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Abstract
Background  A growing proportion of people experience incomplete recovery months after contracting coronavirus 
disease 2019 (COVID-19). These COVID-19 survivors develop a condition known as post-COVID syndrome (PCS), where 
COVID-19 symptoms persist for > 12 weeks after acute infection. Limited studies have investigated PCS risk factors 
that notably include pre-existing cardiovascular diseases (CVD), which should be examined considering the most 
recent PCS data. This review aims to identify CVD as a risk factor for PCS development in COVID-19 survivors.

Methods  Following the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) checklist, 
systematic literature searches were performed in the PubMed, Scopus, and Web of Science databases from the earliest 
date available to June 2023. Data from observational studies in English that described the association between CVD 
and PCS in adults (≥ 18 years old) were included. A minimum of two authors independently performed the screening, 
study selection, data extraction, data synthesis, and quality assessment (Newcastle-Ottawa Scale). The protocol of this 
review was registered under PROSPERO (ID: CRD42023440834).

Results  In total, 594 studies were screened after duplicates and non-original articles had been removed. Of the 
11 included studies, CVD including hypertension (six studies), heart failure (three studies), and others (two studies) 
were significantly associated with PCS development with different factors considered. The included studies were of 
moderate to high methodological quality.

Conclusion  Our review highlighted that COVID-19 survivors with pre-existing CVD have a significantly greater risk 
of developing PCS symptomology than survivors without pre-existing CVD. As heart failure, hypertension and other 
CVD are associated with a higher risk of developing PCS, comprehensive screening and thorough examinations are 
essential to minimise the impact of PCS and improve patients’ disease progression.

Keywords  Chronic long COVID-19, Heart diseases, Hypertension, Heart failure, Myocardial infarction, Ischaemia, Heart 
attack, Peripheral diseases, Cardiac arrhythmia
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Introduction
Coronavirus disease 2019 (COVID-19) has caused a 
significant burden worldwide. The clinical spectrum of 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infections can range from asymptomatic infec-
tion through respiratory disease, to multi-organ failure, 
and death [1]. The common symptoms include fatigue, 
dyspnoea, palpitations, sleep difficulties, and anxiety [2]. 
There are hundreds of millions of COVID-19 survivors 
worldwide, of whom some reported experiencing incom-
plete recovery months after contracting the acute illness, 
which is a condition known as post-COVID syndrome 
(PCS) [3–5]. While the acute stage of COVID-19 was 
identified early, the underlying aetiology of persistent and 
varying symptomatology of PCS remains inadequate [6].

PCS is described as a condition where patients develop 
several persistent symptoms for > 12 weeks after acute 
COVID-19 infection and that cannot be explained by 
any alternative diagnosis [7]. The estimated prevalence 
of PCS is between 10% and 35% [8, 9]. The long-term 
effects on physical and mental health constitute a ris-
ing public health problem and a serious challenge for 
healthcare systems. Thus, the critical understanding of 
the predisposing elements of PCS development should be 
emphasised to enable the identification of the significant 
determinants [10]. Clinicians would benefit from being 
able to quickly provide the correct treatment and sup-
port with a whole-patient view to reduce morbidity and 
improve outcomes. This would be facilitated by being 
able to identify the groups most at risk for PCS [11].

The documented incidence of PCS varies significantly 
between and within several nations, including the UK 
(1.6–71%), Africa (68%), Italy (5–51%), India (22%), China 
(49–76%), and the USA (16–53%) [12]. When compared 
to community studies such as Sudre et al. [13], studies 
that evaluated hospitalised patients typically reported 
higher prevalence estimates, e.g. 76% in Huang et al. [14] 
and 71% in Evans et al. [15], which reflects the complex 
relationship between acute illness severity, comorbidities, 
and persistent symptoms. The substantial variation in 
prevalence estimates among the different studies might 
have been due to variations in the study population such 
as sociodemographics, clinical practices and treatment 
protocols, duration of follow-up etc. [4].

A higher risk of developing PCS was associated with 
a gradient increase in age, female, hospitalisation dur-
ing acute COVID-19, symptom load including dyspnoea 
and chest pain, and the existence of comorbidities such 
as asthma [13, 16]. Galal et al. [17] reported that 26.5% of 
PCS patients had chronic diseases, and hypertension was 
the most significant comorbidity associated with PCS, 
followed by chronic pulmonary diseases. These CVD 
conditions included pericarditis (hazard ratio [HR] = 1.85, 
95% confidence interval [CI]: 1.61–2.13), heart failure 

(HR = 1.72, 95% CI: 1.65–1.80), ischemic heart disease 
(HR = 1.72, 95% CI: 1.56–1.90), and atrial fibrillation 
(HR = 1.71, 95% CI: 1.64–1.79) [18].

Presently, studies that discuss the risk factors asso-
ciated with PCS, specifically pre-existing comorbidi-
ties such as CVD, are limited. It is a critical necessity to 
understand CVD as a risk factor for PCS in the literature. 
Furthermore, the effect of medical disorders specifically 
CVD on PCS patients and whether the spectrum differs 
from that of patients without CVD must be investigated 
considering newly available data on PCS. Therefore, this 
systematic review aimed to identify CVD as the risk 
factor for PCS development. Thus, it would enable the 
identification of people who are at risk, assist with early 
screening and diagnosis, and establish suitable manage-
ment that better serves their requirements [19, 20].

Methods
This systematic review aimed to identify the association 
between CVD and PCS worldwide and was designed and 
conducted following Preferred Reporting Items for Sys-
tematic Review and Meta-Analyses (PRISMA) guidelines 
[21]. The registration protocol was registered with the 
International Prospective Register of Systematic Reviews 
(PROSPERO ID: CRD42023440834). The authors 
designed the research questions, study protocol, search 
strategies, and eligibility criteria independently. PCS was 
defined as a condition when patients experience new 
or persistent COVID-19 symptoms for > 12 weeks after 
acute SARS-CoV-2 infection that cannot be explained by 
any alternative diagnosis.

Data sources and searches
The relevant search terms were identified using medical 
subject heading (MeSH) phrases and synonyms corre-
lated to the review topic. A systematic search was per-
formed with expert librarian support using the Scopus, 
PubMed, and Web of Science (WOS) electronic data-
bases without language restriction. Studies published 
from 1 January 2020 to June 2023 were included in the 
search. The search also involved PCS- and CVD-related 
terms, and the whole search term strategy was con-
structed with Boolean operators (outlined in Table  1). 
After retrieving and compiling the identified references 
from all databases in Endnote version 20.6, duplicates 
were eliminated, and the shortlisted publications were 
transferred to Microsoft Excel for subsequent screening.

Eligibility criteria
One author selected the studies independently following 
the PICO (population, interest, comparator, outcome) 
framework. A second author resolved any uncertainties. 
Only original articles with observational study designs 
were included. Hence, reviews, case reports, pre-prints, 
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editorials, research letters, and other non-original pub-
lications were excluded. Additionally, articles were 
excluded if the full text was not available and if the pub-
lication was non-open access. The review was limited 
to human studies and articles written in English. Thus, 
only studies that included adult patients (≥ 18 years old) 
with confirmed COVID-19 infection by nasopharyngeal 
swab PCR testing and that reported the association of 
CVD with persisting COVID-19 symptoms after at least 
12 weeks from the recovery of acute COVID-19 infec-
tion were included. Investigations involving children 
(< 18 years old) and studies with < 100 participants were 
excluded to prevent small study effects.

Data screening and extraction
Cross-sectional, case-control, and observational cohort 
studies were included in this review. These studies inves-
tigated COVID-19 survivors in outpatient or inpatient 
settings and assessed whether there were risk factors 
for COVID-19 symptoms that persisted for > 12 weeks 
after the initial infection. After obtaining the articles 
from the database searches, two authors removed all 
duplicates and independently screened the article titles 
and abstracts. The full text of all relevant articles was 
retrieved and analysed. The reference lists of the included 
articles were manually screened using the eligibility 
criteria.

The following data from each study was extracted to 
Microsoft Excel: (1) general information, (authors, coun-
try), (2) study characteristics (year, country, study design, 
sample size, mean or median age, percentage of female 
participants), (3) assessment of symptoms; (4) follow-up 
duration, and (5) outcomes of the risk factors for PCS. 
A third author was consulted and resolved any discrep-
ancies between reviewers during the screening and data 
extraction. Figure 1 illustrates the PRISMA flowchart of 
the study selection process and depicts the total number 
of retrieved publications and the number of included and 
excluded studies.

Methodological quality assessment
The methodological quality of the included studies was 
evaluated using the Newcastle-Ottawa Scale (NOS). 
Studies were scored on overall quality with 0 (mini-
mum) to 8 (maximum) points according to NOS crite-
ria. The studies were assessed critically based on each 
NOS domain (selection, comparability, outcome). Sub-
sequently, the quality scores were ranked as poor (0–3), 
moderate [4–6], or high (7–8).

Data synthesis and analysis
The review results are presented descriptively, and the 
odds ratio (OR) was analysed. We used a standardised 
mean difference and effect sizes and their 95% CI for con-
tinuous data. The eligible studies are compiled in tables 
that outline the overall study features and main findings 
to achieve thorough and transparent reporting and to 
facilitate interpretation. We included significant p-values 
from the multiple-regression model data, however, if the 
studies absent of this model, we used bivariate analysis 
data to identify the association between CVD and PCS.

Results
Study selection
A total of 859 references were retrieved from the elec-
tronic databases and uploaded to EndNote for automated 
duplication checks, where all duplicate articles and ineli-
gible publication types (n = 265) were discarded. Subse-
quently, 594 references remained for the topic screening. 
Of these, 422 references were excluded: 76 case reports 
or case series, 108 reviews or meta-analysis studies, and 
249 unrelated addressed topics. Next, the full text of the 
remaining 161 articles were reviewed, where 150 articles 
were removed, leaving 11 articles that were ultimately 
included in the review. Disagreements regarding the arti-
cle’s inclusion or exclusion were resolved via internal dis-
cussions among the authors.

Table 1  Database formula during literature search
PubMed Formula
((“Post-COVID-19 syndrome“[Title/Abstract] OR “Post-COVID syndrome“[Title/Abstract] OR “Long COVID-19“[Title/Abstract] OR “Long COVID“[Title/
Abstract] OR “persistent COVID-19“[Title/Abstract] OR “chronic COVID-19“[Title/Abstract] OR “Long COVID-19 symptoms“[Title/Abstract] OR “COVID-
19 sequelae“[Title/Abstract])) AND ((“cardiovascular disease*“[Title/Abstract] OR “hypertension“[Title/Abstract] OR “heart disease*“[Title/Abstract] 
OR “angina“[Title/Abstract] OR “myocardial infarction“[Title/Abstract] OR “heart failure“[Title/Abstract] OR “heart attack“[Title/Abstract] OR “isch? 
emia“[Title/Abstract]))
Scopus Formula
( TITLE-ABS-KEY ( ( “Post-COVID-19 syndrome” OR “Post-COVID syndrome” OR “Long COVID-19” OR “Long COVID” OR “persistent COVID-19” OR “chronic 
COVID-19” OR “Long COVID-19 symptoms” OR “COVID-19 sequelae” ) ) AND TITLE-ABS-KEY ( ( “cardiovascular disease*” OR “hypertension” OR “heart 
disease*” OR “angina” OR “myocardial infarction” OR “heart failure” OR “heart attack” OR “isch? emia” ) ) ) AND PUBYEAR > 2019 AND PUBYEAR < 2024 AND 
( LIMIT-TO ( DOCTYPE, “ar” ) )
Web of Science Formula
(“Post-COVID-19 syndrome” OR “Post-COVID syndrome” OR “Long COVID-19” OR “Long COVID” OR “persistent COVID-19” OR “chronic COVID-19” OR 
“Long COVID-19 symptoms” OR “COVID-19 sequelae”) (Topic) and (“cardiovascular disease*” OR “hypertension” OR “heart disease*” OR “angina” OR “myo-
cardial infarction” OR “heart failure” OR “heart attack” OR “isch? emia”) (Topic) and Article (Document Types)
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Study characteristics
Table 2 summarises the 11 included studies, which were 
conducted in the US (three studies) and France, Brazil, 
Italy, China, Poland, India, Saudi Arabia, and the UK 
(one study each). The included studies were principally 
observational studies: seven prospective cohorts, three 
retrospective cohorts, and one cross-sectional, which 
examined the CVD factors associated with PCS. The 

studies had differing mean or median ages, sample sizes, 
proportions of female participants, symptom assess-
ments, and follow-up durations. The included studies 
had sample sizes of 100–916,894 participants. The mean 
or median age was > 50 years (seven studies), < 50 years 
(two studies), and was not mentioned in the remaining 
two studies. The percentage of female participants was 
10.9–60.8%.

Fig. 1  PRISMA flowchart of the study selection
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Main findings
The 11 articles, which involved > 1.5  million COVID-19 
survivors, were analysed to determine the association 
between PCS and CVD (Table 2). The pre-existing CVD 
were hypertension (six studies), congestive or chronic 
heart failure (three studies), myocardial infarction, 
peripheral arterial disease, venous thromboembolism 
(two studies each), peripheral vascular disease, cardiac 
arrhythmia, ischaemic heart disease, and non-specific 
CVD (one study each). Six studies reported an asso-
ciation between a single CVD and the presence of PCS, 
while five studies reported multiple CVD and the pres-
ence of PCS. The data were presented as means, medians, 
percentages, and OR. All included studies presented the 
main findings with the OR.

Single CVD and PCS
Six articles reported an association between a single 
CVD and PCS development. Ko et al. reported that 
hypertension was associated with more frequent per-
sistent symptoms (OR 1.64; 95% CI 1.04–2.61; p = 0.04) 
[22]. Moreover, the greater likelihood of long COVID 
symptoms 12–20 weeks after the index acute COVID-19 
infection was most strongly correlated with hypertension 
(OR 1.47; 95% CI 1.44–1.49). The PCS condition involves 
multi-system symptoms such as joint stiffness, cough, 
fatigue, and chest pain [3, 6–8, 28]. Additionally, hyper-
tensive patients had higher odds of post-COVID sequelae 
compared to non-comorbid patients (OR 2.06; 95% CI 
1.07–3.96, p = 0.029) [29].

Hypertension was also associated with lower metabolic 
equivalent of task (MET) exercise tolerance scores (OR 
0.40; 95% CI 0.18–0.87) during follow-up. Ten variables 
that ranged from at rest to performing simple activities 
were assessed [30]. Hypertension was another potential 
risk factor for post-COVID sequelae 1 year after dis-
charge. Hypertension was attributed to an increased risk 
of fatigue (OR 2.51; 95% CI 1.08–5.80, p = 0.03), shortness 
of breath (OR 2.34; 95% CI 1.16– 4.69, p = 0.02), palpita-
tions (OR 2.82; 95% CI 1.26–6.31, p = 0.01), expectoration 
(OR 2.08; 95% CI 1.01–4.30, p = 0.04), and sore throat 
(OR 2.71; 95% CI 1.30–5.65, p = 0.01) [31]. Due to the 
necessary reduction in fundamental daily activities and 
a higher rate of complications than COVID-19 survivors 
without chronic heart failure, COVID-19 survivors with 
chronic heart failure required rehospitalisation. There-
fore, COVID-19 patients with chronic heart failure had 
a three-fold greater rate of rehospitalisation compared 
to the controls [26]. Furthermore, myocardial infarction 
was substantially more frequently reported in patients 
with PCS (OR 2.57; 95% CI 1.04–6.32) [25].
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Multiple CVD and PCS
Freire et al. observed that patients with congestive heart 
failure and peripheral arterial disease commonly devel-
oped persistent myalgia, cough, and diarrhoea within the 
follow-up duration [23]. This was consistent with data 
that revealed that long COVID care (general care, mental 
health care, specialty treatment in the prior 2 years) was 
associated not only with congestive heart failure, but also 
with myocardial infarction, peripheral arterial disease, 
and venous thromboembolism [24].

Among hospitalised and outpatient COVID-19 
patients, venous thromboembolism and cardiac arrhyth-
mia were significantly associated with a higher incidence 
of either physical or mental health conditions as com-
pared to that in COVID-19-negative patients. Similarly, 
hospitalised COVID-19 patients with hypertensive con-
ditions and outpatient COVID-19 patients with isch-
aemic heart disease and peripheral venous disease had 
a significant likelihood of developing new physical or 
mental health conditions, respectively [27]. The physi-
cal health conditions included fatigue, dyspnea, chest 
pain, myalgia, and cough, meanwhile, mental health 
conditions such as insomnia, panic disorder, cognitive 
blunting, and depressive disorder [3, 5, 27]. Zheng et al. 
reported a higher Medical Research Council (MRC) dys-
pnoea score in patients with CVD, which was consistent 
with increased odds of worsening dyspnoea over 1 year 
in those with CVD (OR 1.69; 95% CI 1.27–2.25) [32].

Methodological quality assessment
NOS assessment of the methodological quality of the 
included studies revealed that they were of moderate or 
high quality (Table  3), i.e. ≥6 points. The studies were 
ranked from low to high according to methodological 
quality to highlight the most reliable data.

Discussion
Post-COVID syndrome
Following the COVID-19 outbreak, a significant propor-
tion of COVID-19 survivors worldwide developed per-
sistent symptoms for up to 1 year past the initial acute 
infection phase, a disorder known as PCS [7, 33]. This 
phenomenon indicates that managing COVID-19 after-
effects is crucial. COVID-19 sequelae may range from 
mild to severe persistent symptoms. Some patients might 
develop mild symptoms, commonly fatigue, cough, 
headache, muscle pain, cognitive problems, insomnia, 
and psychological symptoms 12 weeks from the initial 
COVID-19 infection [5, 34], while patients who develop 
chronic symptoms, including shortness of breath, chest 
pain, and diarrhoea, might require rehospitalisation. 
Over time, these symptoms might fluctuate, flare up, 
or relapse, negatively affecting multiple organ systems 
[34–36].

CVD and PCS
Numerous studies have reported that even after the 
acute infection has been treated, many COVID-19 survi-
vors with comorbidities might continue to have new or 
ongoing symptoms, which might be directly related to 
pre-infection factors. Arjun et al. reported that a higher 
incidence of PCS symptoms was correlated to various 
comorbidities [37]. The comorbidities with the highest 
association were hypertension, diabetes mellitus, cardiac 
problems, asthma, kidney problems, other pulmonary 
disorders, and cancer. Hence, most patients continue to 
experience productivity difficulties in their daily life > 12 
weeks after acute infection [38].

The present review investigated the relationship 
between PCS and premorbid conditions, particularly 
CVD, in PCS patients globally. The results supported 
prior findings that CVD is associated with PCS devel-
opment. The key results of the present review were that 
patients with pre-existing CVD were more likely to 

Table 3  Methodological quality assessment of included studies
Authors Study designa Newcastle-Ottawa Scale Quality score

Selection Comparability Outcome
Zhang et al. (2022) [31] PC 3 1 2 6
Freire et al. (2022) [23] PC 4 1 2 7
Patel et al. (2022) [27] RC 3 1 3 7
Jakubowska et al. (2022) [25] PC 3 1 3 7
Shukla et al. (2023) [29] CS 3 1 3 7
Tleyjeh et al. (2022) [30] RC 3 1 3 7
Zheng et al. (2023) [32] PC 3 1 3 7
Ko et al. (2022) [22] PC 4 1 3 8
Ioannou et al. (2022) [24] RC 4 1 3 8
Okoye et al. (2023) [26] PC 4 1 3 8
Sedgley et al. (2023) [28] RC 4 1 3 8
Notes: a CS: Cross-sectional; PC: Prospective cohort; RC: Retrospective cohort
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experience PCS. The prevalence of CVD highlighted the 
complex burden of PCS on individuals. Furthermore, 
we determined that all included studies reported dispa-
rate outcomes, which limited the therapeutic application 
of this knowledge. The evidence from this systematic 
review suggested that CVD such as hypertension, con-
gestive or chronic heart failure, myocardial infarction, 
transient ischemic attack, peripheral arterial or venous 
disease, venous thromboembolism, cardiac arrhythmia, 
and ischaemic heart disease are associated with a higher 
likelihood of developing mild to severe PCS. Thus, PCS 
patients with these pre-existing CVD were identified as a 
high-risk group for acquiring PCS symptoms.

In this study, hypertension was associated with higher 
risks for most post-infection symptoms [23, 27–31]. In 
fact, hypertension was a significant risk factor for mul-
tiple sequelae such as fatigue, cough, palpitations, chest 
tightness, and shortness of breath [39, 40]. Consequently, 
COVID-19 survivors with hypertension might endure 
similar symptoms for an extended period [41]. More-
over, following an acute COVID-19 infection, patients 
with underlying cardiovascular issues may require longer 
recovery times. Research has demonstrated that those 
with CVD are more likely to experience serious condi-
tions and may need longer hospital stays, both of which 
can prolong the duration of PCS [42, 43].

Additionally, common cardiac involvement arose due 
to fluctuating heart rates and blood pressure responses to 
clinical assessments. COVID-19 has been related to elec-
trocardiographic abnormalities, which include right ven-
tricular dysfunction (26.3%), left ventricular dysfunction 
(18.4%), diastolic dysfunction (13.2%), and pericardial 
perfusion (7.2%). These issues might impair heart func-
tion, elevate blood pressure, and aggravate hypertensive 
conditions. It is unknown how much of this is reversible 
in patients who progress to PCS [44, 45]. Furthermore, 
the length of PCS in this high-risk group can be pro-
longed by long-term consequences like myocardial dam-
age, myocarditis, and arrhythmias [46, 47].

Our findings indicated that heart failure and periph-
eral arterial or venous disease resulted in hospital read-
mission or the requirement for PCS medical care due to 
severe persistent symptoms such as coughing and diar-
rhoea [23, 24, 26]. This was consistent with the outcomes 
of a previous study, which reported that a diagnosis of 
heart failure increased the likelihood of readmission 
within 60 days of being discharged by four times [48]. 
Similarly, chronic heart failure was the predominant clin-
ical feature that caused rehospitalisation, with approxi-
mately 3-fold higher prevalence of rehospitalisation 
compared to the control group. Rey et al. also observed 
that SARS-CoV-2 potentially causes cardiac injury and 
could lead to increased recurrent acute decompensation, 
especially in older people with compromised baseline 

cardiopulmonary features [49]. Whether COVID-19 
directly damages the myocardium or pre-existing heart 
failure explains this connection continues to be debated 
[50–52].

Our study also revealed that COVID-19 survivors with 
myocardial infarction had difficulty performing regular 
activities and had sleep problems, which affected their 
quality of life [24, 25]. The most prevalent abnormality 
detected with acute COVID-19 infection is myocardial 
damage, which is typically identified when patients have 
increased cardiac troponin levels and might be present 
in a significant percentage of COVID-19 patients [53, 
54]. Furthermore, PCS patients might experience chest 
pain (17%), palpitations (20%), and dyspnoea with exer-
tion [45, 55]. The incidence of cardiac arrhythmias in 
PCS is unknown, but some patients could experience pal-
pitations [56]. Additionally, cardiac sequelae from acute 
COVID-19, such as peripheral arterial or venous disor-
ders, coronary artery aneurysms, and arterial or venous 
thromboembolism, can emerge in PCS patients long after 
recovery from acute illness. These anatomical anomalies 
can cause shortness of breath and chest pain or tightness 
[44]. Symptom frequency might decrease as the infection 
progresses, which renders the timing of the assessment 
crucial [4].

Besides, our data emphasised that patients with hyper-
tension, heart failure, heart attack etc. have illuminated 
the severity of PCS and the urgency of this problem. Poli-
cymakers can comprehend the full extent of the problem 
and its effects on public health by measuring the burden 
of this issue. Furthermore, our findings also can help 
design holistic public health strategies that resolve sev-
eral factors influencing health, such as medication acces-
sibility, rehabilitative medical treatment, and at-home 
physical activity [57, 58]. Long-term monitoring and 
management strategies are crucial for those with pre-
existing CVD, given the possible impact of CVD on the 
duration and course of PCS. Several guidelines have been 
established by different organisations in various countries 
for managing high-risk groups that require close moni-
toring of cardiac function, risk factor prevention, and 
multidisciplinary care coordination [59, 60].

Strengths, limitations and future directions
A strength of our study is that we comprehensively 
searched all currently available evidence with a focus 
on the correlation between multiple pre-existing CVD 
and a higher risk of acquiring PCS, which resulted in the 
inclusion of 11 studies in this review. Our main findings 
demonstrated the characterisation of PCS symptomatol-
ogy in different populations and highlighted its implica-
tions concerning various CVD types. It underscores how 
crucial it is to strengthen the comprehensive approach 
to emphasise that several disciplines must assist PCS 
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patients. This is a helpful way to demonstrate our dedica-
tion to providing patients with holistic care. In addition, 
the methodological quality evaluation of the included 
studies was rated as good quality and was deemed to be 
mostly satisfactory.

A major limitation of this review was that the included 
studies had substantially heterogeneous study designs, 
demographics, settings, mean ages, sample sizes, symp-
tom testing techniques, and follow-up intervals. Fur-
thermore, the combination of cohort sampling and 
data-collecting procedures could have yielded inconsis-
tent and diverse results. However, our results were con-
sistent and reflected the association between CVD and 
PCS. Additionally, we identified studies that primarily 
used validated definitions of PCS for standardisation, 
which was similar to Greenhalgh et al. [7]. These findings 
emphasised the need for more research with improved 
confounding factor control, coordinated PCS evaluation 
tools, and the use of a consistent and validated defini-
tion of PCS to improve quality standards and minimise 
reporting heterogeneity.

Future research needs to homogenise methods and 
data collection to ensure the outcome is more reliable 
and relevant. Since our findings are based primarily on 
observation studies, which resulted in a small number of 
included studies, we advise future research to incorporate 
other study designs to gain more reliable information and 
diverse points of view in different populations. Our work 
underscores the necessity of more research involving a 
wider range of populations. Subsequent investigations 
ought to concentrate on clarifying the processes that 
underlie the reported impacts of PCS. Future research 
may change clinical practice standards and enhance 
patient care by pursuing these research goals and advanc-
ing the field’s understanding.

Conclusion
Our systematic review indicated that CVD might be the 
risk factor for the emergence of PCS. Currently, COVID-
19 survivors with pre-existing CVD such as hypertension 
and heart failure have a greater likelihood of develop-
ing PCS than COVID-19 survivors without CVD. PCS 
clearly affects various populations and exhibits a broad 
spectrum of symptoms. We wish to highlight the fact 
that the burden of PCS will escalate as more people with 
CVD develop the condition. Additionally, as heart fail-
ure, hypertension, and other CVD are associated with a 
higher risk of developing PCS, it is necessary to screen 
and examine these patients more thoroughly and early 
on during follow-up sessions to improve their outcomes. 
These groups at risk also need comprehensive health-
care management and effective preventative strategies to 
reduce the likelihood of any inaccurate measures. Given 
the challenging circumstances and negative effects of 

PCS on an individual, additional research is suggested 
to obtain more knowledge and create specific guidelines 
for certain populations, such as those with premorbid 
conditions.

Abbreviations
CVD	� Cardiovascular diseases
CCI	� Charlson Comorbidity Index CFS: Chronic fatigability 

syndrome
CGA	� Comprehensive geriatric assessment
CI	� Confidence interval
COVID-19	� Coronavirus disease 2019
CS	� Cross-sectional
CIRS-s	� Cumulative Illness Rating Scale
EMR	� Electronic medical records
HGS	� Handgrip strength test
HR	� Hazard ratio
MRC	� Medical Research Council
MeSH	� Medical subject heading
MET	� Metabolic equivalent of task
NOS	� Newcastle-Ottawa Scale
PICO	� Population, interest, comparator, outcome
PCS	� Post-COVID syndrome
PRISMA	� Preferred Reporting Items for Systematic Review and 

Meta-Analyses
PC	� Prospective cohort
RC	� Retrospective cohort
SARS-CoV-2	� severe acute respiratory syndrome coronavirus 2
SPPB	� Short physical performance battery
SOB	� Shortness of breath
UK	� United Kingdom
USA	� United States of America
WOS	� Web of Science
WHO-5	� WHO-five well-being index

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-19300-4.

Supplementary Material 1

Acknowledgements
The authors gratefully acknowledge the Ministry of Higher Education (MoHE) 
Malaysia for supporting this research through Fundamental Research Grant 
Scheme (FRGS), grant number FRGS/1/2022/SKK04/UKM/02/2 and to those 
contributed in the production of this article.

Author contributions
NIS and AI developed the study concept and drafted the manuscript. NIS and 
RR were involved in the protocol development. NIS, AI, and RR performed 
online searches, screened the articles, and extracted the data. NIS, AFAA, LSS, 
AA and NSMT critically appraised the studies, interpreted the results, and 
formulated recommendations. All authors have reviewed and approved the 
manuscript for submission.

Funding
This research was funded by the Ministry of Higher Education (MoHE) 
Malaysia via the Fundamental Research Grant Scheme (FRGS), grant number 
FRGS/1/2022/SKK04/UKM/02/2.

Data availability
All data relevant to the study are included in the article or uploaded as 
online supplementary information. The protocol of this systematic review 
can be found at https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42023440834.

https://doi.org/10.1186/s12889-024-19300-4
https://doi.org/10.1186/s12889-024-19300-4
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023440834
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023440834


Page 10 of 11Sha’ari et al. BMC Public Health         (2024) 24:1846 

Declarations

Ethical approval and consent to participate
No patients or members of the public were involved in the settings or 
dissemination plans of this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 September 2023 / Accepted: 28 June 2024

References
1.	 Kingstone T, Taylor AK, O’Donnell CA, Atherton H, Blane DN, Chew-Graham 

CA. Finding the ‘right’ GP: a qualitative study of the experiences of people 
with long-COVID. BJGP Open. 2020;4:1–12. https://doi.org/10.3399/
BJGPOPEN20X101143.

2.	 Ladds E, Rushforth A, Wieringa S, Taylor S, Rayner C, Husain L, Greenhalgh 
T. Persistent symptoms after Covid-19: qualitative study of 114 long Covid 
patients and draft quality principles for services. BMC Health Serv Res. 
2020;20:1–13. https://doi.org/10.1186/S12913-020-06001-Y/TABLES/1.

3.	 Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, 
Cook JR, Nordvig AS, Shalev D, Sehrawat TS, Ahluwalia N, Bikdeli B, Dietz D, 
Der-Nigoghossian C, Liyanage-Don N, Rosner GF, Bernstein EJ, Mohan S, 
Beckley AA, Wan EY. Post-acute COVID-19 syndrome. Nat Med. 2021;27:601–
15. https://doi.org/10.1038/s41591-021-01283-z.

4.	 Raman B, Bluemke DA, Luscher TF, Neubauer S. Long COVID: post-
acute sequelae of COVID-19 with a cardiovascular focus. Eur Heart J. 
2022;43(11):1157–72. https://doi.org/10.1093/eurheartj/ehac031.

5.	 Subramanian A, Nirantharakumar K, Hughes S, Myles P, Williams T, Gokhale 
KM, Taverner T, Chandan JS, Brown K. Symptoms and risk factors for long 
COVID in non-hospitalized adults. Nat Med. 2022;28:1706–14. https://doi.
org/10.1038/s41591-022-01909-w.

6.	 Nabavi N. Long covid: how to define it and how to manage it. BMJ. 
2020;370:m3489. https://doi.org/10.1136/bmj.m3489.

7.	 Greenhalgh T, Knight M, A’Court C, Buxton M, Husain L. Management of post-
acute covid-19 in primary care. BMJ Open 370. 2020. https://doi.org/10.1136/
BMJ.M3026.

8.	 Pavli A, Theodoridou M, Maltezou HC. Post-COVID syndrome: incidence, clini-
cal spectrum, and challenges for primary Healthcare professionals. Arch Med 
Res. 2021;52(6):575–81. https://doi.org/10.3390/jcm11123390.

9.	 Tenforde MW, Kim SS, Lindsell CJ, Billig Rose E, Shapiro NI, Files DC, Gibbs KW, 
Erickson HL, Steingrub JS, Smithline HA, Gong MN, Aboodi MS, Exline MC, 
Henning DJ, Wilson JG, Khan A, Qadir N, Brown SM, Peltan ID, Wu MJ. Symp-
tom Duration and Risk factors for delayed return to Usual Health among out-
patients with COVID-19 in a Multistate Health Care Systems Network - United 
States, March-June 2020. Morb Mortal Wkly Rep. 2020;69:993–8. https://doi.
org/10.15585/MMWR.MM6930E1.

10.	 Magliette G, Diodati F, Puntoni M, Lazzarelli S, Marcomini B, Patrizi L, Caminiti 
C. Prognostic factors for Post-COVID-19 syndrome: a systematic review 
and Meta-analysis. J Clin Med. 2022;11:1541. https://doi.org/10.3390/
jcm11061541.

11.	 Sigfrid L, Cevik M, Jesudason E, Lim WS, Rello J, Amuasi J, Bozza F, Palmieri 
C, Munblit D, Holter JC, Kildal AB, Reyes LF, Russell CD, Ho A, Turtle L, Drake 
TM, Beltrame A, Hann K, Bangura IR, Scott JT. What is the recovery rate 
and risk of long-term consequences following a diagnosis of COVID-19? A 
harmonised, global longitudinal observational study protocol. BMJ Open. 
2021;11(3):e043887. https://doi.org/10.1136/bmjopen-2020-043887.

12.	 Han Q, Zheng B, Daines L, Sheikh A. Long-term sequelae of COVID-19: a 
systematic review and Meta-analysis of one-year Follow-Up studies on 
Post-COVID symptoms. Pathogens. 2022;11(2). https://doi.org/10.3390/
pathogens11020269.

13.	 Sudre CH, Murray B, Varsavsky T, Graham MS, Penfold RS, Bowyer RC, Pujol JC, 
Klaser K, Antonelli M, Canas LS, Molteni E, Modat M, Jorge Cardoso M, May 
A, Ganesh S, Davies R, Nguyen LH, Drew DA, Astley CM, Steves CJ. Attributes 
and predictors of long COVID. 2021;27:626–31. https://doi.org/10.1038/
S41591-021-01292-Y.

14.	 Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, Kang L, Guo L, Liu M, Zhou X, 
Luo J, Huang Z. 6-month consequences of COVID-19 in patients dis-
charged from hospital: a cohort study. Lancet. 2021;397:220–32. https://doi.
org/10.1016/S0140-6736(20)32656-8.

15.	 Evans RA, McAuley H, Harrison EM, Shikotra A, Singapuri A, Sereno M, Elneima 
O, Docherty AB, Lone NI, Leavy OC, Daines L, Baillie JK, Brown JS, Chalder T, De 
Soyza A, Diar Bakerly N, Easom N, Geddes JR, Greening NJ, Group P-CC. Physi-
cal, cognitive, and mental health impacts of COVID-19 after hospitalisation 
(PHOSP-COVID): a UK Multicentre, prospective cohort study. Lancet Respir 
Med. 2021;9(11):1275–87. https://doi.org/10.1016/S2213-2600(21)00383-0.

16.	 Jacobs LG, Paleoudis EG, Bari DLD, Nyirenda T, Friedman T, Gupta A, Rasouli 
L, Zetkulic M, Balani B, Ogedegbe C, Bawa H, Berrol L, Qureshi N, Aschner JL. 
Persistence of symptoms and quality of life at 35 days after hospitalization for 
COVID-19 infection. PLoS ONE, 2020;15. https://doi.org/10.1371/JOURNAL.
PONE.0243882.

17.	 Galal I, Hussein AARM, Amin MT, Saad MM, Zayan HEE, Abdelsayed MZ, 
Moustafa MM, Ezzat AR, Helmy RED, Abd_Elaal HK, Al Massry NA, Soliman 
MA, Ismail AM, Kholief KMS, Fathy E, Hashem MK. Determinants of persistent 
post-COVID-19 symptoms: value of a novel COVID-19 symptom score. Egypt 
J Bronchol. 2021;15(1). https://doi.org/10.1186/s43168-020-00049-4.

18.	 Xie Y, Xu E, Bowe b, Al-Aly Z. Long-term cardiovascular outcomes of COVID-
19. Nat Med. 2022;28:583–90. https://doi.org/10.1038/s41591-022-01689-3.

19.	 Patel K, Mehta R, Betz YM, Man LM. Cardiac complications from multisystem 
inflammatory syndrome associated with prior COVID-19 infection. BMJ Case 
Rep. 2022;15(8). https://doi.org/10.1136/bcr-2022-249889.

20.	 Alvarez-Garcia J, Lee S, Gupta A, Cagliostro M, Joshi AA, Rivas-Lasarte M, 
Contreras J, Mitter SS, Larocca G, Tlachi P, Brunjes D, Glicksberg BS, Levin 
MA, Nadkarni G, Lala A. Prognostic impact of prior heart failure in patients 
hospitalized with COVID-19. J Am Coll Cardiol. 2020;76(20):2334–48. https://
doi.org/10.1016/j.jacc.2020.09.549.

21.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM, 
Hrobjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, Moher 
D. The PRISMA 2020 statement: an updated guideline for reporting system-
atic reviews. BMJ, 2021;372:n71. https://doi.org/10.1136/bmj.n71.

22.	 Ko ACS, Candellier A, Mercier M, Joseph C, Schmit JL, Lanoix JP, Andrejak C. 
Number of initial symptoms is more related to long COVID-19 than acute 
severity of infection: a prospective cohort of hospitalized patients. Int J Infect 
Dis. 2022;118:220–3. https://doi.org/10.1016/j.ijid.2022.03.006.

23.	 Freire MP, Oliveira MS, Magri MMC, Tavares BM, Marinho I, Nastri A, Filho GB, 
Levin AS. Frequency and factors associated with hospital readmission after 
COVID-19 hospitalization: the importance of post-COVID diarrhea. Clin (Sao 
Paulo). 2022;77:100061. https://doi.org/10.1016/j.clinsp.2022.100061.

24.	 Ioannou GN, Baraff A, Fox A, Shahoumian T, Hickok A, O’Hare AM, Bohnert 
ASB, Boyko EJ, Maciejewski ML, Bowling CB, Viglianti E, Iwashyna TJ, Hynes 
DM. Rates and Factors Associated with Documentation of Diagnostic codes 
for Long COVID in the National Veterans Affairs Health Care System. 2022. 
https://doi.org/10.1001/jamanetworkopen.2022.24359.

25.	 Jakubowska MP, Chudzik M, Babicki M, Kapusta J, Jankowski P. Life-
style, course of COVID-19, and risk of Long-COVID in non-hospitalized 
patients. Front Med (Lausanne). 2022;9:1036556. https://doi.org/10.3389/
fmed.2022.1036556.

26.	 Okoye C, Franchi R, Calabrese AM, Morelli V, Peta U, Mazzarone T, Pompilii IM, 
Coppini G, Rogani S, Calsolaro V, Monzani F. Determinants of 1-Year adverse 
event requiring re-hospitalization in COVID-19 Oldest Old survivors. Geriatr 
(Basel). 2023;8(1). https://doi.org/10.3390/geriatrics8010010.

27.	 Patel N, Dahman B, Bajaj JS. Development of New Mental and Physical Health 
Sequelae among US veterans after COVID-19. J Clin Med. 2022;11(12). https://
doi.org/10.3390/jcm11123390.

28.	 Sedgley R, Winer-Jones J, Bonafede M. Long COVID incidence in a large US 
Ambulatory Electronic Health Record System. Am J Epidemiol. 2023. https://
doi.org/10.1093/aje/kwad095.

29.	 Shukla AK, Atal S, Banerjee A, Jhaj R, Balakrishnan S, Chugh PK, Xavier D, 
Faruqui A, Singh A, Raveendran R, Mathaiyan J, Gauthaman J, Parmar UI, 
Tripathi RK, Kamat SK, Trivedi N, Shah P, Chauhan J, Dikshit H, Kshirsagar N. 
An observational multi-centric COVID-19 sequelae study among health 
care workers. Lancet Reg Health Southeast Asia. 2023;10:100129. https://doi.
org/10.1016/j.lansea.2022.100129.

30.	 Tleyjeh IM, Saddik B, Ramakrishnan RK, AlSwaidan N, AlAnazi A, Alhazmi 
D, Aloufi A, AlSumait F, Berbari EF, Halwani R. Long term predictors of 
breathlessness, exercise intolerance, chronic fatigue and well-being in 
hospitalized patients with COVID-19: a cohort study with 4 months median 

https://doi.org/10.3399/BJGPOPEN20X101143
https://doi.org/10.3399/BJGPOPEN20X101143
https://doi.org/10.1186/S12913-020-06001-Y/TABLES/1
https://doi.org/10.1038/s41591-021-01283-z
https://doi.org/10.1093/eurheartj/ehac031
https://doi.org/10.1038/s41591-022-01909-w
https://doi.org/10.1038/s41591-022-01909-w
https://doi.org/10.1136/bmj.m3489
https://doi.org/10.1136/BMJ.M3026
https://doi.org/10.1136/BMJ.M3026
https://doi.org/10.3390/jcm11123390
https://doi.org/10.15585/MMWR.MM6930E1
https://doi.org/10.15585/MMWR.MM6930E1
https://doi.org/10.3390/jcm11061541
https://doi.org/10.3390/jcm11061541
https://doi.org/10.1136/bmjopen-2020-043887
https://doi.org/10.3390/pathogens11020269
https://doi.org/10.3390/pathogens11020269
https://doi.org/10.1038/S41591-021-01292-Y
https://doi.org/10.1038/S41591-021-01292-Y
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S2213-2600(21)00383-0
https://doi.org/10.1371/JOURNAL.PONE.0243882
https://doi.org/10.1371/JOURNAL.PONE.0243882
https://doi.org/10.1186/s43168-020-00049-4
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1136/bcr-2022-249889
https://doi.org/10.1016/j.jacc.2020.09.549
https://doi.org/10.1016/j.jacc.2020.09.549
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.ijid.2022.03.006
https://doi.org/10.1016/j.clinsp.2022.100061
https://doi.org/10.1001/jamanetworkopen.2022.24359
https://doi.org/10.3389/fmed.2022.1036556
https://doi.org/10.3389/fmed.2022.1036556
https://doi.org/10.3390/geriatrics8010010
https://doi.org/10.3390/jcm11123390
https://doi.org/10.3390/jcm11123390
https://doi.org/10.1093/aje/kwad095
https://doi.org/10.1093/aje/kwad095
https://doi.org/10.1016/j.lansea.2022.100129
https://doi.org/10.1016/j.lansea.2022.100129


Page 11 of 11Sha’ari et al. BMC Public Health         (2024) 24:1846 

follow-up. J Infect Public Health. 2022;15(1):21–8. https://doi.org/10.1016/j.
jiph.2021.11.016.

31.	 Zhang J, Shu T, Zhu R, Yang F, Zhang B, Lai X. The Long-Term Effect of 
COVID-19 Disease Severity on risk of diabetes incidence and the Near 1-Year 
Follow-Up outcomes among Postdischarge patients in Wuhan. J Clin Med. 
2022;11(11). https://doi.org/10.3390/jcm11113094.

32.	 Zheng B, Vivaldi G, Daines L, Leavy OC, Richardson M, Elneima O, McAuley 
HJC, Shikotra A, Singapuri A, Sereno M, Saunders RM, Harris VC, Houchen-
Wolloff L, Greening NJ, Pfeffer PE, Hurst JR, Brown JS, Shankar-Hari M, Eche-
varria C, Sheikh A. Determinants of recovery from post-COVID-19 dyspnoea: 
analysis of UK prospective cohorts of hospitalised COVID-19 patients and 
community-based controls. Lancet Reg Health Eur. 2023;29:100635. https://
doi.org/10.1016/j.lanepe.2023.100635.

33.	 Goërtz YMJ, Herck MV, Delbressine JM, Vaes AW, Meys R, Machado FVC, 
Houben-Wilke S, Burtin C, Posthuma R, Franssen FME, Loon Nv, Hajian B, Spies 
Y, Vijlbrief H, Hul AJ, Janssen DJA, Spruit MA. Persistent symptoms 3 months 
after a SARS-CoV-2 infection: the post-COVID-19 syndrome? ERJ Open Res. 
2020;6:1–10. https://doi.org/10.1183/23120541.00542-2020. v. t.

34.	 Vanichkachorn G, Newcomb R, Cowl CT, Murad MH, Breeher L, Miller S, 
Trenary M, Neveau D, Higgins S. Post-COVID-19 syndrome (Long Haul Syn-
drome): description of a multidisciplinary clinic at Mayo Clinic and character-
istics of the initial patient cohort. Mayo Clin Proc. 2021;96(7):1782–91. https://
doi.org/10.1016/j.mayocp.2021.04.024.

35.	 Carfi A, Bernabei R, Landi F. Persistent symptoms in patients after Acute 
COVID-19. 2020;324(6):603–5. https://doi.org/10.1001/JAMA.2020.12603.

36.	 Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze H, Doucet L, Ber-
kani S, Oliosi E, Mallart E, Corre F, Zarrouk V, Moyer JD, Galy A, Honsel V, Fantin 
B, Nguyen Y. Post-discharge persistent symptoms and health-related quality 
of life after hospitalization for COVID-19. J Infect. 2020;81(6):e4–6. https://doi.
org/10.1016/j.jinf.2020.08.029.

37.	 Arjun MC, Singh AK, Pal D, Das K, Venkateshan GA, Mishra M, Patro B, 
Mohapatra BK, P. R., Subba SH. Characteristics and predictors of long COVID 
among diagnosed cases of COVID-19. PLoS ONE. 2022;17(12):e0278825. 
https://doi.org/10.1371/journal.pone.0278825.

38.	 Asadi-Pooya AA, Akbari A, Emami A, Lotfi M, Rostamihosseinkhani H, 
Barzegar Z. Risk factors Associated with Long COVID Syndrome: a retrospec-
tive study. Iran J Med Sci. 2021;46(6):428–36. https://doi.org/10.30476/
ijms.2021.92080.2326.

39.	 Thenappan T, Ormiston ML, Ryan JJ, Archer SL.State of the Art Review: Pulmo-
nary arterial hypertension: Pathogenesis and clinical management. The BMJ, 
2018;360. https://doi.org/10.1136/bmj.j5492.

40.	 Colafella K, Denton K. Sex-specific differences in hypertension and associ-
ated cardiovascular disease. Nat Rev Nephrol. 2018;14:185–201. https://doi.
org/10.1038/nrneph.2017.189.

41.	 Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes 
mellitus at increased risk for COVID-19 infection? Lancet. 2020;8. https://doi.
org/10.1016/S2213-2600(20)30116-8.

42.	 Banerjee A, Pasea L, Harris S, Gonzalez-Izquierdo A, Torralbo A, Shallcross L, 
Noursadeghi M, Pillay D, Sebire N, Holmes C, Pagel C, Wong WK, Langenberg 
C, Williams B, Denaxas S, Hemingway H. Estimating excess 1-year mortality 
associated with the COVID-19 pandemic according to underlying conditions 
and age: a population-based cohort study. Lancet. 2020;395(10238):1715–25. 
https://doi.org/10.1016/S0140-6736(20)30854-0.

43.	 Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, Li Q, Jiang C, Zhou Y, Liu 
S, Ye C, Zhang P, Xing Y, Guo H, Tang W. Risk factors of critical & mortal 
COVID-19 cases: a systematic literature review and meta-analysis. J Infect. 
2020;81(2):e16–25. https://doi.org/10.1016/j.jinf.2020.04.021.

44.	 DePace NL, Colombo J. Long-COVID syndrome and the Cardiovascular Sys-
tem: a review of Neurocardiologic effects on multiple systems. Curr Cardiol 
Rep. 2022;24(11):1711–26. https://doi.org/10.1007/s11886-022-01786-2.

45.	 Giustino G, Croft LB, Stefanini GG, Bragato R, Silbiger JJ, Vicenzi M, Danilov 
T, Kukar N, Shaban N, Kini A, Camaj A, Bienstock SW, Rashed ER, Rahman K, 
Oates CP, Buckley S, Elbaum LS, Arkonac D, Fiter R, Goldman ME. Charac-
terization of Myocardial Injury in patients with COVID-19. J Am Coll Cardiol. 
2020;76(18):2043–55. https://doi.org/10.1016/j.jacc.2020.08.069.

46.	 Dweck MR, Bularga A, Hahn RT, Bing R, Lee KK, Chapman AR, White A, Salvo 
GD, Sade LE, Pearce K, Newby DE, Popescu BA, Donal E, Cosyns B, Edvardsen 
T, Mills NL, Haugaa K. Global evaluation of echocardiography in patients with 
COVID-19. Eur Heart J Cardiovasc Imaging. 2020;21(9):949–58. https://doi.
org/10.1093/ehjci/jeaa178.

47.	 Lindner D, Fitzek A, Brauninger H, Aleshcheva G, Edler C, Meissner K, 
Scherschel K, Kirchhof P, Escher F, Schultheiss HP, Blankenberg S, Puschel K, 
Westermann D. Association of Cardiac infection with SARS-CoV-2 in con-
firmed COVID-19 autopsy cases. JAMA Cardiol. 2020;5(11):1281–5. https://doi.
org/10.1001/jamacardio.2020.3551.

48.	 Donnelly JP, Wang XQ, Iwashyna TJ, Prescott HC. Readmission and death after 
initial hospital discharge among PatientsWith COVID-19 in a large Multihospi-
tal System. JAMA. 2020. https://doi.org/10.1001/jama.2020.21465.

49.	 Rey JR, Caro-Codon J, Rosillo SO, Iniesta AM, Castrejon-Castrejon S, Marco-
Clement I, Martin-Polo L, Merino-Argos C, Rodriguez-Sotelo L, Garcia-Veas JM, 
Martinez-Marin LA, Martinez-Cossiani M, Buno A, Gonzalez-Valle L, Herrero 
A, Lopez-Sendon JL, Merino JL, Investigators C-C. Heart failure in COVID-19 
patients: prevalence, incidence and prognostic implications. Eur J Heart Fail. 
2020;22(12):2205–15. https://doi.org/10.1002/ejhf.1990.

50.	 Bowles KH, McDonald M, Barron Y, Kennedy E, O’Connor M, Mikkelsen M. Sur-
viving COVID-19 after Hospital Discharge: Symptom, Functional, and adverse 
outcomes of Home Health recipients. Ann Intern Med. 2021;174(3):316–25. 
https://doi.org/10.7326/M20-5206.

51.	 Yamamoto K, Takeshita H, Rakugi H. ACE2, angiotensin 1–7 and skeletal 
muscle: review in the era of COVID-19. Clin Sci. 2020;134(22):3047–62. https://
doi.org/10.1042/cs20200486.

52.	 Gyongyosi M, Alcaide P, Asselbergs FW, Brundel B, Camici GG, Martins PDC, 
Ferdinandy P, Fontana M, Girao H, Gnecchi M, Gollmann-Tepekoylu C, Klein-
bongard P, Krieg T, Madonna R, Paillard M, Davidson SM. Long COVID and the 
cardiovascular system-elucidating causes and cellular mechanisms in order 
to develop targeted diagnostic and therapeutic strategies: a joint Scientific 
Statement of the ESC Working Groups on Cellular Biology of the Heart and 
Myocardial and Pericardial diseases. Cardiovasc Res. 2023;119(2):336–56. 
https://doi.org/10.1093/cvr/cvac115.

53.	 Kawakami R, Sakamoto A, Kawai K, Gianatti A, Pellegrini D, Nasr A, Kutys 
B, Guo L, Cornelissen A, Mori M, Sato Y, Pescetelli I, Brivio M, Romero M, 
Guagliumi G, Virmani R, Finn AV. Pathological evidence for SARS-CoV-2 as 
a cause of myocarditis: JACC Review topic of the Week. J Am Coll Cardiol. 
2021;77(3):314–25. https://doi.org/10.1016/j.jacc.2020.11.031.

54.	 Sandoval Y, Januzzi JL Jr., Jaffe AS. Cardiac Troponin for Assessment of Myo-
cardial Injury in COVID-19: JACC Review topic of the Week. J Am Coll Cardiol. 
2020;76(10):1244–58. https://doi.org/10.1016/j.jacc.2020.06.068.

55.	 Zeng JH, Wu WB, Qu JX, Wang Y, Dong CF, Luo YF, Zhou D, Feng WX, Feng 
C. Cardiac manifestations of COVID-19 in Shenzhen, China. Infection. 
2020;48(6):861–70. https://doi.org/10.1007/s15010-020-01473-w.

56.	 Becker RC. Toward understanding the 2019 Coronavirus and its impact on 
the heart. J Thromb Thrombolysis. 2020;50(1):33–42. https://doi.org/10.1007/
s11239-020-02107-6.

57.	 National COVID-19 Clinical Evidence Taskforce. Australian Guidelines for the 
Clinical Care of People with COVID-19. 2021;1-531.

58.	 Haas R, Walter M. Specialized Clinics and Health Care Professional Resources 
for Post–COVID-19 Condition in Canada. 2023;3(2):1–30.

59.	 National Institute for Health and Care Excellence. COVID-19 Rapid Guideline: 
managing the Long-Term effects of COVID-19. National Institute for Health 
and Care Excellence (NICE; 2024. https://www.nice.org.uk/guidance/ng188.

60.	 World Health Organization. Clinical Management of COVID-19: Living 
Guideline. World Health Organization (WHO). 2022. https://www.who.int/
publications/i/item/WHO-2019-nCoV-clinical-2023.2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.jiph.2021.11.016
https://doi.org/10.1016/j.jiph.2021.11.016
https://doi.org/10.3390/jcm11113094
https://doi.org/10.1016/j.lanepe.2023.100635
https://doi.org/10.1016/j.lanepe.2023.100635
https://doi.org/10.1183/23120541.00542-2020
https://doi.org/10.1016/j.mayocp.2021.04.024
https://doi.org/10.1016/j.mayocp.2021.04.024
https://doi.org/10.1001/JAMA.2020.12603
https://doi.org/10.1016/j.jinf.2020.08.029
https://doi.org/10.1016/j.jinf.2020.08.029
https://doi.org/10.1371/journal.pone.0278825
https://doi.org/10.30476/ijms.2021.92080.2326
https://doi.org/10.30476/ijms.2021.92080.2326
https://doi.org/10.1136/bmj.j5492
https://doi.org/10.1038/nrneph.2017.189
https://doi.org/10.1038/nrneph.2017.189
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/S0140-6736(20)30854-0
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1007/s11886-022-01786-2
https://doi.org/10.1016/j.jacc.2020.08.069
https://doi.org/10.1093/ehjci/jeaa178
https://doi.org/10.1093/ehjci/jeaa178
https://doi.org/10.1001/jamacardio.2020.3551
https://doi.org/10.1001/jamacardio.2020.3551
https://doi.org/10.1001/jama.2020.21465
https://doi.org/10.1002/ejhf.1990
https://doi.org/10.7326/M20-5206
https://doi.org/10.1042/cs20200486
https://doi.org/10.1042/cs20200486
https://doi.org/10.1093/cvr/cvac115
https://doi.org/10.1016/j.jacc.2020.11.031
https://doi.org/10.1016/j.jacc.2020.06.068
https://doi.org/10.1007/s15010-020-01473-w
https://doi.org/10.1007/s11239-020-02107-6
https://doi.org/10.1007/s11239-020-02107-6
https://www.nice.org.uk/guidance/ng188
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2

	﻿Cardiovascular diseases as risk factors of post-COVID syndrome: a systematic review
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources and searches
	﻿Eligibility criteria
	﻿Data screening and extraction
	﻿Methodological quality assessment
	﻿Data synthesis and analysis

	﻿Results
	﻿Study selection
	﻿Study characteristics
	﻿Main findings
	﻿Single CVD and PCS
	﻿Multiple CVD and PCS



