have conducted a systematic search of the published literature in order to critically assess 18 

how Long COVID syndrome may impact the CV system. More particularly, the aim of this 19 

systematic review was to evaluate the possible pathophysiological mechanisms that lead to CV 20 

symptoms and complications of Long COVID syndrome. In addition, we evaluated the potential 21 

risk factors, preventative mechanisms and treatment options of Long COVID related CV disease.  22 
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Methodology 1 

The methodology for the conduct of the systematic search for this narrative review is provided 2 

in full in Supplementary Table 1. In brief, Cochrane and PubMed databases were searched for 3 

clinical studies on cardiovascular disease as part of Long Covid-19 from inception to July 9, 4 

2022. Search results were imported for abstract screening. After removal of the duplicates, 5 

each record was screened by two any independent co-authors of this manuscript. 6 

Disagreements were resolved by discussion with the senior authors VSV and GZB, after which 7 

consensus was achieved. 8 

The study has been registered to PROSPERO (registration number CRD42023478892) and has 9 

been reported according to Preferred Reporting Items for Systematic Reviews and Meta-10 

Analyses (PRISMA) guidelines (Supplementary Figure 1).  11 

 12 

Results 13 

The full Results are included in the supplementary material (Supplementary table 1, 14 

supplementary table 2, supplementary figure 1). In brief, a total of 3993 studies were identified. 15 

After removing the duplicates and title/abstract screening, 629 articles underwent full -text 16 

evaluation. Out of these, a total of 78 studies were included in this systematic synthesis which 17 

guided the review.  18 

 19 

Cardiovascular disease and Long COVID  20 

Pathophysiology of cardiovascular sequelae of Long COVID syndrome  21 
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The mechanisms perpetuating the post-acute COVID-19 sequelae in the CV system are complex 1 

and remain incompletely understood. After direct viral invasion, SARS-CoV-2 uses the 2 

angiotensin converting enzyme 2 (ACE2) receptor to enter the host cell and replicate. Despite 3 

the fact that imbalance of the renin-angiotensin system (RAS) has a central role in the 4 

pathophysiology of the acute infection, neither the serum levels of ACE2 nor the medications 5 

affecting the RAS axis have been shown to have an effect on the presentation or severity of 6 

COVID-19 infection [7–11]. Similarly, there is no definitive evidence to suggest that RAS 7 

imbalance or ACE2 dysregulation are implicated in the pathogenesis of Long COVID and its CV 8 

complications [12].   9 

While there is data implying a link between genetic predisposition and acute COVID-19 severity 10 

[13–15], less is known about the genetics of Long COVID syndrome. Global collaborations have 11 

been established to ascertain if there are genetic determinants of Long COVID. The Long COVID 12 

Host Genetics Initiative with data from 23 countries have conducted genome-wide association 13 

studies (GWAS) of individual cohorts and have suggested potential variants associated with 14 

Long COVID but without genome-wide statistical significance [16–18]. Nevertheless, this is 15 

ongoing work with the study sizes in each cohort gradually increasing, therefore this could 16 

change in the future.  As such, it remains unclear whether there is genetic predisposition to 17 

Long COVID and its CV manifestations. Continuing work from research groups internationally 18 

aim to shed more light in this matter and determine if gene mutations affect the immune 19 

response to COVID-19 infection and predispose individuals to lingering symptoms [19]. 20 

Immunity and its response to infection with SARS-CoV-2 has a key role in the development of 21 

Long COVID, with multi-omic profiling revealing significant association of specific Long COVID 22 
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endotypes and immunological profiles [20,21]. Re-activation of other viruses, exacerbation of 1 

pre-existing co-morbidities and significant organ injury are some of the factors that may be 2 

contributing to an unheralded immunological response [22]. Prolonged symptoms post the 3 

acute infection have been shown to be aligned with a persistently augmented antigen-specific T 4 

cell response and raised antibody level [23]. A specific immune response for the SARS-CoV-2 5 

virus has been found to persist for 9 or more months after the acute infection, with elevated B 6 

and T cells [24,25]. However, antibodies and T cells have been found to be elevated in the 7 

majority of the patients 3 months after the acute COVID-19 infection [26].  8 

While it remains unclear if certain immunological phenotypes translate to increased 9 

susceptibility to Long COVID syndrome, it is established that the immune system is implicated in 10 

the pathogenesis of cardiac arrhythmias. Auto-immune and inflammatory cardiac 11 

channelopathies may promote arrhythmias via auto-antibodies and cytokines respectively [27]. 12 

Inflammatory cytokines, such as tumour necrosis factor alpha (TNF-a), interleukin-1 (IL-1) and 13 

interleukin-6 (IL-6) can be arrhythmogenic and this phenomenon is observed after a systemic 14 

inflammatory response to a pathogen, including SARS-CoV-2. Indeed, the levels of the cytokine 15 

triad of TNF-a, IL-1 and IL-6 have been shown to be substantially elevated for prolonged periods 16 

in patients with Long COVID [28–31]. TNF-a and IL-6 are known to be implicated in the 17 

pathophysiology of myocardial infarction, inflammation and heart failure regardless of acute 18 

infection with extrinsic pathogens [32–34]. In addition, patients with Long COVID have been 19 

shown to have auto-antibodies specifically against components of the cardiovascular system, 20 

including anti-cardiolipin and anti-apolipoprotein A-1 antibodies, both of which are linked with 21 

cardiovascular events and worse outcomes [35]. However, it remains to be clarified if they have 22 
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a significant or a different role in the mechanistic pathways of cardiovascular disease in the 1 

setting of Long COVID.   2 

The combination of viral toxicity with the patient’s immune and inflammatory response 3 

contributes to the presentation of the CV sequelae in Long COVID syndrome. While the role of 4 

genetic vulnerability remains to be determined some studies have identified specific loci and 5 

predisposition to Long COVID [14,15,18] (Figure 1).  6 

 7 

Figure 1 Following the acute infection, inflammatory and immune response may contribute to 8 

the development of Long COVID syndrome. Imbalance of the RAS axis and genetic predisposition 9 

may also have a role, however this has not been confirmed from current evidence (Image 10 

created with BioRender.com). 11 

 12 

Cardiovascular disease as risk factor for Long COVID syndrome 13 

Certain cardiac pathologies have been shown to increase the risk of Long COVID syndrome. In a 14 

study that included 198,601 patients with Long COVID, Ioannou et al. showed that patients with 15 
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pre-existing congestive heart failure have 34% higher risk of developing Long COVID compared 1 

to those who did not have pre-established heart failure [36]. In the same study, it was found 2 

that patients with ischaemic heart disease and previous myocardial infarction had a significantly 3 

higher risk of suffering with the persistent symptomatology of the post-acute COVID-19 4 

condition [36]. Furthermore, a recent meta-analysis of 860,783 patients demonstrated that 5 

patients with ischaemic heart disease have 28% higher risk of developing Long COVID syndrome 6 

[37].  7 

There is, however, conflicting evidence regarding other pre-existing cardiac conditions and their 8 

contribution in the development of Long COVID syndrome. Two studies showed that pre-9 

existing hypertension is not linked with the development of the post-acute COVID-19 sequelae 10 

[38,39]. In a meta-analysis of 10 longitudinal studies in the United Kingdom, it was shown that 11 

neither hypertension nor hypercholesterolaemia were significant predictors of Long COVID 12 

[40]. However, these data contradict the results of a cross-sectional study of 442 patients, 13 

which showed that the risk of developing – specifically cardiac-related – Long COVID symptoms 14 

were two-times higher in those with underlying CV diseases or risk factors, including 15 

hypertension, dyslipidaemia, atrial fibrillation, heart failure and valvular heart disease [41].  16 

Obesity has been shown by several studies to be an important independent risk factor for the 17 

development of Long COVID syndrome [37,42–44]. In the Post-hospitalisation COVID-19 18 

(PHOSP-COVID) study, which included 2,320 patients, it was shown that obese patients were 19 

50% less likely to recover fully 12 months after their acute COVID-19 infection [45].  This 20 

observation could be explained by the immunological role the adipose tissue has in its ability to 21 
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become a reservoir for viruses, including the SARS-CoV-2, and the promotion of persistent 1 

systemic inflammation and endothelial dysfunction [44,46].  2 

Pre-existing diabetes has also been shown to be a significant risk factor for Long COVID 3 

syndrome, although this has not been confirmed by all studies in the field [47]. In a meta-4 

analysis of 10 longitudinal cohorts, diabetes was not shown to be a significant risk factor for 5 

Long COVID [40], a finding which was in agreement with other studies [39,48,49].  However, a 6 

larger meta-analysis of 18 studies and 259,978 patients showed that patients with diabetes are 7 

6% more likely to develop Long COVID syndrome, a risk significant although small [37].  8 

In conclusion, there is strong evidence demonstrating that pre-existing obesity, heart failure 9 

and ischaemic heart disease are significant risk factors for the development of long COVID 10 

syndrome. However, there is conflicting data in literature about other CV diseases such as 11 

hypertension, cholesterol, atrial fibrillation and diabetes mellitus.  12 

Table 1 provides a summary of  studies that have examined cardiovascular diseases as risk 13 

factors for Long COVID.  14 

Table 1 Summary of studies investigating the cardiovascular diseases that increase the risk of 15 

Long COVID 16 

Study Study design Population  Follow-up Main findings 

Abdelrahman et 

al. [50] 

Prospective 

cohort study 

172 patients 8-10 

months  

Hypertension and ischaemic heart 

disease were not significant 
predictors of Long COVID 

Adler et al. [51] Prospective 
cohort study  

2,755 
patients  

1-6 
months  

Obesity and dyslipidaemia are 
significant risk factors for Long 

COVID 
Belkacemi et al. 

[52] 

Prospective 

cohort study  

216 patients 

on renal 
replacement 

therapy 

6 months Obesity, diabetes and previous MI 

were significantly associated with 
Long COVID syndrome 

Bellan et al. Prospective 238 patients  4 months  No significant association between 
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[53] cohort study diabetes, CAD, obesity and Long 

COVID 
Blomberg et al. 
[38] 

Prospective 
cohort study 

312 patients 6 months Hypertension and chronic heart 
disease were associated with post 
COVID-19 fatigue 

Chudzik et al 

[54] 

Retrospective 

observational 
study  

(STOP COVID 
registry, Poland) 

2,218 

patients 

3 months  Obesity was a significant predictor 

of Long COVID, whereas 
hypertension, CAD and heart failure 

were not 

Cuomo et al. 
[55] 

Retrospective 
observational 

study  

394 patients ≥3 months Hypertension was a risk factor for 
development of cardiovascular 

complications  
Daitch et al. 
[56] 

Multicentre 
prospective 

cohort study  

2,333 
patients 

5 months  Obesity and hypertension are risk 
factors for Long COVID 

de Oliveira et 

al. [57] 

Cross sectional 

study 

439 patients 138 days 

(median) 

Obesity, hypertension, diabetes, 

heart failure, coronary artery 
disease not significant risk factors 

for Long COVID 
Dias et al.  [58] Prospective 

cohort study  
1,042 
hospitalised 

patients 

≥3 months Cardiovascular disease was not a 
significant predictor of Long covid 

Fernández-de-

las-Peñas et al. 
[59] 

Multicentre 

case-control 
study (2:1) 

88 patients 

with obesity 
and 176 

controls 
hospitalised 

with COVID-
19 (age- and 

sex- 
matched 

individuals) 

8.4 

months 
(mean) 

Obesity was independently 

associated with a greater number 
of post-COVID symptoms and poor 

sleep quality 

Fernández-de-
las-Peñas et al. 
[60] 

Case-control 
Study  

287 patients 7.2 
months 

Hypertension is associated with 
greater number of post-COVID 
symptoms and poor sleep quality  

Ioannou et al. 

[36] 

Retrospective 

cohort study  
 

 

198610 

patients 

≥3 months 

after 
acute 

infection 

Diabetes, heart failure and previous 

MI correlated significantly with the 
presence of Long COVID syndrome 

Jones et al. [49] Observational 
study 

310 patients  Collection 
of data for 
4 months  

Heart failure and ischaemic heart 
disease were not significant 
predictors of Long COVID 
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Kisiel et al. [61] Prospective 

cohort study 

366 patients 1 year Hypertension and obesity were 

significant predictors of persistent 
symptoms 

Kostev et al. 
[62] 

Retrospective 
cohort study  

51,630 
patients  

≥3 months Heart disease was not significant 
predictor of Long COVID 

Legrand et al. 

[63] 

Prospective 

observational 
study 

2,187 

patients 

2 months Congestive heart failure was a risk 

factor associated with an increased 
number of persistent symptoms. 

Menezes et al. 
[64] 

Retrospective 
cohort study 

108 patients 12 weeks Obesity is a significant predictor of 
Long COVID, but dyslipidaemia and 

diabetes are not.  
Munblit et al. 
[39] 

Longitudinal 
cohort study 

2649 
patients  

218 days 
(median)  

Hypertension and ischaemic heart 
disease were not significant 
predictors of Long COVID 

Ogungbe et al. 

[41] 

Prospective 

cohort study  

442 patients ≥3 weeks The presence of cardiovascular 

disease doubled the risk of Long 
COVID syndrome 

Pazukhina et al. 
[48] 

Prospective 
cohort study  

1,013 
patients  
 

≥6 months Hypertension is a risk factor for 
Long COVID 

Peghin et al. 

[65] 

Bidirectional 

cohort study 

599 patients  ≥6 months Cardiovascular disease is not a 

significant risk factor for Long 

COVID 
Samannodi et 
al. [66] 

Cross-sectional, 
nationwide 
study 

2,737 
patients 

6 weeks – 
6 months  

Cardiovascular disease is not a 
significant risk factor for Long 
COVID 

Schulze et al. 
[67] 

Cross-sectional 
study  

101 patients ≥2 months  
 

Cardiovascular disease is not a 
significant risk factor for Long 
COVID 

Thompson et 

al.[40] 

Analyses of 

survey data 
from 10 UK 
established 
population 
based 
longitudinal 
studies (LS) and 

records 
electronic 

healthcare 
records (EHR) 

6,907 

patients 
from LS and 
4189 from 
EHR 

≥12 weeks Hypertension, 

hypercholesterolaemia and 
diabetes were not significant risk 
factors for Long COVID. Obesity was 
significantly associated with Long 
COVID.  

Tleyjeh et al. 

[68] 

Prospective 

cohort study  

222 patients 122 days 

(median)  

Pre-existing hypertension was 

associated with an increased risk of 
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persistent symptoms 

Whitaker et al. 
[69] 

Cross-sectional 
survey  

55,730 
patients 
 

12 weeks  Obesity was significantly associated 
with Long COVID. 

Wu et al. [70] Cross-sectional 
survey  

308 patients 12 weeks  Heart disease is not a significant 
risk factor for Long COVID. Obesity 
was significantly associated with 
Long COVID. 

 1 

Diagnosis and Cardiac manifestations of Long COVID 2 

Being a multi-organ disease, Long COVID manifests itself with a variety of symptoms that may 3 

present simultaneously or sequentially during or after the acute infection. The diagnosis of Long 4 

COVID remains a clinical one, with no established diagnostic laboratory testing available so far. 5 

Recent evidence has shown that there is a potential for use of certain complement fragments 6 

and components (Ba, iC3b, C5a and Terminal Complex Component) to identify and diagnose the 7 

disease [71], large trials and evidence from population studies are currently lacking and 8 

therefore their use is not implemented in clinical practice. Another laboratory blood test that 9 

identifies non-classical monocytes  and cytokines, has also shown promise in identifying 10 

patients with Long COVID syndrome and has recently gained approval for use in Europe [72,73]. 11 

The CV symptoms of Long COVID might reflect the complex pathophysiological mechanisms 12 

occurring during the course of the disease. Common causes that lead to symptom occurrence 13 

may include left or right ventricular dysfunction, pulmonary hypertension, arrhythmias or 14 

autonomic dysfunction [74–76]. On these occasions, relevant diagnostic tests and clinical 15 

examination will enable the identification of the complication – provoked by Long COVID – and 16 

the appropriate management steps will be followed for treatment. Importantly, however, many 17 

Long COVID patients exhibit cardiac symptoms without objective evidence of cardiovascular 18 
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disease [77]. Establishing the diagnosis of Long COVID in these patients can be extremely 1 

challenging, as on some occasions there may inevitably be significant overlap with other 2 

conditions, such as postural orthostatic tachycardia syndrome and myalgic 3 

encephalomyelitis/chronic fatigue syndrome [74,77]. Nevertheless, however difficult it may be, 4 

it is imperative to appreciate that Long COVID and its accompanied symptomatology do not 5 

require abnormal or pathological evidence on clinical, radiological or biochemical assessment 6 

for the diagnosis to be established. Still, it is imperative that common CV diseases are not 7 

missed, and for this reason, thorough assessment of the patient is required to ensure 8 

appropriate risk stratification and management plans.  9 

Cardiac symptoms are very common amongst patients with Long COVID, representing the third 10 

most common clinical manifestation of the disease [74]. A systematic review of 9 studies that 11 

reported cardiac manifestations in patients with Long COVID showed that palpitations and 12 

chest tightness were very frequently reported from the patients [78]. In a systematic review of 13 

25 studies, chest pain was found to be the most prevalent clinical manifestation of Long COVID, 14 

with 89% of the participants reporting it in their follow-up assessment [79]. The COVID 15 

Symptoms Study demonstrated that cardiac symptoms were prevalent amongst patients with 16 

Long COVID, the majority of whom experienced these symptoms for the first time 3-4 weeks 17 

after the onset of Long COVID [42].  18 

Our systematic review confirms that chest pain, palpitations, dyspnoea and syncope are the 19 

most commonly reported symptoms among patients with Long COVID syndrome. 20 

Supplementary Table 2 summarises all the studies identified from our systematic search that 21 

reported cardiac symptomatology in patients with long COVID.  22 
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Cardiovascular disease as complication of Long COVID 1 

Long COVID has also been implicated in the development of new onset CV diseases in subjects 2 

without pre-existing co-morbidities. In a study of 153,760 patients, it was shown that patients 3 

with Long COVID syndrome have 1.6 times higher risk of new onset CV disease of any type, 4 

including dysrhythmias, non-ischaemic and ischaemic cardiomyopathies, cerebrovascular and 5 

thrombotic disorders  [6]. This was evident for a variety of diseases including ischaemic heart 6 

disease, heart failure, dysrhythmias, inflammatory cardiac diseases and thromboembolic 7 

disease. This finding is in agreement with another study of 47,780 patients, which 8 

demonstrated thatmajor adverse cardiovascular events were more 1.5 times more frequently 9 

encountered in patients with Long COVID compared to controls [105]. New onset diabetes 10 

mellitus type 2 and hypertension have also been commonly noted in patients with Long COVID 11 

[106–108] (table 3).  12 

Table 3 Summary of studies that reported new incidence of cardiac diseases in the course of 13 

Long COVID syndrome 14 

Study Study design Population  Follow-up Main findings 

Ayoubkhani et 
al. [105] 

Case control 
study  

47780 
patients 

140 days 
(mean) 

New incidence of diabetes and 
major adverse cardiovascular 

events were diagnosed more 
frequently (3.0 and 1.5 times 

respectively) in Long COVID 
patients compared to controls 

Chowdhury et 
al. [106]  

Prospective 
cross-sectional 
study  

313 patients 20 weeks New incidence diabetes and 
hypertension observed in 0.64% 
and 1.28% and post-COVID 

uncontrolled diabetes and 
hypertension in 54.55% and 
34.78% respectively.  

Cuomo et al. 

[55] 

Retrospective 

observational 
study 

394 patients ≥3 months Cardiovascular event developed 

in 15.7% of the subjects. These 
were mainly pulmonary 

embolism (9.4%), followed by 
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arrhythmias (3.3%), myocardial 

infarction 
(2.3%), and myocarditis (0.8%). 

Maestre-Muñiz 
et al. [88] 

Cross-sectional 
study  

543 patients  12 months  1.3% and 2% of patients 
developed new onset diabetes 

and heart failure respectively.  

Ogungbe et al. 
[41] 

Prospective 
cohort study  

442 patients ≥3 weeks 26.9% (119/442) of individuals 
reported a new cardiac 

condition; 20% had newly 
diagnosed hypertension, 24% 

had tachycardia 
and 13% had postural 

orthostatic tachycardia 
syndrome (POTS) 

Senjam et al. 
[94] 

Cross-sectional 
study 

773 patients ≥2 months 3.1% of patients with Long 
COVID developed new onset 
hypertension  

Vyas et al. [109] Prospective 
observational 

study  

248 patients 12 months New onset of hypertension was 
detected in 32.3% of patients at 

one-year follow-up post-COVID-
19 disease recovery 

Xie et al. [6] Case control 
study 

153760 
patients 

12 months Patients with Long COVID had 
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 

Xie et al. [108] Case control 
study 

181 280 
patients 

12 months People with Long COVID 
exhibited an increased risk (HR 

1·40, 95% CI 1·36–1·44) and 
excess burden of incident 

diabetes 
   1 

Furthermore, Long COVID may have a direct impact on the myocardium. This can usually be 2 

evidenced by pathological findings on examination and diagnostic tests. Our systematic search 3 

revealed twenty studies that evaluated the impact of Long COVID syndrome on the 4 
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myocardium through imaging evaluation with echocardiography and/or cardiac magnetic 1 

resonance (CMR) (table 4).  2 

Several  echocardiographic studies have confirmed that the most commonly encountered 3 

findings in patients 2-3 months after the acute infection are impaired GLS, with the findings 4 

more commonly encountered in patients that had severe infection during the acute phase 5 

[110–116].   6 

Myocardial involvement was shown to be a feature of Long COVID syndrome from the early 7 

months of the COVID-19 pandemic, with CMR imaging being the gold standard for the 8 

detection of myocardial oedema, inflammation and fibrosis. Several patients that presented 9 

with ‘atypical’ cardiac symptoms, such as chest pain and palpitations, were found to have 10 

abnormal CMR imaging [117]. Notably, the presence of symptoms is not a prerequisite for 11 

myocardial involvement and vice versa. However, individuals with persistent symptoms are 12 

more likely to have abnormal findings in the CMR [90]. Interesting features include the 13 

presence of myocardial oedema and/or fibrosis, various patterns of late gadolinium 14 

enhancement (LGE) in the myocardium, interstitial fibrosis and pericardial involvement 15 

[82,91,95,117–120].  16 

All the above findings have to be interpreted with caution, acknowledging that they are derived 17 

from observational – albeit large – studies. Inevitably, it is impossible to know if all the 18 

abnormalities and diseases are truly attributed to Long COVID alone or if they were pre-19 

existing, as baseline (pre-COVID) assessments of the patients was not performed. In addition, 20 

while cardiac involvement in the acute phase is a well-recognised phenomenon that may 21 

accompany patients suffering with acute COVID-19 infection [11,121,122], the impact of Long 22 
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COVID syndrome on the myocardium follows pathways and mechanisms that are not fully 1 

understood yet. It is difficult therefore to ascertain if the aforementioned complications are 2 

truly associated with Long COVID solely or if they are persistent features of the acute infection. 3 

Nonetheless, regardless if they are features of the acute infection or the post COVID sequelae, 4 

their clinical relevance and prognostic significance is important. Therefore, further studies with 5 

longer follow-up of the patients affected are needed to explore these aspects and understand 6 

their impact on patients’ lives.  7 

Table 4 Summary of studies that investigated the impact of Long COVID on the myocardium 8 

through advanced imaging (Echocardiography or cardiac magnetic resonance, CMR) 9 

Study Study design Population  Follow-up Main findings 

Akbulut et al. 

[123] 

Prospective 

cohort study 

58 patients 6 months The LVESD was significantly lower in 

patients with COVID-19 compared 
to healthy controls. TAPSE was 

significantly higher in COVID-19 
patients compared to the control 

group. LV and RV GLS values and 
both atrial peak systolic strains did 
not differ between the groups. 

Akkaya et al. 
[114] 

Cross-sectional 
study  

105 
patients 

3 months  TAPSE, RV fractional area change, RV 
S’ and RV GLS were significantly 

lower in the COVID-19 group 
compared to control group (p < 
0.05).  

Baruch et al. 

[116] 

Prospective 

cohort study 

80 patients 3 months  In patients recovering from COVID-

19 infection most LV routine 
echocardiographic, haemodynamic, 
and STE parameters did not improve 
in the months following acute 
infection. RV routine 
echocardiographic, haemodynamic 
and RV STE parameters improved in 

the majority of patients. 

Breitbart et al. 
[82] 

Prospective 
cohort study 

56 patients  71 days  Acute myocarditis was confirmed by 
T1/ T2-weighed CMR and elevated 

NTpro-BNP levels in 1 patient. 
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Additional eight patients (14%) 

showed suspicious CMR findings, 
including myocardial oedema 

without fibrosis (n = 3), or non-
ischemic myocardial injury 

suggesting previous inflammation 
(n= 5) 

Cannata et al. 
[124] 

Prospective 
cohort study  

110 
patients 

7 months  Impaired LV GLS was found in 37 
patients (34%) and was associated 
with an increased risk of Long-term 
MACE with a good discriminative 
power (area under the curve: 0.73) 

Cecchetto et al. 
[125] 

Prospective 
cohort study 

229 
patients 

5 months LV GLS and RV free wall strain were 
reduced in 36% (n=81) and 7.2% 

(n=16) of the patients at 5 months. 

The presence of at least one 
cardiovascular risk factor was a 

significant predictor of impaired LV 
GLS. Subclinical myocardial 

dysfunction did not improve at the 
12-month follow-up.  

De et al. [126] Prospective 
observational 
study  

472 
patients 

12 weeks 
(median) 

As compared to controls, the post-
COVID subjects had impaired LV 
systolic and diastolic function. The 

patients in the lowest GLS tertile 
were older, had higher burden of co-

morbidities, and had had more 
severe initial infection with greater 
need for hospitalization, oxygen 
therapy and steroids. The need for 
hospitalization was independently 
associated with lower GLS at the 
time of current presentation. 

Filipetti et al. 
[127] 

Prospective 
observational 
study  

19 patients 3 & 11 
months 

At the 3-month follow-up CMR 
study the findings included LV 
concentric remodelling (12 
patients), myocardial tissue 

abnormalities (11 patients) and 
increased myocardial ECV (9 

patients). At the 11-month follow-
up CMR study, LV function and 

remodelling were unchanged but 
ECV returned to normal or below 
the normal range.  
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Garcia-Zamora 

et al. [110] 

Prospective 

observational 
cohort study  

595 

patients 

2 months  Cardiovascular abnormalities after 

COVID-19 infection were rare (8.2%) 
and usually mild, especially 

following mild infection, with a low 
GLS of left and right ventricle being 

the most common ones in this 
registry. 

González et al. 
[128] 

Prospective 
observational 
study 

31 patients 5 months LGE lesions indicative of residual 
myocardial injury were encountered 
in 15 of the 31 patients. 
Intraindividual comparison with the 
pre-COVID-19 CMR revealed all of 
these lesions as pre-existing and 
thus not COVID-19-related. 
Quantitative analyses detected no 

increase in the size of individual LGE 
lesions nor in the global left 

ventricular LGE extent. Comparison 
of pre- and post-COVID-19 cine 

imaging sequences did not show 
any differences in ventricular 

functional or structural parameters. 
Gorecka et al. 

[129] 

Prospective 

case-control 
study 

20 patients 3 months Between the Long COVID‑19 

syndrome patients and matched 
contemporary healthy controls 

there were no differences in 
myocardial energetics 
(phosphocreatine to ATP ratio), in 
cardiac structure (biventricular 

volumes), function (biventricular EF, 
GLS), tissue characterization (T1 
mapping and LGE) or perfusion 

(myocardial rest and stress blood 
flow, myocardial perfusion reserve). 

Huang et al. 

[117] 

Retrospective 

observational 
study  

26 patients  Not 

defined 

Myocardial oedema was found in 14 

(54%) patients and LGE in 8 (31%) 
patients. Significantly elevated 

global native T1, T2, and ECV and RV 
impairment were found in patients 

with positive conventional CMR 
findings, compared with patients 

without positive findings and 

controls.  
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Joy et al. [130] Prospective 

case-control 
study 

149 

patients 

6 months In this population, mild COVID-19 

left no measurable cardiovascular 
impact on LV structure, function, 

scar burden, aortic stiffness, or 
serum biomarkers. CMR 

abnormalities included reduced 
ejection fraction (n = 2), T1 
elevation (n = 6), T2 elevation (n = 
9), late gadolinium enhancement (n 
= 13). These were distributed 

equally between seropositive and 
seronegative individuals. 

Kotecha et al. 
[131] 

Prospective 
cohort study 

148 
patients  

68 days 
(median) 

LGE and/or ischaemia was found in 
54% (80/148). This comprised 
myocarditis-like scar in 26% 

(39/148), infarction and/or 
ischaemia in 22% (32/148) and dual 

pathology in 6% (9/148). Of patients 
with ischaemic injury pattern, 66% 

(27/41) had no past history of 
coronary disease. There was no 

evidence of diffuse fibrosis or 
oedema in the remote myocardium.  

Kunal et al. 
[132] 

Prospective 
observational 

study 

30 patients 6 months All participants had abnormal LV GLS 
during acute infection and 16 

patients had abnormal CMR at 
baseline. Follow-up CMR was 
abnormal in 4/16 (25%) with LGE 
persisting in three patients (who 

had severe COVID-19). Subjects with 
severe COVID-19 had a greater 
frequency of LGE (53.8%) and 

myocardial oedema (61.5%) as 
compared to mild and moderate 
cases. Myocardial T1 and T2 values 
were significantly higher in post 

COVID-19 subjects compared to 
healthy controls and mild and 
moderate cases.  

Moody et al. 
[111] 

Prospective 
observational 

cohort study  

79 patients  3 months At 3 months, 56 (71%) patients had 
a normal TTE. In those with any 

abnormality, 16 had only RV adverse 

remodeling, 5 had only adverse LV 
remodeling, and 2 had biventricular 
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involvement. Of the 16 patients with 

persisting RV changes at 3 months, 7 
had pulmonary embolism diagnosed 

during hospital admission.  
Niebauer et al. 

[113] 

Prospective 

cohort study 

150 

patients  

6 months Echocardiography detected reduced 

GLS in 11% and diastolic dysfunction 
in 4%. CMR imaging revealed traces 
of pericardial effusion in 18% and 
signs of former pericarditis or 
myocarditis in 4%. Exertional 
dyspnoea was associated with 
impaired pulmonary function, 
reduced GLS and/or left ventricular 
diastolic dysfunction. 

Puntmann et al. 

[90] 

Prospective 

observational 
cohort study  

346 

patients 

109 days 

(median) 

Diffuse myocardial oedema was 

more pronounced in participants 
who remained symptomatic at 

follow-up as compared to those who 
improved. Female gender and 

higher baseline native T1 predicted 
the symptomatic status at follow-up. 

Raman et al. 
[91] 

Prospective 
observational 
cohort study  

58 patients 2-3 
months  

LV and RV function were normal and 
comparable between groups. Slice-
averaged basal and mid-ventricular 

native T1 were significantly elevated 
in patients. Native T2 was not 

different between patients and 
controls. Focal fibrosis burden was 
mildly increased in patients. 

Roca-Fernandez 

et al. [119] 

Prospective 

cohort study  

534 

patients 

12 months  CMR abnormalities were common 

(one in five individuals at 6 months) 
and commonly persisted (three out 

of five individuals at 12 months). 
Low LVEF at baseline was associated 
with persistent CMR abnormality, 
abnormal GLS was associated with 
low quality of life and abnormal T1 

in at least three segments was 
associated with better clinical 

outcomes at 12 months.  

Tangen et al. 
[112] 

Prospective 
observational 

cohort study  

92 patients  3 months  All patients had normal LV function 
by LVEF 3 months after 

hospitalisation. However, LV GLS, 
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was reduced in 15% of the patients. 

There was no significant relationship 
between reduced GLS and disease 

severity (treatment at intensive care 
unit) or elevated high sensitivity 

cardiac troponin after 3 months. 

Wang et al. 
[120] 

Prospective 
cohort study  

47 patients 3 months LGE was found in 13 (30%) of 
COVID-19 patients. LGE-positive 
patients had significantly decreased 
LV and RV peak global 
circumferential strain, RV peak 
global longitudinal strain (GLS) as 
compared to non-LGE patients (p < 
0.05), while no difference was found 
between the non-LGE patients and 

healthy controls. 
Wojtowicz et al. 

[95] 

Cross-sectional 

study  

121 

patients 

41 days 

(median) 

Non-ischemic cardiac injury (defined 

as the presence of LGE lesion and/or 
active myocarditis in CMR) was 

detected in over half of post-COVID-
19 patients (52.9%). RV EF was 

reduced in patients that were 
hospitalised during the acute phase.  

ATP, adenosine triphosphate; CMR, Cardiac Magnetic Resonance; ECV, Extracellular volume; EF, 1 

Ejection Fraction; GLS, Global longitudinal strain; LGE, Late gadolinium enhancement; LV, Left 2 

ventricle; LVESD, Left ventricular systolic dimension; MACE, Major adverse cardiac events; RV, 3 

Right ventricle; TAPSE, Tricuspid annular plane systolic excursion; TTE, Transthoracic 4 

echocardiography 5 

 6 

Prevention of cardiovascular disease as part of Long COVID  7 

Although there is no established or proven method of preventing Long COVID syndrome, 8 

optimal control of the modifiable risk factors may help the management of Long COVID 9 

symptoms and complications. For example, a healthy nutrition is rich in antioxidants, fibre and 10 

polyphenols and contains minimum amounts of saturated fat and pro-inflammatory molecules, 11 

which is beneficial in achieving a normal body mass index (BMI) and sleep pattern and 12 

contributes towards a positive mental health [133,134]. Therefore, lifestyle changes that 13 
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include a healthy dietary pattern and regular exercise have invaluable advantages that enhance 1 

the natural immunity and make the body less vulnerable to Long COVID and its complications 2 

[134]. While there is some evidence to suggest that plant-based and pescatarian diets are 3 

associated with reduced risk of severe acute COVID-19 infection [135], there is no study yet 4 

investigating the potential impact of such diets in Long COVID syndrome.  5 

On the other hand, vaccines have been shown to be an effective way of preventing Long COVID 6 

syndrome. A meta-analysis has already shown that vaccinated individuals have 40% less risk to 7 

develop Long COVID compared to unvaccinated people [37]. A case-control UK study of 1.2 8 

million people showed that the risk of symptoms persisting for more than 28 days was almost 9 

50% lower in those who were vaccinated compared to unvaccinated individuals [136]. Another 10 

systematic review and meta-analysis of six studies and 629,093 patients showed that patients 11 

with two-dose vaccination had 36% and 40% less risk of Long COVID compared to those with no 12 

or one-dose vaccination [137]. Vaccination has also been shown to reduce the risk of cardiac 13 

injury. In an observational prospective study of 1,883 patients, vaccinated patients had 14 

significantly lower prevalence of cardiac injury as evidenced by echocardiography than 15 

unvaccinated patients [138]. However, further research needs to be done on this field to 16 

investigate the impact of vaccination on the different variants and to determine the optimal 17 

number of booster doses.  18 

Medications may also have a role in the prevention of Long COVID syndrome. In a recent 19 

randomised placebo-controlled study that included 1,126 overweight and obese patients, it was 20 

shown that metformin during the acute infection reduces the incidence of Long COVID by 21 

41.3% compared with placebo [81]. While this is a very promising result, it remains to be 22 
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determined if the benefit would be evident in a wider population of patients with normal BMI. 1 

It is also unclear whether the incidence of Long COVID was reduced because of a direct antiviral 2 

mechanism that prevents the presentation of the syndrome or because it significantly reduces 3 

the viral load during the acute infection and the risk of severe acute COVID-19 infection 4 

[139,140]. Antivirals that are recommended for the acute COVID-19 infection in patients with 5 

high-risk features have also been shown to be beneficial. Large cohort studies demonstrated 6 

that the use of nirmatrelvir and molnupiravir during the acute illness significantly reduced the 7 

incidence of long COVID syndrome and the post-acute COVID-19 sequalae [141,142]. Notably, 8 

this effect was shown regardless of the patients’ baseline vaccination status [141]. Other 9 

medications such as ivermectin and fluvoxamine were not shown to have similar effect as they 10 

did not reduce the risk of neither Long COVID not severe acute COVID-19 infection [81,139].  11 

Despite all the above, prevention of Long COVID and its related CV manifestations has been 12 

particularly challenging. Prevention requires adequate risk stratification at a population level 13 

and tackling of all potential factors that may increase an individual’s risk of developing Long 14 

COVID syndrome. However, in the case of Long COVID, the quest for identification of the risk 15 

factors is still ongoing as outlined above. Whereas some co-morbidities have been shown to 16 

significantly increase the risk of Long COVID, there is lack of evidence regarding their pre-17 

morbid status and Long COVID. For example, it is unclear if someone with well -controlled 18 

diabetes is at higher risk of developing Long COVID compared with a person with poorly 19 

controlled diabetes. In addition, up to this day, there is a lack of clinical and/or laboratory tests 20 

with the ability to establish early diagnosis. By definition, Long COVID syndrome is diagnosed 21 

after 3 months of persistent symptoms, which, for many other diseases is considered ‘late’. As 22 
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such, although it may be suspected, it is not possible to diagnose early the condition and plan 1 

the appropriate management promptly.  2 

 3 

Figure 2 summarises the potential ways of preventing the cardiovascular manifestations of Long 4 

COVID syndrome.  5 

 6 

Treatment and prognosis of cardiovascular disease as part of Long COVID 7 

Currently there is no specific treatment recommended by the guidelines for patients with Long 8 

COVID syndrome. This may not come as a surprise considering the existing gaps in the 9 

understanding of the causal pathophysiological mechanisms of Long COVID syndrome. 10 

Management is focused primarily on the relief from symptoms and/or complications that may 11 

accompany them. However, this may soon change as hundreds of researchers worldwide have 12 

set out to identify therapeutic targets and develop medications that can treat the lingering 13 

symptoms of Long COVID.  14 

This step involves the development of a treatment that would tackle the hyperinflammatory 15 

state that dominates the Long COVID pathophysiology. The antiviral drug, nirmatrelvir, inhibits 16 

viral replication by targeting the chymotrypsin–like cysteine protease enzyme (Mpro) [143]. Its 17 

use has been approved for patients with acute COVID-19 infection who are at high risk of 18 

progressing to severe disease [144]. However, apart from its positive impact in the acute phase, 19 

it was quickly shown that it has a substantial benefit for the post-acute lingering 20 

symptomatology of COVID-19 infection. A recent retrospective cohort study that included 21 

281,793 participants, showed that nirmatrelvir reduced the risk of Long COVID syndrome by 22 
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26% and the risk of post-acute death and hospitalisation by 47% and 24% respectively [145]. 1 

Based on this, a randomised placebo-controlled trial investigating nirmatrelvir in adults with 2 

Long COVID has started (NCT05668091) and its results are highly anticipated. Other antivirals 3 

have been shown to be efficient in the acute phase of the infection [141], however their impact 4 

on the Long COVID incidence is yet to be determined.  5 

The next achievement would be to identify effective treatments for symptom specific Long 6 

COVID symptoms. Understandably, there are several studies that are investigating different 7 

pathways that are implicated in the pathogenesis of certain Long COVID symptoms. A few of 8 

them are focused on the CV manifestations of Long COVID. Three trials are investigating the 9 

role of medications for patients with tachycardia or postural orthostatic tachycardia syndrome, 10 

including ivabradine (NCT05481177) and efgartigimod (NCT05918978), while another trial is 11 

investigating the impact of early intervention on the myocardium with immunosuppression and 12 

anti-remodelling therapy in the form of prednisolone and losartan in patients with post-acute 13 

COVID-19 inflammatory cardiac involvement (NCT05619653). Other trials are exploring the 14 

value of cardiac rehabilitation and behavioural interventions on the cardiac manifestations of 15 

Long COVID (NCT05530317, NCT05035628, NCT05228665, NCT05566483, NCT05629884, 16 

NCT05539950, NCT05877534). Of these, only one study, the HEARTLOC (HEART Rate Variability 17 

Biofeedback for Long COVID Dysautonomia) study, has been completed (NCT05228665). This 18 

feasibility study comprised of 13 participants showed that a heart rate variability biofeedback 19 

programme via a standardised slow diaphragmatic breathing was not a feasible intervention 20 

that improved the symptomatology of patients with Long COVID [146].   21 
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Supplementary Table 3 provides a summary of all the ongoing studies with a focus on 1 

cardiovascular disease as part of Long COVID syndrome.  2 

More than 3 years on since the beginning of the pandemic, it has been evident that some 3 

patients have fully recovered from Long COVID, with their cardiac related symptoms settling 4 

with time. However, a proportion of patients have ongoing debilitating symptoms that impacts 5 

their quality of life and everyday activities. Whilst the short term prognosis appears to be good 6 

for the majority of the patients, the future course and long-term prognosis of the disease and 7 

its manifestations remain uncertain [147].  8 

The results of the currently running randomised trials are highly anticipated not only to 9 

elucidate the progression of Long COVID syndrome with time but also to guide management 10 

and improve patients’ quality of life. 11 

 12 

Unmet clinical need and Evolving concepts in Long COVID 13 

Although a lot of progress has been achieved in understanding the pathways by which the 14 

disease affects the cardiovascular system and vice versa, the dynamic and rapidly evolving field 15 

of Long COVID syndrome remains perplexed and challenging.  16 

Further research is needed to understand the pathophysiology and exact mechanisms by which 17 

Long COVID unfolds itself. While it is known that the immune response has a major role in the 18 

presentation of Long COVID syndrome, further research is needed to determine whether this is 19 

influenced by certain pre-existing conditions or if there is a genetic predisposition that makes 20 

some individuals more prone to lingering symptomatology. Furthermore, at the moment the 21 

diagnosis of Long COVID remains a clinical one, and the use of diagnostic testing has been of 22 
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limited value.  Identifying a blood biomarker that associates closely with Long COVID, will 1 

facilitate earlier diagnosis but also potentially targeted therapy. This, in combination with a 2 

deeper understanding of the Long COVID phenotyping, would allow the development of a 3 

targeted therapy that would alleviate patients from the associated prolonged symptoms of the 4 

disease. 5 

In addition, it remains yet to be fully understood if and in what ways vaccination will affect the 6 

incidence of Long COVID syndrome in the future. Vaccination may also change the disease 7 

phenotype and future studies may establish if vaccination results in ‘milder’ Long COVID 8 

phenotypes, with less severe or reduced number of symptoms. Furthermore, the scenery of 9 

Long COVID syndrome may change as new variants appear. The past history of coronavirus 10 

would suggest that new variants will be less damaging and lead to milder acute infection, 11 

however it remains unknown how this will affect the risk of developing Long COVID syndrome 12 

or the severity of Long COVID syndrome. Finally, healthcare systems need to adapt to the 13 

increasing number of people with Long COVID, and support individuals with psychological 14 

strain, as well as their families, and provide wholistic therapies where possible and appropriate 15 

quickly.  16 

  17 

Limitations 18 

All the studies conducted so far are observational and therefore carry unavoidable limitations 19 

and bias that prohibit the application of their results in a wider or a different population. In 20 

addition, the existing evidence comes from studies at different time points in the pandemic, 21 

which in turn means different variants, vaccination status, immunity status and even different 22 
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Long COVID definitions. These factors have substantially changed in a very short period of time, 1 

which has perhaps made the observations of some studies of this systematic review already 2 

outdated.  3 

 4 

Conclusions 5 

Long COVID syndrome represents a highly evolving and dynamic field that is yet to be explored 6 

in its entire entity. The individual’s immune and inflammatory response are key mechanisms in 7 

the pathophysiology of Long COVID syndrome, with cytokines and pro-inflammatory molecules 8 

potentially triggering cardiac symptomatology. While there is evidence suggesting that patients 9 

with pre-existing obesity, heart failure or ischaemic heart disease are at higher risk of suffering 10 

with Long COVID, there is no strong evidence about the risk that patients with other types of CV 11 

diseases may have. On the other hand, patients with Long COVID may be confronted with new 12 

onset CV diseases such as diabetes, arrhythmias, heart failure and others. The most commonly 13 

encountered cardiac-related symptoms include chest pain, palpitations, shortness of breath 14 

and syncope. These could be present in isolation or in combination with pathological evidence 15 

of myocardial impairment on echocardiography or CMR imaging. Vaccination and certain 16 

medications, including antivirals, have been shown to reduce the risk of Long COVID syndrome, 17 

however further studies are needed to assess this potentially protective effect in a large 18 

population taking into account the new variants of the virus. Although treatment remains 19 

supportive,  ongoing studies may enable the identification of beneficial treatment strategies 20 

that will improve the patients’ quality of life and reduce their symptom burden.  21 

  22 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



31 
 

References 1 

1. Soriano JB, Murthy S, Marshall JC et al. A clinical case definition of post-COVID-19 2 
condition by a Delphi consensus. The Lancet Infectious Diseases 2022;22:e102–7. 3 

2. National Institute for Health and Care Excellence (NICE) S, Intercollegiate Guidelines 4 
Network (SIGN) and Royal College of General Practitioners (RCGP). COVID-19 rapid 5 

guideline: managing the long-term effects of COVID-19. NICE 2022. 6 

3. O’Mahoney LL, Routen A, Gillies C et al. The prevalence and long-term health effects of 7 
Long Covid among hospitalised and non-hospitalised populations: A systematic review and 8 

meta-analysis. eClinicalMedicine 2023;55:101762. 9 

4. Prevalence of ongoing symptoms following coronavirus (COVID-19) infection in the UK - 10 

Office for National Statistics. 11 

5. Long-term effects of coronavirus (long COVID) | Health topics A to Z | CKS | NICE. 12 

6. Xie Y, Xu E, Bowe B et al. Long-term cardiovascular outcomes of COVID-19. Nature 13 

Medicine 2022;28:583–90. 14 

7. Baral R, Tsampasian V, Debski M et al. Association between Renin-Angiotensin-Aldosterone 15 

System Inhibitors and Clinical Outcomes in Patients with COVID-19: A Systematic Review and 16 
Meta-analysis. JAMA Network Open 2021;4:1–18. 17 

8. Avanoglu Guler A, Tombul N, Aysert Yıldız P et al. The assessment of serum ACE activity in 18 

COVID-19 and its association with clinical features and severity of the disease. Scandinavian 19 
Journal of Clinical and Laboratory Investigation 2021;81:160–5. 20 

9. Tsampasian V, Corballis N, Vassiliou VS. Renin-Angiotensin-Aldosterone Inhibitors and 21 
COVID-19 Infection. Curr Hypertens Rep 2022;24:425–33. 22 

10. Baral R, White M, Vassiliou VS. Effect of Renin-Angiotensin-Aldosterone System Inhibitors 23 

in Patients with COVID-19: a Systematic Review and Meta-analysis of 28,872 Patients. Current 24 
Atherosclerosis Reports 2020;22, DOI: 10.1007/s11883-020-00880-6. 25 

11. Adu-Amankwaah J, Mprah R, Adekunle AO et al. The cardiovascular aspect of COVID-19. 26 
Annals of Medicine 2021;53:227–36. 27 

12. Oudit GY, Wang K, Viveiros A et al. Angiotensin-converting enzyme 2—at the heart of the 28 

COVID-19 pandemic. Cell 2023;186:906–22. 29 

13. The Severe Covid-19 GWAS Group. Genomewide Association Study of Severe Covid-19 30 

with Respiratory Failure. N Engl J Med 2020;383:1522–34. 31 

14. Micheletti C, Medori MC, Dhuli K et al. Linking pathogenic and likely pathogenic gene 32 
variants to long-COVID symptoms. Eur Rev Med Pharmacol Sci 2023;27:20–32. 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



32 
 

15. Udomsinprasert W, Nontawong N, Saengsiwaritt W et al. Host genetic polymorphisms 1 
involved in long-term symptoms of COVID-19. Emerg Microbes Infect 2023;12:2239952. 2 

16. Schulte E on behalf of the LCWG of the C-19 HGI. UNTANGLING GENETIC RISK 3 
FACTORS OF LONG COVID: WORK OF THE INTERNATIONAL COVID-19 HOST 4 

GENETICS INITIATIVE. European Neuropsychopharmacology 2022;63:e82. 5 

17. Lammi V, Ollila HM. Tackling Long COVID using international host genetics research 6 
collaboration. Sleep Medicine 2022;100:S64–5. 7 

18. Lammi V, Nakanishi T, Jones SE et al. Genome-wide Association Study of Long COVID. 8 
2023:2023.06.29.23292056. 9 

19. COVID HUMAN GENETIC EFFORT. 10 

20. Su Y, Yuan D, Chen DG et al. Multiple early factors anticipate post-acute COVID-19 11 
sequelae. Cell 2022;185:881-895.e20. 12 

21. Miyata Y, Suzuki K, Nagano T et al. Cellular immunity reflects the persistent symptoms 13 
among COVID-19 recovered patients in Japan. Sci Rep 2023;13:11071. 14 

22. Sherif ZA, Gomez CR, Connors TJ et al. Pathogenic mechanisms of post-acute sequelae of 15 
SARS-CoV-2 infection (PASC). eLife 2023;12:e86002. 16 

23. Files JK, Sarkar S, Fram TR et al. Duration of post-COVID-19 symptoms is associated with 17 

sustained SARS-CoV-2-specific immune responses. JCI Insight 2021;6, DOI: 18 
10.1172/jci.insight.151544. 19 

24. Yao L, Wang GL, Shen Y et al. Persistence of Antibody and Cellular Immune Responses in 20 
Coronavirus Disease 2019 Patients over Nine Months after Infection. Journal of Infectious 21 
Diseases 2021;224:586–94. 22 

25. Haunhorst S, Bloch W, Javelle F et al. A scoping review of regulatory T cell dynamics in 23 
convalescent COVID-19 patients – indications for their potential involvement in the 24 

development of Long COVID? Frontiers in Immunology 2022;13. 25 

26. Jiang XL, Wang GL, Zhao XN et al. Lasting antibody and T cell responses to SARS-CoV-2 26 
in COVID-19 patients three months after infection. Nature Communications 2021;12, DOI: 27 

10.1038/s41467-021-21155-x. 28 

27. Lazzerini PE, Laghi-Pasini F, Boutjdir M et al. Cardioimmunology of arrhythmias: the role 29 

of autoimmune and inflammatory cardiac channelopathies. Nature Reviews Immunology 2018 30 
19:1 2018;19:63–4. 31 

28. Phetsouphanh C, Darley DR, Wilson DB et al. Immunological dysfunction persists for 8 32 

months following initial mild-to-moderate SARS-CoV-2 infection. Nature Immunology 33 
2022;23:210–6. 34 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



33 
 

29. Schultheiß C, Willscher E, Paschold L et al. The IL-1β, IL-6, and TNF cytokine triad is 1 
associated with post-acute sequelae of COVID-19. Cell Reports Medicine 2022;3:100663. 2 

30. Karbalaeimahdi M, Farajnia S, Bargahi N et al. The Role of Interferons in Long Covid 3 
Infection. Journal of Interferon & Cytokine Research 2023;43:65–76. 4 

31. Melhorn J, Alamoudi A, Mentzer AJ et al. Persistence of inflammatory and vascular 5 
mediators 5 months after hospitalization with COVID-19 infection. Frontiers in Medicine 6 
2023;10. 7 

32. Schumacher SM, Naga Prasad SV. Tumor Necrosis Factor-α in Heart Failure: an Updated 8 
Review. Curr Cardiol Rep 2018;20:117. 9 

33. Hanna A, Frangogiannis NG. Inflammatory Cytokines and Chemokines as Therapeutic 10 
Targets in Heart Failure. Cardiovasc Drugs Ther 2020;34:849–63. 11 

34. Ridker PM, Rifai N, Pfeffer M et al. Elevation of Tumor Necrosis Factor-α and Increased 12 

Risk of Recurrent Coronary Events After Myocardial Infarction. Circulation 2000;101:2149–53. 13 

35. Dobrowolska K, Zarębska-Michaluk D, Poniedziałek B et al. Overview of autoantibodies in 14 

COVID-19 convalescents. Journal of Medical Virology 2023;95:e28864. 15 

36. Ioannou GN, Baraff A, Fox A et al. Rates and Factors Associated with Documentation of 16 
Diagnostic Codes for Long COVID in the National Veterans Affairs Health Care System. JAMA 17 

Network Open 2022;5:E2224359. 18 

37. Tsampasian V, Elghazaly H, Chattopadhyay R et al. Risk Factors Associated With 19 

Post−COVID-19 Condition: A Systematic Review and Meta-analysis. JAMA Internal Medicine 20 
2023;183:566–80. 21 

38. Blomberg B, Mohn KGI, Brokstad KA et al. Long COVID in a prospective cohort of home-22 

isolated patients. Nature Medicine 2021;27:1607–13. 23 

39. Munblit D, Bobkova P, Spiridonova E et al. Incidence and risk factors for persistent 24 

symptoms in adults previously hospitalized for COVID-19. Clinical and Experimental Allergy 25 
2021;51:1107–20. 26 

40. Thompson EJ, Williams DM, Walker AJ et al. Long COVID burden and risk factors in 10 27 

UK longitudinal studies and electronic health records. Nature Communications 2022 13:1 28 
2022;13:1–11. 29 

41. Ogungbe O, Gilotra NA, Davidson PM et al. Cardiac postacute sequelae symptoms of 30 
SARS-CoV-2 in community-dwelling adults: cross-sectional study. Open Heart 2022;9:e002084. 31 

42. Sudre CH, Murray B, Varsavsky T et al. Attributes and predictors of long COVID. Nature 32 

medicine 2021;27:626–31. 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



34 
 

43. Subramanian A, Nirantharakumar K, Hughes S et al. Symptoms and risk factors for long 1 
COVID in non-hospitalized adults. Nature Medicine 2022;28:1706–14. 2 

44. Xiang M, Wu X, Jing H et al. The intersection of obesity and (long) COVID-19: Hypoxia, 3 
thrombotic inflammation, and vascular endothelial injury. Frontiers in Cardiovascular Medicine 4 

2023;10. 5 

45. Evans RA, Leavy OC, Richardson M et al. Clinical characteristics with inflammation 6 
profiling of long COVID and association with 1-year recovery following hospitalisation in the 7 

UK: a prospective observational study. The Lancet Respiratory Medicine 2022;10:761–75. 8 

46. Florencio LL, Fernández-de-las-Peñas C. Long COVID: systemic inflammation and obesity 9 

as therapeutic targets. The Lancet Respiratory Medicine 2022;10:726–7. 10 

47. HARDING JL, ALI MK, GANDER JC et al. 174-LB: Diabetes as a Risk Factor for Long-11 
COVID-19—A Scoping Review. Diabetes 2022;71:174-LB. 12 

48. Pazukhina E, Andreeva M, Spiridonova E et al. Prevalence and risk factors of post-COVID-13 
19 condition in adults and children at 6 and 12 months after hospital discharge: a prospective, 14 

cohort study in Moscow (StopCOVID). BMC Medicine 2022;20:1–12. 15 

49. Jones R, Davis A, Stanley B et al. Risk Predictors and Symptom Features of Long COVID 16 
Within a Broad Primary Care Patient Population Including Both Tested and Untested Patients. 17 

Pragmatic and Observational Research 2021;Volume 12:93–104. 18 

50. Abdelrahman MM, Abd-Elrahman NM, Bakheet TM. Persistence of symptoms after 19 

improvement of acute COVID19 infection, a longitudinal study. Journal of Medical Virology 20 
2021;93:5942–6. 21 

51. Adler L, Gazit S, Pinto Y et al. Long-COVID in patients with a history of mild or 22 

asymptomatic SARS-CoV-2 infection: a Nationwide Cohort Study. Scandinavian Journal of 23 
Primary Health Care 2022;40:342–9. 24 

52. Belkacemi M, Baouche H, Gomis S et al. Long‐lasting clinical symptoms 6 months after 25 
COVID-19 infection in the French national cohort of patients on dialysis. Journal of Nephrology 26 
2022;35:787–93. 27 

53. Bellan M, Soddu D, Balbo PE et al. Respiratory and Psychophysical Sequelae Among 28 
Patients With COVID-19 Four Months After Hospital Discharge. JAMA Network Open 29 

2021;4:e2036142–e2036142. 30 

54. Chudzik M, Lewek J, Kapusta J et al. Predictors of Long COVID in Patients without 31 
Comorbidities: Data from the Polish Long-COVID Cardiovascular (PoLoCOV-CVD) Study. 32 

Journal of Clinical Medicine 2022;11:1–11. 33 

55. Cuomo G, Puzzolante C, Iadisernia V et al. Development of post-COVID-19 cardiovascular 34 

events: An analysis of clinical features and risk factors from a single hospital retrospective study. 35 
Infezioni in Medicina 2021;29:538–49. 36 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



35 
 

56. Daitch V, Yelin D, Awwad M et al. Characteristics of long-COVID among older adults: a 1 
cross-sectional study. International Journal of Infectious Diseases 2022;125:287–93. 2 

57. de Oliveira JF, de Ávila RE, de Oliveira NR et al. Persistent symptoms, quality of life, and 3 
risk factors in long COVID: a cross-sectional study of hospitalized patients in Brazil. 4 

International Journal of Infectious Diseases 2022;122:1044–51. 5 

58. Dias MB, Medeiros APV, De Melo SS et al. The long and winding road of COVID‐19 in 6 
survivors of hospitalisation: Symptoms trajectory and predictors of long COVID. J Intern Med 7 

2023;293:264–8. 8 

59. Fernández-de-las-Peñas C, Torres-Macho J, Elvira-Martínez CM et al. Obesity is associated 9 

with a greater number of long‐term post‐COVID symptoms and poor sleep quality: A 10 
multicentre case‐control study. International Journal of Clinical Practice 2021;75, DOI: 11 
10.1111/IJCP.14917. 12 

60. Fernández-de-las-Peñas C, Torres-Macho J, Velasco-Arribas M et al. Preexisting 13 
hypertension is associated with a greater number of long-term post-COVID symptoms and poor 14 

sleep quality: a case–control study. J Hum Hypertens 2022;36:582–4. 15 

61. Kisiel MA, Janols H, Nordqvist T et al. Predictors of post-COVID-19 and the impact of 16 
persistent symptoms in non-hospitalized patients 12 months after COVID-19, with a focus on 17 

work ability. Upsala Journal of Medical Sciences 2022;127, DOI: 10.48101/ujms.v127.8794. 18 

62. Kostev K, Smith L, Koyanagi A et al. Prevalence of and Factors Associated With Post-19 

Coronavirus Disease 2019 (COVID-19) Condition in the 12 Months After the Diagnosis of 20 
COVID-19 in Adults Followed in General Practices in Germany. Open Forum Infectious 21 
Diseases 2022;9:1–7. 22 

63. Legrand M, Fong N, Laouénan C et al. Risk factors of long term symptoms and outcomes 23 
among patients discharged after covid-19: prospective, multicentre observational study. BMJ 24 

Medicine 2022;1, DOI: 10.1136/bmjmed-2021-000093. 25 

64. Menezes AS, Botelho SM, Santos LR et al. Acute COVID-19 Syndrome Predicts Severe 26 
Long COVID-19: An Observational Study. Cureus 2022;14, DOI: 10.7759/cureus.29826. 27 

65. Peghin M, Palese A, Venturini M et al. Post-COVID-19 symptoms 6 months after acute 28 
infection among hospitalized and non-hospitalized patients. Clinical Microbiology and Infection 29 

2021;27:1507–13. 30 

66. Samannodi M, Alwafi H, Naser AY et al. Determinants of Post-COVID-19 Conditions 31 
among SARS-CoV-2-Infected Patients in Saudi Arabia: A Web-Based Cross-Sectional Study. 32 

Diseases 2022;10:55. 33 

67. Schulze H, Charles James J, Trampe N et al. Cross-sectional analysis of clinical aspects in 34 

patients with long-COVID and post-COVID syndrome. Frontiers in Neurology 2022;13, DOI: 35 
10.3389/fneur.2022.979152. 36 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



36 
 

68. Tleyjeh IM, Saddik B, AlSwaidan N et al. Prevalence and predictors of Post-Acute COVID-1 
19 Syndrome (PACS) after hospital discharge: A cohort study with 4 months median follow-up. 2 

PLoS ONE 2021;16:1–15. 3 

69. Whitaker M, Elliott J, Chadeau-Hyam M et al. Persistent COVID-19 symptoms in a 4 

community study of 606,434 people in England. Nature Communications 2022;13:1–10. 5 

70. Wu Q, Ailshire JA, Crimmins EM. Long COVID and symptom trajectory in a representative 6 
sample of Americans in the first year of the pandemic. Scientific Reports 2022;12:1–11. 7 

71. Baillie K, Davies HE, Keat SBK et al. Complement dysregulation is a predictive and 8 
therapeutically amenable feature of long COVID. 2023:2023.10.26.23297597. 9 

72. Patterson BK, Francisco EB, Yogendra R et al. Persistence of SARS CoV-2 S1 Protein in 10 
CD16+ Monocytes in Post-Acute Sequelae of COVID-19 (PASC) up to 15 Months Post-11 
Infection. Frontiers in Immunology 2022;12. 12 

73. IncellDx Gains CE-IVD Mark for ‘Long COVID’ Diagnostic | 2022-09-02 | FDAnews. 13 

74. Gyöngyösi M, Alcaide P, Asselbergs FW et al. Long COVID and the cardiovascular 14 

system—elucidating causes and cellular mechanisms in order to develop targeted diagnostic and 15 
therapeutic strategies: a joint Scientific Statement of the ESC Working Groups on Cellular 16 
Biology of the Heart and Myocardial and Pericardial Diseases. Cardiovascular Research 17 

2023;119:336–56. 18 

75. Zeng J-H, Wu W-B, Qu J-X et al. Cardiac manifestations of COVID-19 in Shenzhen, China. 19 

Infection 2020;48:861–70. 20 

76. Giustino G, Croft LB, Stefanini GG et al. Characterization of Myocardial Injury in Patients 21 
With COVID-19. Journal of the American College of Cardiology 2020;76:2043–55. 22 

77. Gluckman TJ, Bhave NM, Allen LA et al. 2022 ACC Expert Consensus Decision Pathway 23 
on Cardiovascular Sequelae of COVID-19 in Adults: Myocarditis and Other Myocardial 24 

Involvement, Post-Acute Sequelae of SARS-CoV-2 Infection, and Return to Play. Journal of the 25 
American College of Cardiology 2022;79:1717–56. 26 

78. Elhiny R, Al-Jumaili AA, Yawuz MJ. What might COVID-19 patients experience after 27 

recovery? A comprehensive review. International Journal of Pharmacy Practice 2022;30:404–28 
13. 29 

79. Cabrera Martimbianco AL, Pacheco RL, Bagattini ÂM et al. Frequency, signs and 30 
symptoms, and criteria adopted for long COVID‐19: A systematic review. Int J Clin Pract 31 
2021;75:e14357. 32 

80. Bahmer T, Borzikowsky C, Lieb W et al. Severity, predictors and clinical correlates of Post-33 
COVID syndrome (PCS) in Germany: A prospective, multi-centre, population-based cohort 34 

study. EClinicalMedicine 2022;51:101549. 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



37 
 

81. Bramante CT, Buse JB, Liebovitz DM et al. Outpatient treatment of COVID-19 and 1 
incidence of post-COVID-19 condition over 10 months (COVID-OUT): a multicentre, 2 

randomised, quadruple-blind, parallel-group, phase 3 trial. The Lancet Infectious Diseases 3 
2023;0, DOI: 10.1016/S1473-3099(23)00299-2. 4 

82. Breitbart P, Koch A, Schmidt M et al. Clinical and cardiac magnetic resonance findings in 5 
post-COVID patients referred for suspected myocarditis. Clin Res Cardiol 2021;110:1832–40. 6 

83. Carvalho-Schneider C, Laurent E, Lemaignen A et al. Follow-up of adults with noncritical 7 

COVID-19 two months after symptom onset. Clinical Microbiology and Infection 2021;27:258–8 
63. 9 

84. Estrada-Codecido J, Chan AK, Andany N et al. Prevalence and predictors of persistent post-10 
COVID-19 symptoms. Journal of the Association of Medical Microbiology and Infectious 11 
Disease Canada 2022;7:208–19. 12 

85. Golchin Vafa R, Heydarzadeh R, Rahmani M et al. The long-term effects of the Covid-19 13 
infection on cardiac symptoms. BMC Cardiovascular Disorders 2023;23:286. 14 

86. Huang Y, Pinto MD, Borelli JL et al. COVID Symptoms, Symptom Clusters, and Predictors 15 
for Becoming a Long-Hauler Looking for Clarity in the Haze of the Pandemic. Clinical Nursing 16 
Research 2022;31:1390–8. 17 

87. Liang L, Yang B, Jiang N et al. Three-month Follow-up Study of Survivors of Coronavirus 18 
Disease 2019 after Discharge. Journal of Korean Medical Science 2020;35, DOI: 19 

10.3346/jkms.2020.35.e418. 20 

88. Maestre-Muñiz MM, Arias Á, Mata-Vázquez E et al. Long-Term Outcomes of Patients with 21 
Coronavirus Disease 2019 at One Year after Hospital Discharge. Journal of Clinical Medicine 22 

2021;10:2945. 23 

89. Ozcan S, Ince O, Department of Cardiology, Bagcilar Training and Research Hospital, 24 

Istanbul, Turkey et al. Long-Term Clinical Consequences of Patients Hospitalized for COVID-25 
19 Infection. Anatolian J Cardiol 2022;26:305–15. 26 

90. Puntmann VO, Martin S, Shchendrygina A et al. Long-term cardiac pathology in individuals 27 

with mild initial COVID-19 illness. Nat Med 2022;28:2117–23. 28 

91. Raman B, Cassar MP, Tunnicliffe EM et al. Medium-term effects of SARS-CoV-2 infection 29 

on multiple vital organs, exercise capacity, cognition, quality of life and mental health, post-30 
hospital discharge. eClinicalMedicine 2021;31, DOI: 10.1016/j.eclinm.2020.100683. 31 

92. Romero-Rodríguez E, Pérula-de Torres LÁ, Castro-Jiménez R et al. Hospital admission and 32 

vaccination as predictive factors of long COVID-19 symptoms. Front Med 2022;9:1016013. 33 

93. Saberian P, Pazooki B, Hasani-Sharamin P et al. Persistent/Late-Onset Complications of 34 

COVID-19 in General Population: A Cross- Sectional Study in Tehran, Iran. IJCBNM 2022;10, 35 
DOI: 10.30476/ijcbnm.2022.93302.1917. 36 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



38 
 

94. Senjam SS, Balhara YPS, Kumar P et al. A Comprehensive Assessment of Self-Reported 1 
Post COVID-19 Symptoms Among Beneficiaries of Hospital Employee Scheme at a Tertiary 2 

Healthcare Institution in Northern India. International Journal of General Medicine 3 
2022;15:7355–72. 4 

95. Wojtowicz D, Dorniak K, Ławrynowicz M et al. Cardiac Magnetic Resonance Findings in 5 
Patients Recovered from COVID-19 Pneumonia and Presenting with Persistent Cardiac 6 
Symptoms: The TRICITY-CMR Trial. Biology 2022;11:1848. 7 

96. Yaksi N, Teker AG, Imre A. Long COVID in Hospitalized COVID-19 Patients: A 8 
Retrospective Cohort Study. Iranian Journal of Public Health 2022;51:88–95. 9 

97. Yang X, Hou C, Shen Y et al. Two-Year Health Outcomes in Hospitalized COVID-19 10 
Survivors in China. JAMA Network Open 2022;5:E2231790. 11 

98. Zhang X, Wang F, Shen Y et al. Symptoms and Health Outcomes Among Survivors of 12 

COVID-19 Infection 1 Year After Discharge From Hospitals in Wuhan, China. JAMA Network 13 
Open 2021;4:e2127403–e2127403. 14 

99. Baruch J, Zahra C, Cardona T et al. National long COVID impact and risk factors. Public 15 
Health 2022;213:177–80. 16 

100. Fjelltveit EB, Blomberg B, Kuwelker K et al. Symptom Burden and Immune Dynamics 6 to 17 

18 Months Following Mild Severe Acute Respiratory Syndrome Coronavirus 2 Infection (SARS-18 
CoV-2): A Case-control Study. Clinical Infectious Diseases 2023;76:e60–70. 19 

101. Moy FM, Hairi NN, Lim ERJ et al. Long COVID and its associated factors among COVID 20 
survivors in the community from a middle-income country-An online crosssectional study. PLoS 21 
ONE 2022;17:1–12. 22 

102. Mahmud R, Rahman MM, Rassel MA et al. Post-COVID-19 syndrome among symptomatic 23 
COVID-19 patients: A prospective cohort study in a tertiary care center of Bangladesh. PLoS 24 

ONE 2021;16:1–13. 25 

103. Romero-Duarte Á, Rivera-Izquierdo M, Guerrero-Fernández De Alba I et al. Sequelae, 26 
persistent symptomatology and outcomes after COVID-19 hospitalization: the ANCOHVID 27 

multicentre 6-month follow-up study. BMC Med 2021;19:129. 28 

104. Xiong Q, Xu M, Li J et al. Clinical sequelae of COVID-19 survivors in Wuhan, China: a 29 

single-centre longitudinal study. Clinical Microbiology and Infection 2021;27:89–95. 30 

105. Ayoubkhani D, Khunti K, Nafilyan V et al. Post-covid syndrome in individuals admitted to 31 
hospital with covid-19: retrospective cohort study. BMJ 2021;372:n693. 32 

106. Mohiuddin Chowdhury ATM, Karim MR, Ali MdA et al. Clinical Characteristics and the 33 
Long-Term Post-recovery Manifestations of the COVID-19 Patients—A Prospective Multicenter 34 

Cross-Sectional Study. Frontiers in Medicine 2021;8. 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



39 
 

107. Rizvi AA, Kathuria A, Al Mahmeed W et al. Post-COVID syndrome, inflammation, and 1 
diabetes. Journal of Diabetes and its Complications 2022;36:108336. 2 

108. Xie Y, Al-Aly Z. Risks and burdens of incident diabetes in long COVID: a cohort study. 3 
The Lancet Diabetes & Endocrinology 2022;10:311–21. 4 

109. Vyas P, Joshi D, Sharma V et al. Incidence and predictors of development of new onset 5 
hypertension post COVID-19 disease. Indian Heart Journal 2023, DOI: 6 
10.1016/j.ihj.2023.06.002. 7 

110. Garcia-Zamora S, Picco JM, Lepori AJ et al. Abnormal echocardiographic findings after 8 
COVID-19 infection: a multicenter registry. Int J Cardiovasc Imaging 2023;39:77–85. 9 

111. Moody WE, Liu B, Mahmoud-Elsayed HM et al. Persisting Adverse Ventricular 10 
Remodeling in COVID-19 Survivors: A Longitudinal Echocardiographic Study. Journal of the 11 
American Society of Echocardiography 2021;34:562–6. 12 

112. Tangen J, Aukrust P, Barratt-Due A et al. Reduced Cardiac Function by Echocardiography 13 
in a Minority of COVID-19 Patients 3 Months after Hospitalization. Journal of the American 14 

Society of Echocardiography 2022;35:243–4. 15 

113. Niebauer JH, Binder-Rodriguez C, Iscel A et al. Cardiopulmonary Long-Term Sequelae in 16 
Patients after Severe COVID-19 Disease. Journal of Clinical Medicine 2023;12:1536. 17 

114. Akkaya F, Yenerçağ FNT, Kaya A et al. Long term effects of mild severity COVID‑19 on 18 
right ventricular functions. Int J Cardiovasc Imaging 2021;37:3451–7. 19 

115. Turan T, Özderya A, Şahin S et al. Left ventricular global longitudinal strain in low cardiac 20 
risk outpatients who recently recovered from coronavirus disease 2019. Int J Cardiovasc 21 
Imaging 2021;37:2979–89. 22 

116. Baruch G, Rothschild E, Sadon S et al. Evolution of right and left ventricle routine and 23 
speckle-tracking echocardiography in patients recovering from coronavirus disease 2019: a 24 

longitudinal study. European Heart Journal - Cardiovascular Imaging 2022;23:1055–65. 25 

117. Huang L, Zhao P, Tang D et al. Cardiac Involvement in Patients Recovered From COVID-26 
2019 Identified Using Magnetic Resonance Imaging. JACC: Cardiovascular Imaging 27 

2020;13:2330–9. 28 

118. Vidula MK, Rajewska-Tabor J, Cao JJ et al. Myocardial Injury on CMR in Patients With 29 

COVID-19 and Suspected Cardiac Involvement. JACC: Cardiovascular Imaging 2023;16:609–30 
24. 31 

119. Roca-Fernandez A, Wamil M, Telford A et al. Cardiac abnormalities in Long COVID 1-32 

year post-SARS-CoV-2 infection. Open Heart 2023;10:e002241. 33 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



40 
 

120. Wang H, Li R, Zhou Z et al. Cardiac involvement in COVID-19 patients: mid-term follow 1 
up by cardiovascular magnetic resonance. Journal of Cardiovascular Magnetic Resonance 2 

2021;23:14. 3 

121. Lala A, Johnson KW, Januzzi JL et al. Prevalence and Impact of Myocardial Injury in 4 

Patients Hospitalized With COVID-19 Infection. Journal of the American College of Cardiology 5 
2020;76:533–46. 6 

122. Dweck MR, Bularga A, Hahn RT et al. Global evaluation of echocardiography in patients 7 

with COVID-19. European Heart Journal - Cardiovascular Imaging 2020;21:949–58. 8 

123. Akbulut M, Tan S, Department of Cardiology, Faculty of Medicine, Ankara University, 9 

Ankara, Turkey et al. Evaluation of Cardiac Function in Uncomplicated COVID-19 Survivors by 10 
2-Dimensional Speckle Tracking Imaging. The Anatolian Journal of Cardiology 2022;26:841–8. 11 

124. Cannata F, Pinto G, Chiarito M et al. Long-term prognostic impact of subclinical 12 

myocardial dysfunction in patients recovered from COVID-19. Echocardiography 2023;40:464–13 
74. 14 

125. Cecchetto A, Torreggiani G, Guarnieri G et al. Subclinical Myocardial Injury in Patients 15 
Recovered from COVID-19 Pneumonia: Predictors and Longitudinal Assessment. Journal of 16 
Cardiovascular Development and Disease 2023;10:179. 17 

126. De A, Bansal M. Clinical profile and the extent of residual myocardial dysfunction among 18 
patients with previous coronavirus disease 2019. Int J Cardiovasc Imaging 2023;39:887–94. 19 

127. Filippetti L, Pace N, Louis J-S et al. Long-Lasting Myocardial and Skeletal Muscle Damage 20 
Evidenced by Serial CMR During the First Year in COVID-19 Patients From the First Wave. 21 
Frontiers in Cardiovascular Medicine 2022;9. 22 

128. González JE, Doltra A, Perea RJ et al. Cardiac Injury Before and After COVID-19: A 23 
Longitudinal Cardiac Magnetic Resonance Study. JACC: Cardiovascular Imaging 2023;16:559–24 

62. 25 

129. Gorecka M, Jex N, Thirunavukarasu S et al. Cardiovascular magnetic resonance imaging 26 
and spectroscopy in clinical long-COVID-19 syndrome: a prospective case–control study. J 27 

Cardiovasc Magn Reson 2022;24:50. 28 

130. Joy G, Artico J, Kurdi H et al. Prospective Case-Control Study of Cardiovascular 29 

Abnormalities 6 Months Following Mild COVID-19 in Healthcare Workers. JACC: 30 
Cardiovascular Imaging 2021;14:2155–66. 31 

131. Kotecha T, Knight DS, Razvi Y et al. Patterns of myocardial injury in recovered troponin-32 

positive COVID-19 patients assessed by cardiovascular magnetic resonance. European Heart 33 
Journal 2021;42:1866–78. 34 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



41 
 

132. Kunal S, Bagarhatta P, Palleda GM et al. Role of cardiovascular magnetic resonance 1 
imaging in COVID-19 recovered patients: A short-term follow-up study. Echocardiography 2 

2022;39:1401–11. 3 

133. Storz MA. Lifestyle Adjustments in Long-COVID Management: Potential Benefits of 4 

Plant-Based Diets. Curr Nutr Rep 2021;10:352–63. 5 

134. Saha S, Sharma K. Modification of Lifestyle to Recover from Post-COVID Symptoms: A 6 
Short Review. J Lifestyle Med 2022;12:113–8. 7 

135. Kim H, Rebholz CM, Hegde S et al. Plant-based diets, pescatarian diets and COVID-19 8 
severity: a population-based case-control study in six countries. BMJ Nutr Prev Health 9 

2021;4:257–66. 10 

136. Antonelli M, Penfold RS, Merino J et al. Risk factors and disease profile of post-11 
vaccination SARS-CoV-2 infection in UK users of the COVID Symptom Study app: a 12 

prospective, community-based, nested, case-control study. The Lancet Infectious Diseases 13 
2022;22:43–55. 14 

137. Watanabe A, Iwagami M, Yasuhara J et al. Protective effect of COVID-19 vaccination 15 
against long COVID syndrome: A systematic review and meta-analysis. Vaccine 2023;41:1783–16 
90. 17 

138. Parodi JB, Indavere A, Bobadilla Jacob P et al. Impact of COVID-19 vaccination in post-18 
COVID cardiac complications. Vaccine 2023;41:1524–8. 19 

139. Bramante CT, Huling JD, Tignanelli CJ et al. Randomized Trial of Metformin, Ivermectin, 20 
and Fluvoxamine for Covid-19. N Engl J Med 2022;387:599–610. 21 

140. Ventura-López C, Cervantes-Luevano K, Aguirre-Sánchez JS et al. Treatment with 22 

metformin glycinate reduces SARS-CoV-2 viral load: An in vitro model and randomized, 23 
double-blind, Phase IIb clinical trial. Biomed Pharmacother 2022;152:113223. 24 

141. Xie Y, Bowe B, Al-Aly Z. Molnupiravir and risk of hospital admission or death in adults 25 
with covid-19: emulation of a randomized target trial using electronic health records. BMJ 26 
2023;380:e072705. 27 

142. Fung KW, Baye F, Baik SH et al. Nirmatrelvir and Molnupiravir and Post–COVID-19 28 
Condition in Older Patients. JAMA Internal Medicine 2023, DOI: 29 

10.1001/jamainternmed.2023.5099. 30 

143. Hammond J, Leister-Tebbe H, Gardner A et al. Oral Nirmatrelvir for High-Risk, 31 
Nonhospitalized Adults with Covid-19. N Engl J Med 2022;386:1397–408. 32 

144. Lamb YN. Nirmatrelvir Plus Ritonavir: First Approval. Drugs 2022;82:585–91. 33 

145. Xie Y, Choi T, Al-Aly Z. Association of Treatment With Nirmatrelvir and the Risk of Post–34 

COVID-19 Condition. JAMA Internal Medicine 2023;183:554–64. 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024



42 
 

146. Corrado J, Iftekhar N, Halpin S et al. HEART Rate Variability Biofeedback for LOng 1 
COVID Dysautonomia (HEARTLOC): Results of a Feasibility Study. Advances in 2 

Rehabilitation Science and Practice 2024;13:27536351241227261. 3 

147. Mizrahi B, Sudry T, Flaks-Manov N et al. Long covid outcomes at one year after mild 4 

SARS-CoV-2 infection: nationwide cohort study. BMJ 2023;380:e072529. 5 

 6 

 7 

Graphical Abstract 8 
254x178 mm ( x  DPI) 9 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae070/7611954 by U
niversitaetsbibliothek Bern user on 22 February 2024


