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Abstract 

Background Since its emergence in 2019, COVID-19 has continued to pose significant threats to both the physi-
cal and mental health of the global population, as well as to healthcare systems worldwide (Raman et al., Eur Heart J 
43:1157–1172, 2022). Emerging evidence indicates that COVID-19 may lead to post-acute COVID-19 syndrome (PACS) 
with cardiovascular implications, potentially driven by factors such as ACE2 interaction with viruses, systemic inflam-
mation, and endothelial dysfunction. However, there remains a limited amount of research on the cardiovascular 
manifestations of PACS, which may delay the development of optimal treatment strategies for affected patients. 
Therefore, it is crucial to investigate the prevalence of cardiovascular sequelae in COVID-19 patients and to determine 
whether COVID-19 infection acts as an independent risk factor for these outcomes.

Methods This meta-analysis adhered to PRISMA guidelines and was registered in PROSPERO (CRD42024524290). 
A systematic search of PubMed, Embase, and the Cochrane Library was conducted up to March 17, 2024. The primary 
outcomes included hypertension, palpitations, and chest pain, with pooled effect estimate reported as proportions 
and odds ratios (ORs) with 95% confidence intervals (CIs). Sensitivity and subgroup analysis were performed to assess 
the robustness of the results and to identify sources of heterogeneity.

Results A total of 37 studies, encompassing 2,965,467 patients, were included in the analysis. Pooled results 
from case–control studies revealed that, compared to the control group, the ORs of chest pain in the COVID-19 group 
was 4.0 (95% CI: 1.6, 10.0). The ORs for palpitation and hypertension were 3.4 (95% CI: 1.1, 10.2) and 1.7 (95% CI: 1.6, 
1.8), respectively. The proportions of PACS patients experiencing chest pain, palpitation, and hypertension as sequelae 
were 22% (95% CI: 14%, 33%), 18% (95% CI: 13%, 24%), and 19% (95% CI: 12%, 31%), respectively.

Conclusions Our findings indicate that 15% of COVID-19 patients experience cardiovascular sequelae. Furthermore, 
COVID-19 infection significantly increases the likelihood of developing these sequelae compared to uninfected 
individuals. Future research should prioritize investigating the underlying pathological mechanisms and developing 
targeted preventive and management strategies.
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Background
In 2019, the novel severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) triggered a global pandemic, 
resulting in widespread disease and mortality. During the 
acute phase, the virus induces immune hyperactivity and 
multi-organ damage, primarily manifesting as respiratory 
failure, headache, myalgia, anosmia, ageusia, and vas-
cular inflammation. These symptoms severely affected 
both the physical and mental health of individuals world-
wide, placing immense strain on healthcare systems [1]. 
Although extensive research has been conducted on 
the diagnosis, pathogenesis, and acute complications of 
COVID-19 [2, 3], the long-term sequelae have emerged 
as an increasingly significant public health concern in the 
post-pandemic era [4–6].

Reports of post-acute COVID-19 syndrome (PACS) 
have notably increased, with millions of individu-
als worldwide affected by its long-term effects [7, 8]. 
According to the World Health Organization (WHO), 
PACS is defined as a syndrome that typically manifests in 
individuals three months following the onset of COVID-
19, and cannot be attributed to alternative diagnoses [9]. 
Common symptoms include fatigue, sleep disturbances, 
neurological impairments, and more than 200 other 
manifestations [10]. The mechanisms underlying PACS 
are associated with viral replication, residual viral com-
ponents causing immune dysregulation, and interactions 
between the host microbiome and the virus, which may 
lead to aberrant immune responses [11].

Cardiovascular disease (CVD) is a leading cause of 
global mortality, influenced by various environmental, 
behavioral, and metabolic factors [12, 13]. Research indi-
cates that CVD may be a significant component of PACS 
[14–16], although the mechanisms underlying long-term 
cardiac damage after COVID-19 remain poorly under-
stood. Two main hypotheses have been proposed [17] 
:  (1) A persistent viral reservoir in cardiac tissue may 
trigger a chronic inflammatory response following acute 
infection. The virus binds to its key receptor, angio-
tensin-converting enzyme 2 (ACE2), leading to ACE2 
downregulation, which in turn causes the accumulation 
of angiotensin II (Ang II), promoting endothelial inflam-
mation, oxidative stress, and apoptosis, thus exacerbat-
ing endothelial dysfunction [18, 19]; (2) In later stages 
of infection, an autoimmune response against cardiac 
antigens may develop. Studies have shown an increased 
frequency of cardiac-specific antibodies in COVID-19 
patients [20, 21].

Although several studies have examined the asso-
ciation between PACS and cardiovascular involve-
ment, they have several limitations [14, 22–24]: (1) The 
majority of studies are retrospective, lacking prospec-
tive designs, which restricts causal inferences; (2) The 

follow-up periods are generally short, typically around 
4 weeks, hindering the assessment of long-term cardio-
vascular outcomes; (3) High heterogeneity across stud-
ies diminishes the reliability of the findings. As a result, 
the relationship between PACS and CVD remains poorly 
understood, complicating the timely diagnosis and man-
agement of affected patients.

To address these limitations, our study aims to provide 
a comprehensive evaluation of the long-term cardiovas-
cular effects of COVID-19. Specifically, our objectives 
are: (1) To incorporate more prospective studies and 
combine both retrospective and prospective data to 
improve the reliability of the findings; (2) To include 
studies with longer follow-up periods (≥ 12 weeks) to 
more accurately estimate the prevalence and long-term 
risk trends of cardiovascular sequelae, as defined by 
the WHO; (3) To reduce heterogeneity and explore its 
sources through sensitivity and subgroup analyses; (4) 
While the investigation of mechanisms is beyond the 
scope of this study, we will quantify the risks associated 
with COVID-19 cardiovascular symptoms and provide 
potential directions for future mechanistic research.

Methods
Registration
This systematic review and meta-analysis were conducted 
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines, the PRISMA checklist is presented in Additional 
file 1. The study protocol was registered in PROSPERO, 
the international prospective register of systematic 
reviews (CRD42024524290).

Search strategy and selection criteria
Two authors (HML and LWH) systematically searched 
PubMed, Embase, and the Cochrane Library for relevant 
articles published in English up to March 17, 2024. The 
search keywords across all databases included "Post-
Acute COVID-19 Syndrome," "long-haul COVID-19," 
"cardiovascular symptoms," and "adverse cardiac event." 
The detailed search strategy is provided in Additional 
file  2: Table  S1. Titles, abstracts, and full texts of the 
selected studies were independently screened by two 
researchers (HML and BH) using EndNote X9 software, 
with any discrepancies resolved by consensus or, if neces-
sary, through third-party adjudication (LWH).

Studies were included if they met the following criteria: 
(1) original research or follow-up studies; (2) reported at 
least one cardiovascular symptom related to PACS, along 
with relevant laboratory findings or patient-reported out-
comes (e.g., hypertension levels); (3) provided original 
data suitable for calculation and analysis. Exclusion cri-
teria were as follows: (1) review articles or case report; 
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(2) studies that did not report a cardiovascular symptom 
related to PACS; (3) studies with a median or mean fol-
low-up time of less than three months after SARS-CoV-2 
infection or COVID-19 diagnosis.

Data extraction and quality assessment
Data extraction
The search results were imported for abstract screening, 
and duplicates as well as irrelevant studies were excluded 
based on predefined inclusion and exclusion criteria. To 
enhance the robustness of our analysis, we established 
specific diagnostic criteria for cardiovascular symp-
toms studies included in this study. Data were included 
for analysis only if they met the following diagnostic 
requirements: (1) cardiovascular symptoms were defined 
according to disease classifications in ‘The International 
Statistical Classification of Diseases and Related Health 
Problems 10th Revision’ (ICD-10) or based on guidelines 
from authoritative organizations such as the American 
College of Cardiology (ACC) and the European Society 
of Cardiology (ESC). Meanwhile, these symptoms were 
according with WHO’s standardized definition of PACS; 
(2) diagnoses were confirmed by qualified clinicians and 
substantiated with detailed clinical records; (3) patients 
provided self-reports using internationally validated 
assessment tools, such as the Post COVID-19 Functional 
Status (PCFS) scale and the Symptom Burden Question-
naire for Long COVID (SBQ-LC). Two researchers inde-
pendently extracted data from each eligible study. Data 
were collected using a predesigned form, which was 
agreed upon by all authors, to capture study character-
istics (e.g., study type, follow-up duration, registration, 
year of publication, author, and country of enrollment), 
patient demographics (e.g., age, sex), and outcomes of 
interest, including the prevalence of PACS-related cardi-
ovascular symptoms such as hypertension, palpitations, 
and chest pain.

Quality assessment
In this study, the quality of the included observational 
studies was assessed using the Newcastle–Ottawa Scale 
(NOS), and the result is presented in Additional file  3: 
Table  S2. The NOS evaluates studies across three key 
domains: selection (representativeness and definition 
of the study population), comparability (control of con-
founding factors), and outcome assessment (reliability of 
outcome measurements). Each domain comprises spe-
cific criteria, yielding a cumulative score ranging from 
0 to 9 points. Based on the total score, studies were cat-
egorized as follows: high quality (7–9 points), moderate 
quality (5–6 points), and low quality (below 5 points). 
Utilizing this systematic approach enables us to better 
assess and mitigate potential sources of heterogeneity in 

study quality, thereby enhancing the robustness and reli-
ability of our meta-analysis findings.

Statistical analysis
The study was conducted using R software (version 4.3.1) 
with the meta package (version 6.5.0). This meta-analysis 
reports odds ratios (ORs) for the primary outcome and 
the prevalence of cardiovascular symptoms associated 
with PACS, accompanied by the corresponding 95% con-
fidence intervals (CIs). While some prospective studies 
were included in our analysis, the inclusion of retrospec-
tive studies was unavoidable. In such mixed-design sce-
narios, using ORs is generally preferred, as ORs facilitate 
the integration of data from studies with varying designs.

Heterogeneity was assessed using the  I2 statistic. Due 
to the variability inherent in observational studies, such 
as case series, heterogeneity is often high, stemming 
from differences in study design, sample sources, and 
other factors. Consequently, a higher  I2 threshold, typi-
cally ranging from 60 to 75%, is deemed acceptable [25]. 
In our analysis, an  I2 value greater than 60% was consid-
ered indicative of substantial heterogeneity, necessitat-
ing the use of a random-effects model. This model better 
accounts for inter-study variability and provides more 
robust overall effect estimates compared to the fixed-
effects model. Consequently, the final analysis results 
were derived using the random-effects model.

Sensitivity and subgroup analyses were conducted to 
evaluate the robustness of the findings and to investi-
gate potential sources of heterogeneity. Sensitivity analy-
sis involved systematically excluding individual studies or 
those deemed low quality to assess the impact of factors 
such as study quality, sample size, and methodological vari-
ations on the pooled results. Additionally, subgroup analy-
ses were performed based on factors such as geographic 
region, age, or other relevant characteristics to identify pos-
sible sources of variability. These analyses were intended to 
confirm the stability and reliability of our results, ensuring 
that no single study or methodological aspect dispropor-
tionately influenced the overall conclusions.

Funnel plots, along with Peters’ and Egger’s regression 
tests, were utilized to detect potential biases in the pub-
lished literature.

Results
Overview of included studies
We identified 1,274 records from all databases during 
the preliminary literature search: 69 from the Cochrane 
Library, 580 from Embase, and 625 from PubMed. After 
removing duplicates, 1,054 studies were screened by title 
and abstract, with 114 deemed eligible. Following full-
text screening, 77 studies were excluded, resulting in 37 
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articles involving 2,965,467 participants for inclusion in 
our meta-analysis (Fig. 1).

Five studies analyzed data from the United States, and 
three each from Poland, Germany, the United Kingdom, 
and China. Two studies were from Switzerland, Spain, 
Israel, and India, and one study each from Turkey, Roma-
nia, Mexico, Italy, Iran, Greece, Estonia, Croatia, Brunei, 
Australia, and South Korea. Sample sizes ranged from 60 
to 2,386,822, with follow-up periods ranging from 3 to 
12  months. Detailed characteristics of the 37 included 
studies are provided in Table 1.

Results of analysis
We conducted a meta-analysis of studies with both 
experimental and control groups to assess whether 
COVID-19 infection significantly increases the risk of 
developing cardiovascular symptoms compared to unin-
fected individuals.

Chest pain
Eight case control studies, encompassing a total of 
116,778 patients who developed chest pain following 
COVID-19 infection, were included in this meta-analysis. 
The pooled analysis indicated that the OR of chest pain in 
the COVID-19 group compared to the control group was 
4.0 (95% CI 1.6, 10.0; Fig. 2).

Palpitation
Five case control studies, including a total of 543,369 
patients, were analyzed to assess the risk of palpitation 
symptom following COVID-19 infection. The pooled 

analysis revealed that the OR of palpitation in the 
COVID-19 group compared to the control group was 3.4 
(95% CI: 1.1, 10.2; Fig. 3).

Hypertension
A meta-analysis was conducted on nine case control 
studies involving a total of 17,317 patients with hyperten-
sion. The analysis revealed a OR of 1.7 (95% CI: 1.6, 1.8; 
Fig. 4) for the prevalence of hypertension in the experi-
mental group compared to the control group.

Results of case series studies
The forest plot results indicated that chest pain was the 
most prevalent cardiovascular symptom in post-acute 
COVID-19 syndrome (22%, 95% CI: 14%, 33%). Hyper-
tension (19%, 95% CI: 12%, 31%) and palpitations (18%, 
95% CI: 13%, 24%) were also commonly observed (Fig. 5).

Clinical interpretation of findings
This meta-analysis indicates that COVID-19 patients 
face a significantly increased risk of developing seque-
lae such as hypertension and chest pain. These find-
ings underscore the importance of regular follow-up for 
convalescing patients to monitor cardiovascular symp-
toms, enabling early detection of potential long-term 
complications. Additionally, for clinical patients experi-
encing persistent symptoms, comprehensive cardiovas-
cular assessments are recommended to rule out chronic 
conditions. These results could inform future strate-
gies for COVID-19 rehabilitation and long-term patient 
follow-up.

Fig. 1 The process of literature search and selection. The comprehensive searches of PubMed, Embase, and Cochrane Library databases yielded 
1274 records. After removing duplicates, 1054 records were screened by title and abstract, and 171 article texts were screened full text. Finally, 
a total of 37 studies were included in the meta-analysis
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Table 1 Baseline characteristics of studies included in meta-analysis

Fig. 2 Forest plot of case control studies for chest pain. Each line represents the 95% confidence interval for the effect size of an individual study. 
The squares indicating the point estimate of the effect (OR) and the overall effect is represented by the diamond, where a value greater than 1 
suggests an increased risk. Heterogeneity across studies was assessed using the  I2 statistic. The results showed that patients with COVID-19 had 
a higher prevalence of chest pain compared to the uninfected population
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Subgroup analysis
To systematically explore the sources of heterogeneity, 
assess potential differences among specific subpopula-
tions, and confirm the robustness of the overall analysis, 
we performed subgroup analyses stratified by age (< 60 
years vs. ≥ 60 years); geographic region (Europe, Amer-
ica, and Asia) and study type (prospective study, retro-
spective study).

(1) Subgroup analysis by Study Design for case control 
study of Hypertension:

In the retrospective case–control study subgroup, the 
OR was 1.7 (95% CI: 1.6–1.8,  I2 = 18%); In the prospec-
tive study subgroup, the OR was 1.0 (95% CI: 0.7–1.6, 
 I2 = 16%; Additional file 4: Figure S1).

(2) Subgroup analysis by Study Design for case control 
study of Chest pain:

The OR in retrospective case–control studies was 1.6 
(95% CI: 1.3–2.1,  I2 = 42%); The OR in prospective stud-
ies was notably higher at 14.2 (95% CI: 8.6–23.4,  I2 = 46%; 
Additional file 4: Figure S2).

(3) Subgroup analysis by Study Design for case series 
study of Chest pain:

In the retrospective case-series subgroup, the preva-
lence was 25% (95% CI: 14%-37%,  I2 = 99%); In the pro-
spective study subgroup, the prevalence was slightly 
higher at 27% (95% CI: 14%-50%,  I2 = 99%; Additional 
file 4: Figure S2).

(4) Subgroup analysis by age for case series study of 
Chest pain:

Individuals under 60  years: Prevalence was 32% (95% 
CI: 16%-47%,  I2 = 100%); Individuals aged 60  years and 
above: Prevalence was 18% (95% CI: 12%-25%,  I2 = 70%; 
Additional file 4: Figure S2).

(5) Subgroup analysis by Study Design for case series 
study of Palpitations:

In the retrospective case-series subgroup, the preva-
lence was 20% (95% CI: 12%-27%,  I2 = 94%); In the pro-
spective study subgroup, the prevalence was 17% (95% 
CI: 6%-27%,  I2 = 98%; Additional file 4: Figure S3).

(6) Subgroup analysis by age for case series study of 
Palpitations:

Fig. 3 Forest plot of case control studies for palpitation. Each line represents the 95% confidence interval for the effect size of an individual study. 
The squares indicating the point estimate of the effect (OR) and the overall effect is represented by the diamond, where a value greater than 1 
suggests an increased risk. Heterogeneity across studies was assessed using the  I2 statistic. The results showed that patients with COVID-19 had 
a higher prevalence of palpitation compared to the uninfected population

Fig. 4 Forest plot of case control studies for hypertension. Each line represents the 95% confidence interval for the effect size of an individual study. 
The squares indicating the point estimate of the effect (OR) and the overall effect is represented by the diamond, where a value greater than 1 
suggests an increased risk. Heterogeneity across studies was assessed using the  I2 statistic. The results showed that patients with COVID-19 had 
a higher prevalence of hypertension compared to the uninfected population
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Fig. 5 Results of case series studies. A Forest plot of chest pain; (B) Forest plot of hypertension; (C) Forest plot of palpitation. Each line represents 
the 95% confidence interval for the effect size of an individual study. The squares indicating the point estimate of the effect (OR) and the overall 
effect is represented by the diamond, where a value greater than 1 suggests an increased risk. Heterogeneity across studies was assessed using 
the  I2 statistic. The results showed the prevalence of chest pain、hypertension and palpitation in COVID-19 patients
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Individuals under 60  years: Prevalence was 20% (95% 
CI: 14%-27%,  I2 = 93%); Individuals aged 60  years and 
above: Prevalence was 17% (95% CI: 2%-31%,  I2 = 97%; 
Additional file 4: Figure S3).

(7) Subgroup analysis by regions for case series study of 
Palpitations:

In European and America populations, the prevalence 
was 20% (95% CI: 14%-27%,  I2 = 94%); In Asian popula-
tions, the prevalence was slightly lower at 16% (95% CI: 
6%-27%,  I2 = 97%; Additional file 4: Figure S3).

Sensitivity analysis
To identify sources of heterogeneity in the meta-anal-
ysis and to mitigate the impact of excessive heteroge-
neity from individual studies on the overall results, we 
performed a sensitivity analysis. This analysis involved 
sequentially removing each study and re-evaluating 
the effect estimates and heterogeneity index  (I2) for the 
remaining studies. We then compared these results with 
those from the full analysis to determine whether the 
removal of any single study caused substantial changes in 
the effect estimates or  I2, thus assessing the robustness of 
our findings.

Results are as follows:

(1) The sensitivity analysis of the hypertension case 
series indicated a prevalence rate of 15% (95% CI: 
13%-18%; Additional file 5: Figure S4), with low het-
erogeneity  (I2 = 16%).

(2) Sensitivity analysis of the case–control studies on 
chest pain showed an OR of 1.6 (95% CI: 1.3–2.0, 
 I2 = 46%). Sensitivity analysis of the case-series 
studies on chest pain revealed a prevalence of 27% 
(95% CI: 25%-30%, I.2 = 9%; Additional file 5: Figure 
S5)

(3) Sensitivity analysis of the prospective subgroup 
in the chest pain case-series study revealed a 
20% prevalence of chest pain (95% CI: 15%-26%, 
 I2 = 58%; Additional file  5: Figure S5). In contrast, 
sensitivity analysis of the retrospective subgroup 
did not substantially reduce heterogeneity, suggest-
ing that study design may be a significant source of 
heterogeneity.

(4) Sensitivity analysis of the elderly subgroup in the 
chest pain case-series study revealed a 18% preva-
lence of chest pain (95% CI: 17%-18%,  I2 = 0%). The 
midlife subgroup showed an 18% prevalence of 
chest pain (95% CI: 13%-22%,  I2 = 53%; Additional 
file 5: Figure S5).

(5) Sensitivity analysis of the palpitations case-series 
study revealed a prevalence of palpitations of 12% 
(95% CI: 11%-13%,  I2 = 43%; Additional file 5: Figure 
S6).

(6) Sensitivity analysis of the prospective subgroup in 
the palpitations case-series study revealed a preva-
lence of palpitations of 21% (95% CI: 14%-28%, 
 I2 = 80%). In the retrospective subgroup, the preva-
lence of palpitations was 12% (95% CI: 11%-13%, 
 I2 = 43%; Additional file 5: Figure S6).

(7) Sensitivity analysis of the Asian subgroup in the 
palpitations case-series study revealed a 14% preva-
lence of palpitations (95% CI: 11%-18%,  I2 = 68%). In 
the Europe-America group, the prevalence was 24% 
(95% CI: 21%-27%,  I2 = 23%; Additional file 5: Figure 
S6), suggesting that regional differences may con-
tribute to the observed heterogeneity.

(8) Sensitivity analysis of the palpitation case-series 
study in the middle-aged subgroup showed a 17% 
prevalence of palpitations (95% CI: 15%-19%, 
 I2 = 38%; Additional file 5: Figure S6).

Risk of bias assessment
In this analysis, we employed Peter’s test, Egger’s test, and 
compared effect value between funnel plots and trim-
and-fill plots to assess publication bias in the included 
studies (Additional files  4–5: Figure S1-6). The results of 
Peter’s and Egger’s tests (Additional file 6: Table S3) indi-
cated no significant publication bias. Minor variations in 
effect value were observed between the effect size funnel 
plots and the funnel plots after applying the trim-and-fill 
method in both case control studies and case-series stud-
ies (Additional files  4–5: Figure S1-6). This suggests that 
the studies included in the analysis were relatively com-
prehensive and did not exhibit substantial publication bias. 
According to the quality assessment criteria,23 studies 
were classified as high quality, and 14 as medium quality.

Discussion
Interpretation of main findings
The key findings in our analysis include:

(1) Compared to the uninfected control group, the OR 
for hypertension (1.7,  I2 = 37%) and cardiovascular symp-
toms like chest pain (4.0,  I2 = 99%) and palpitations (3.4, 
 I2 = 100%) highlight the significant cardiovascular bur-
den among COVID-19 survivors, consistent with prior 
research indicating long-term sequelae in this population 
[26–29].

However, the high heterogeneity observed in the chest 
pain and palpitations analyses calls attention to the 
need for further investigation [30]. We performed sen-
sitivity analyses. For chest pain, the OR decreased to 1.6 
 (I2 = 46%), with a reduction in heterogeneity, suggesting 
that the initial variability was influenced by certain study-
specific factors.

(2) The prevalence of cardiovascular sequelae observed 
in our study was slightly higher than the 14.8% and 11% 
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reported in previous studies [31, 32]. Specifically, the 
prevalence of palpitations was 12%  (I2 = 43%), hyperten-
sion was 15%  (I2 = 16%), and chest pain was 27%  (I2 = 9%). 
While the heterogeneity of these analyses was relatively 
low, the reduction in sample size following sensitivity 
analyses may limit the external validity of these results. 
Future studies should include a larger number of high-
quality studies to address this limitation.

(3) To further investigate the sources of heterogeneity, 
subgroup analyses were conducted based on study design 
and geographic location. Specifically, the prevalence of 
chest pain was 25%  (I2 = 99%) in retrospective studies, 
compared to 27%  (I2 = 99%) in prospective studies. Fol-
lowing sensitivity analysis, the prevalence in the prospec-
tive subgroup was adjusted to 20%  (I2 = 58%), indicating 
a reduction in heterogeneity and greater consistency 
across studies. Similarly, sensitivity analysis revealed that 
the prevalence of palpitations in the Asian subgroup was 
reduced from 17%  (I2 = 97%) to 14%  (I2 = 68%), while in 
the European subgroup, it increased from 20%  (I2 = 94%) 
to 24%  (I2 = 23%). These findings suggest that both study 
design and geographic factors may be key sources of het-
erogeneity in the analysis [33].

Strengths and limitation
Numerous meta-analyses have explored the sequelae of 
COVID-19. However, they often exhibit certain limita-
tions: (1) analyses frequently reveal high heterogene-
ity, which diminishes the reliability of the conclusions; 
(2) many included studies lack a standardized definition 
of PACS, often conflating symptom sets from different 
timeframes (e.g., 4, 8, and 12  weeks post-infection); (3) 
the sample sizes of the included studies are small, under-
mining the robustness of the pooled estimates; (4) there 
is a noticeable geographic bias, with studies concentrated 
in specific regions, thereby limiting the generalizability of 
the findings to other populations [34–37].

Our analysis tries to compensate for these limita-
tions: To explore potential sources of heterogeneity, 
we conducted subgroup analyses, sensitivity analyses, 
and bias assessments, ensuring that the findings accu-
rately reflected real-world conditions. In our study, we 
adhered to the WHO’s standardized definition of PACS 
and utilized established cardiovascular symptom defini-
tions from authoritative sources such as ICD-10 and the 
guidelines of the ACC and ESC. This approach mini-
mizes potential definitional inconsistencies. Additionally, 
we included studies with a sample size of at least 60 to 
enhance the robustness of effect size estimates. By incor-
porating data from diverse populations and rigorously 
following PRISMA guidelines, we aimed to strengthen 
the credibility of our findings.

It is essential to acknowledge several limitations of this 
study. Firstly, the limited number of available studies pre-
vented comprehensive subgroup or sensitivity analyses 
for key variables, including age, pre- and post-Omicron 
infection periods, and gender.

Secondly, potential biases and imprecision in our 
study may stem from population selection bias in the 
included studies. Specifically, the geographic distribu-
tion of study populations is predominantly concentrated 
in several Western countries. These regions differ from 
Africa and South America in terms of health systems, 
socioeconomic and population characteristics, which 
may influence the presentation and reporting of PACS. 
For instance, some studies have highlighted a correla-
tion between PACS and lower socioeconomic status [38, 
39], with individuals in the most socioeconomically dis-
advantaged areas of England reporting higher rates of 
long-term COVID [40]. Ethnic disparities in the burden 
of PACS have also been observed, with higher preva-
lence of certain symptoms, such as diabetes, chest pain, 
and cough, in Black individuals, and olfactory issues in 
White individuals [41]. Furthermore, a higher prevalence 
of Paediatric Inflammatory Multisystem Syndrome Tem-
porally associated with SARS-CoV-2 (PIMS-TS) has been 
reported in Black and Asian children [42].

Moreover, inherent biases, such as small sample sizes 
and publication bias, could further limit the precision 
and generalizability of our findings.

To address these limitations, future research should 
aim to include larger sample sizes, standardize study 
designs, and implement stricter symptom measurement 
protocols to enhance the reliability and external validity 
of the results. Future meta-analyses should also take into 
account factors such as ethnic and geographic variability 
to explore their potential influence on long-term COVID 
sequelae.

Future research
The pathological mechanisms underlying cardio-
vascular damage potentially caused by SARS-CoV-2 
infection remain incompletely understood. Several 
hypotheses have been proposed. First, the SARS-
CoV-2 virus may induce significant endothelial injury 
and promote microthrombus formation [43, 44]. 
Studies have demonstrated that the lungs of COVID-
19 patients exhibit unique vascular characteristics, 
including significant endothelial injury and wide-
spread thrombosis with microangiopathy [45, 46]. 
Additionally, biomarkers of endothelial dysfunction in 
patients with long-term COVID-19 have been shown 
to persistently elevate [47], possibly as a result of lipid 
peroxidation [48].Additionally, a marked increase in 
ACE2-expressing cells was observed in the lungs of 
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COVID-19 patients compared to those with influenza 
[45]. Since ACE2 serves as the primary receptor for the 
virus, its interaction with SARS-CoV-2 [49], particu-
larly within the cardiovascular system, may trigger an 
overactive inflammatory response, apoptosis, throm-
bosis, and vasoconstriction, thereby exacerbating 
cardiovascular complications. Therapeutic strategies 
involving the use of angiotensin-converting enzyme 
inhibitors (ACEIs) and angiotensin receptor blockers 
(ARBs) or to infuse soluble ACE2 have been proposed 
to alleviate the severity of cardiovascular manifesta-
tions in COVID-19 patients, potentially offering novel 
approaches for mitigating cardiovascular damage asso-
ciated with the infection [50, 51]. The clinical vali-
dation of the efficacy of these new therapies and the 
in-depth exploration of the molecular mechanisms will 
require more studies in the future.

With the increase of acute phase research, many acute 
phase complications such as dyslipidemia and diabe-
tes have been identified [52–55]. Now, there is increas-
ing attention to the long-term sequelae of COVID-19 
[34, 56–58]. Beyond cardiovascular issues, research is 
expanding into the relationship between COVID-19 
sequelae and psychiatric disorders (e.g., depression, cog-
nitive impairment) and respiratory conditions (e.g., pul-
monary fibrosis, dyspnea). However, the mechanisms 
underlying these sequelae are still not fully understood. 
To address this global challenge, further research is 
essential to elucidate the pathological mechanisms and 
establish standardized diagnostic criteria.

Additionally, high heterogeneity can render the pooled 
effect size unstable, thereby diminishing the robustness 
and reliability of the results, which limits their generaliz-
ability. To improve consistency in future research, adopt-
ing standardized and authoritative diagnostic criteria, 
incorporating a greater number of high-quality prospec-
tive studies, and minimizing publication bias are Meth-
ods that can be used.

Relevance and implications
Awareness of the long-term effects of COVID-19 is 
increasing in the post-pandemic era. Long-COVID as a 
heterogeneous disease with manifestations that differ by 
sex [59, 60], severity of acute disease [61] and vaccination 
status [62, 63]. However, there is currently no standard-
ized diagnostic and treatment protocol for PACS espe-
cially in CVD disease [64, 65], leading to challenges in 
patient management [58, 66]. Thus, further research into 
the pathological mechanisms of PACS-CVD [67] and 
standardized interventions for COVID-19 patients with 
cardiovascular sequelae are crucial for improving long-
term outcomes and reducing the disease burden [68, 69].

Based on our findings and existing literature, we pro-
pose the following clinical recommendations for manag-
ing cardiovascular symptoms in PACS: Clinicians should 
maintain vigilance in monitoring cardiovascular symp-
toms, even in patients without a prior history of cardio-
vascular disease, as cardiovascular sequelae can emerge 
in previously healthy individuals following COVID-19 
[70, 71]. More intensive monitoring of individuals with 
pre-existing cardiovascular risk factors, such as hyper-
glycemia, using advanced technologies like artificial intel-
ligence, may help detect early signs of cardiovascular 
dysfunction and improve long-term outcomes [72, 73]. 
Furthermore, the framework of PACS clinics should be 
optimized to include more effective screening and man-
agement protocols [74], incorporating multidisciplinary 
expert care models [75]. This integrated approach may 
have a positive impact on the prognosis of patients with 
cardiovascular sequelae of COVID-19.

Conclusions
Study conclusions
This meta-analysis, which includes 37 studies, provides 
an overview of the prevalence of long-term cardiovas-
cular sequelae of COVID-19 and investigates whether 
COVID-19 infection is a risk factor for cardiovascu-
lar symptoms. Our findings indicate that nearly 15% of 
COVID-19 patients experience cardiovascular sequelae. 
Compared with uninfected individuals, COVID-19 infec-
tion is associated with an increased likelihood of devel-
oping cardiovascular sequelae. Future research should 
focus on the long-term follow-up of COVID-19 patients 
to explore the enduring impact of sequelae on patient 
health and inform medical decision-making to optimize 
patient outcomes.

Abbreviations
PACS  Post-acute COVID-19 syndrome
ORs  Odds ratios
CIs  Confidence intervals
SARS-CoV-2  Severe acute respiratory syndrome coronavirus
WHO  World Health Organization
CVD  Cardiovascular disease
ACE2  Angiotensin-converting enzyme 2
Ang II  Angiotensin II
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
ICD-10  The International Statistical Classification of Diseases and 

Related Health Problems 10th Revision
ACC   American College of Cardiology
ESC  European Society of Cardiology
PCFS  Post COVID-19 Functional
SBQ-LC  Symptom Burden Questionnaire for Long COVID
NOS  Newcastle–Ottawa Scale
PIMS-TS  Paediatric Inflammatory Multisystem Syndrome Temporally 

associated with SARS-CoV-2
ACEIs  Angiotensin-converting enzyme inhibitors
ARBs  Angiotensin receptor blockers



Page 11 of 13Huang et al. BMC Medicine           (2025) 23:70  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 025- 03908-3.

Additional file 1. 

Additional file 2. 

Additional file 3. 

Additional file 4. 

Additional file 5. 

Additional file 6. 

Acknowledgements
Not applicable.

Authors’ contributions
WXP, HML and LWH jointly selected the topic and designed the study. LWH 
and HML accessed the data, edited it, and implemented the search strategy, 
which was approved by the other authors. HML and LWH were responsible for 
article selection, data extraction, and statistical analysis. BH and XBW evalu-
ated the quality of the selected articles. LWH and HML wrote the manuscript, 
while BH, XBW, QZZ, and WXP reviewed and revised it. All authors reviewed 
and approved the final manuscript.

Funding
Not applicable.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All co-authors have provided consent for the final accepted version of the 
manuscript to be considered for publication in BMC Medicine.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pharmacy, the Second Xiangya Hospital, Central South Uni-
versity, Changsha, Hunan 410011, China. 2 Department of Ophthalmology, the 
Second Xiangya Hospital, Central South University, Changsha, Hunan 410011, 
China. 3 Department of Pharmacy, Guilin Hospital of the Second Xiangya Hos-
pital CSU, Central South University, Guilin, Guangxi 541001, China. 

Received: 10 September 2024   Accepted: 23 January 2025

References
 1. Zhang HP, Sun YL, Wang YF, Yazici D, Azkur D, Ogulur I, et al. Gao YD. 

Recent developments in the immunopathology of COVID-19. Allergy. 
2023;78(2):369–88.

 2. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysi-
ology, transmission, diagnosis, and treatment of coronavirusdisease 2019 
(COVID-19): a review. JAMA. 2020;324(8):782–93.

 3. Safiabadi Tali SH, LeBlanc JJ, Sadiq Z, Oyewunmi OD, Camargo C, Nikpour 
B, et al. Tools and Techniques for Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2)/COVID-19 Detection. Clin Microbiol Rev. 
2021;34(3):e00228–20.

 4. Havervall S, Rosell A, Phillipson M, Mangsbo SM, Nilsson P, Hober S, et al. 
Symptoms and Functional Impairment Assessed 8 Months After Mild 
COVID-19 Among Health Care Workers. JAMA. 2021;325(19):2015–6.

 5. Blanco JR, Cobos-Ceballos MJ, Navarro F, Sanjoaquin I, Arnaiz de Las Revil-
las F, Bernal E, et al. Pulmonary long-term consequences of COVID-19 
infections after hospital discharge. Clin Microbiol Infect. 2021;27(6):892–6.

 6. Wu JY, Liu MY, Hung KC, Hsu WH, Tsai YW, Liu TH, et al. Nutritional 
deficiency anemia and post-acute sequelae in patients with severe acute 
respiratory syndrome coronavirus 2 infection: A six-month retrospective 
cohort analysis of 30 892 patients. J Med Virol. 2023;95(11):e29246.

 7. Marín JS, Mazenett-Granados EA, Salazar-Uribe JC, Sarmiento M, Suárez JF, 
Rojas M, et al. Increased incidence of rheumatoid arthritis after COVID-19. 
Autoimmun Rev. 2023;22(10):103409.

 8. Xie Y, Choi T, Al-Aly Z. Postacute Sequelae of SARS-CoV-2 Infection in the 
Pre-Delta, Delta, and Omicron Eras. N Engl J Med. 2024;391(6):515–25.

 9. Nalbandian A, Desai AD, Wan EY. Post-COVID-19 Condition. Annu Rev 
Med. 2023;74:55–64.

 10. Proal, A.D., VanElzakker, M.B., Aleman, S. Bach K, Boribong BP, Buggert M, 
et al. SARS-CoV-2 reservoir in post-acute sequelae of COVID-19 (PACS). 
Nat Immunol. 2023;24(10):1616–27.

 11. Sherif ZA, Gomez CR, Connors TJ, Henrich TJ, Reeves WB. RECOVER 
Mechanistic Pathway Task Force. Pathogenic mechanisms of post-acute 
sequelae of SARS-CoV-2 infection (PACS). Elife. 2023; 12:e86002.

 12. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, 
et al. Heart Disease and Stroke Statistics-2020 Update: A Report From the 
American Heart Association. Circulation. 2020;141(9):e139–596.

 13. The Writing Committee of the Report on Cardiovascular Health and 
Diseases in China. Report on Cardiovascular Health and Diseases in China 
2021: An Updated Summary. Biomed Environ Sci. 2022;35(7):573–603.

 14. Tsampasian V, Bäck M, Bernardi M, Cavarretta E, Dębski M, Gati S, et al. 
Cardiovascular disease as part of long COVID: a systematic review. Eur 
J Prev Cardiol. 2024:zwae070. https:// doi. org/ 10. 1093/ eurjpc/ zwae0 70. 
Epub ahead of print.

 15. Kalogeropoulos AP, Butler J. Worsening Cardiovascular Disease Epide-
miology in the United States: The Time for Preparation Is Now.J Am Coll 
Cardiol. 2022;80(6):579–83.

 16. Elseidy SA, Awad AK, Vorla M, atima A, Elbadawy MA, Mandal D, et al. Car-
diovascular complications in the Post-Acute COVID-19 syndrome (PACS). 
Int J Cardiol Heart Vasc. 2022;40:101012.

 17. Raman B, Bluemke DA, Lüscher TF, Neubauer S. Long COVID: post-
acute sequelae of COVID-19 with a cardiovascular focus. Eur Heart J. 
2022;43(11):1157–72.

 18. Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC. COVID-19 and cardiovas-
cular disease: from basic mechanisms to clinical perspectives. Nat Rev 
Cardiol. 2020;17(9):543–58.

 19. Dou Q, Wei X, Zhou K, Yang S, Jia P. Cardiovascular Manifestations and 
Mechanisms in Patients with COVID-19. Trends Endocrinol Metab. 
2020;31(12):893–904.

 20. Wang EY, Mao T, Klein J, Dai Y, Huck JD, Jaycox JR, et al. Diverse functional 
autoantibodies in patients with COVID-19. Nature. 2021;595(7866):283–8.

 21. Richter AG, Shields AM, Karim A, Birch D, Faustini SE, Steadman L, et al. 
Establishing the prevalence of common tissue-specific autoantibodies 
following severe acute respiratory syndrome coronavirus 2 infection. Clin 
Exp Immunol. 2021;205(2):99–105.

 22. Shrestha AB, Mehta A, Pokharel P, Mishra A, Adhikari L, Shrestha S, et al. 
Long COVID Syndrome and Cardiovascular Manifestations: A Systematic 
Review and Meta-Analysis. Diagnostics (Basel). 2023;13(3):491.

 23. Pellicori P, Doolub G, Wong CM, Lee KS, Mangion K, Ahmad M, et al. 
COVID-19 and its cardiovascular effects: a systematic review of preva-
lence studies. Cochrane Database Syst Rev. 2021; 3(3):CD013879.

 24. Koeppen M, Rosenberger P, Magunia H. COVID-19 Related Cardiovascular 
Comorbidities and Complications in Critically Ill Patients: A Systematic 
Review and Meta-analysis. Clin Med Insights Circ Respir Pulm Med. 
2021;15:1179548421992327.

 25. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch 
VA (editors). Cochrane Handbook for Systematic Reviews of Interven-
tions version 6.5 (updated August 2024). Cochrane, 2024. Available from 
www. train ing. cochr ane. org/ handb ook. Accessed 21 Sept 2024

 26. Mohiuddin Chowdhury ATM, Karim MR, Ali MA, Islam J, Li Y, He S. Clinical 
Characteristics and the Long-Term Post-recovery Manifestations of the 

https://doi.org/10.1186/s12916-025-03908-3
https://doi.org/10.1186/s12916-025-03908-3
https://doi.org/10.1093/eurjpc/zwae070
http://www.training.cochrane.org/handbook


Page 12 of 13Huang et al. BMC Medicine           (2025) 23:70 

COVID-19 Patients-A Prospective Multicenter Cross-Sectional Study. Front 
Med (Lausanne). 2021;8:663670.

 27. Xiong Q, Xu M, Li J, Liu Y, Zhang J, Xu Y, et al. Clinical sequelae of COVID-
19 survivors in Wuhan, China: a single-centre longitudinal study. Clin 
Microbiol Infect. 2021;27:89–95.

 28. Mehta P, Bunker CB, Ciurtin C, Porter JC, Chambers RC, Papdopoulou 
C, et al. Chilblain-like acral lesions in long COVID-19: management and 
implications for understanding microangiopathy. Lancet Infect Dis. 
2021;21:912.

 29. Lund LC, Hallas J, Nielsen H, Koch A, Mogensen SH, Brun NC, et al. Post-
acute effects of SARS-CoV-2 infection in individuals not requiring hospital 
admission: a Danish population-based cohort study. Lancet Infect Dis. 
2021;21:1373–82.

 30. Melsen WG, Bootsma MC, Rovers MM, Bonten MJ. The effects of clinical 
and statistical heterogeneity on the predictive values of results from 
meta-analyses. Clin Microbiol Infect. 2014;20(2):123–9.

 31. Zeng N, Zhao YM, Yan W, Li C, Lu QD, Liu L, et al. A systematic review 
and meta-analysis of long term physical and mental sequelae of 
COVID-19 pandemic: call for research priority and action. Mol Psychiatry. 
2023;28(1):423–33.

 32. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, Sepulveda R, Rebolledo 
PA, Cuapio A, et al. More than 50 long-term effects of COVID-19: a system-
atic review and meta-analysis. Sci Rep. 2021;11(1):16144.

 33. Pickering A, Cooper K, Harnan S, Sutton A, Mason S, Nicholl J. Impact 
of prehospital transfer strategies in major trauma and head injury: sys-
tematic review, meta-analysis, and recommendations for study design. J 
Trauma Acute Care Surg. 2015;78(1):164–77.

 34. Ceban F, Ling S, Lui LMW, Lee Y, Gill H, Teopiz KM, et al. Fatigue and cogni-
tive impairment in Post COVID-19 Syndrome: A systematic review and 
meta-analysis. Brain Behav Immun. 2022;101:93–135.

 35. Ceban F, Kulzhabayeva D, Rodrigues NB, Di Vincenzo JD, Gill H, Subrama-
niapillai M, et al. COVID-19 vaccination for the prevention and treatment 
of long COVID: a systematic review and meta-analysis. Brain Behav 
Immun. 2023;111:211–29.

 36. Alkodaymi MS, Omrani OA, Fawzy NA, Shaar BA, Almamlouk R, Riaz 
M, et al. Prevalence of post-acute COVID-19 syndrome symptoms at 
different follow-up periods: a systematic review and meta-analysis. Clin 
Microbiol Infect. 2022;28(5):657–66.

 37. Deng J, Zhou F, Hou W, Silver Z, Wong CY, Chang O, et al. The prevalence 
of depression, anxiety, and sleep disturbances in COVID-19 patients: a 
meta-analysis. Ann N Y Acad Sci. 2021;1486(1):90–111.

 38. Rhead R, Wels J, Moltrecht B, Shaw RJ, Silverwood R, Zhu J, et al. Long 
COVID and financial outcomes: evidence from four longitudinal popula-
tion surveys. J Epidemiol Community Health. 2024;78(7):458–65.

 39. Berger Z, Altiery DE Jesus V, Greenhalgh T. Long COVID and Health Ineq-
uities: The Role of Primary Care. Milbank Q. 2021; 99(2):519–541.

 40. Office for National Statistics. Coronavirus and the social impacts of ‘long 
COVID’ on people’s lives in Great Britain: 7 April to 13 June 2021. https:// 
www. ons. gov. uk/ peopl epopu latio nandc ommun ity/ healt hands ocial care/ 
condi tions anddi seases/ artic les/ coron aviru sandt hesoc ialim pacts oflon 
gcovi donpe oples lives ingre atbri tain/ 7apri lto13 june2 021. Accessed 20 
Sept 2024.

 41. Xie Y, Bowe B, Al-Aly Z. Burdens of post-acute sequelae of COVID-19 by 
severity of acute infection, demographics and health status. Nat Com-
mun. 2021;12(1):6571.

 42. Broad J, Forman J, Brighouse J, Sobande A, McIntosh A, Watterson C, et al. 
Post COVID-19 paediatric inflammatory multisystem syndrome: associa-
tion of ethnicity, key worker and socioeconomic status with risk and 
severity. Arch Dis Child. 2021;106(12):1218–25.

 43. Sardu C, Gambardella J, Morelli MB, Wang X, Marfella R, Santulli G. 
Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an 
Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic 
Evidence. J Clin Med. 2020;9(5):1417.

 44. Haffke M, Freitag H, Rudolf G, Seifert M, Doehner W, Scherbakov N, et al. 
Endothelial dysfunction and altered endothelial biomarkers in patients 
with post-COVID-19 syndrome and chronic fatigue syndrome (ME/CFS). J 
Transl Med. 2022;20(1):138.

 45. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, 
et al. Pulmonary Vascular Endothelialitis, Thrombosis, andAngiogenesis in 
Covid-19. N Engl J Med. 2020;383(2):120–8.

 46. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel 
AS, et al. Endothelial cell infection and endotheliitis in COVID-19. Lancet. 
2020;395:1417–8.

 47. Alfaro E, Díaz-García E, García-Tovar S, Galera R, Casitas R, Torres-Vargas 
M, et al. Endothelial dysfunction and persistent inflammation in severe 
post-COVID-19 patients: implications for gas exchange. BMC Med. 
2024;22(1):242.

 48. Jankauskas SS, Kansakar U, Sardu C, arzideh F, Avvisato R, Wang X, et al. 
COVID-19 Causes Ferroptosis and Oxidative Stress in Human Endothelial 
Cells. Antioxidants (Basel). 2023;12(2):326.

 49. Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural basis for the 
recognition of SARS-CoV-2 by full-length human ACE2. Science. 
2020;367:1444–8.

 50. Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the cardiovascular 
system. Nat Rev Cardiol. 2020;17(5):259–60.

 51. Lumpuy-Castillo J, Lorenzo-Almorós A, Pello-Lázaro AM, Sánchez-Ferrer C, 
Egido J, Tuñón J, et al. Cardiovascular Damage in COVID-19: Therapeutic 
Approaches Targeting the Renin-Angiotensin-Aldosterone System. Int J 
Mol Sci. 2020;21(18):6471.

 52. Zanardo V, Tortora D, Sandri A, Severino L, Mesirca P, Straface G. COVID-19 
pandemic: Impact on gestational diabetes mellitus prevalence. Diabetes 
Res Clin Pract. 2022;183: 109149.

 53. Trimarco V, Izzo R, Jankauskas SS, Fordellone M, Signoriello G, Manzi 
MV, et al. A six-year study in a real-world population reveals an 
increased incidence of dyslipidemia during COVID-19. J Clin Invest. 
2024;134(21):e183777.

 54. Izzo R, Pacella D, Trimarco V, Manzi MV, Lombardi A, Piccinocchi R, et al. 
Incidence of type 2 diabetes before and during the COVID-19 pan-
demic in Naples, Italy: a longitudinal cohort study. E Clinical Medicine. 
2023;66:102345.

 55. Giorda CB, Gnavi R, Tartaglino B, Manti R, Migliardi A, Favella L, et al. 
Increased incidence of type 1 diabetes in 2 years of COVID-19 pandemic. 
Acta Diabetol. 2023;60(4):587–9.

 56. Austin TA, Thomas ML, Lu M, Hodges CB, Darowski ES, Bergmans R, 
et al. Meta-analysis of Cognitive Function Following Non-severe SARS-
CoV-2 Infection. Neuropsychol Rev. 2024. https:// doi. org/ 10. 1007/ 
s11065- 024- 09642-6.

 57. Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG, Mukherjee B. 
Global Prevalence of Post-Coronavirus Disease 2019 (COVID-19) Condi-
tion or Long COVID: A Meta-Analysis and Systematic Review. J Infect Dis. 
2022;226(9):1593–607.

 58. Song X, Song W, Cui L, Duong TQ, Pandy R, Liu H, et al. A Comprehensive 
Review of the Global Epidemiology, Clinical Management, Socio-
Economic Impacts, and National Responses to Long COVID with Future 
Research Directions. Diagnostics (Basel). 2024;14(11):1168.

 59. Fernández-de-Las-Peñas C, Martín-Guerrero JD, Pellicer-Valero ÓJ, et al. 
Female Sex Is a Risk Factor Associated with Long-Term Post-COVID 
Related-Symptoms but Not with COVID-19 Symptoms: The LONG-COVID-
EXP-CM Multicenter Study. J Clin Med. 2022;11(2):413.

 60. Perlis RH, Santillana M, Ognyanova K, Safarpour A, Lunz Trujillo K, 
Simonson MD, et al. Prevalence and Correlates of Long COVID Symptoms 
Among US Adults. JAMA Netw Open. 2022;5(10):e2238804.

 61. Floridia M, Giuliano M, Weimer LE, Ciardi MR, Agostoni P, Palange P, et al. 
Long-COVID Study Group. Symptom profile, case and symptom cluster-
ing, clinical and demographic characteristics of a multicentre cohort of 
1297 patients evaluated for Long-COVID. BMC Med. 2024; 22(1):532.

 62. Erinoso O, Osibogun O, Balakrishnan S, Yang W. Long COVID among US 
adults from a population-based study: Association with vaccination, 
cigarette smoking, and the modifying effect of chronic obstructive 
pulmonary disease (COPD). Prev Med. 2024;184:108004.

 63. Hua MJ, Butera G, Akinyemi O, Porterfield D. Biases and limitations in 
observational studies of Long COVID prevalence and risk factors: A rapid 
systematic umbrella review. PLoS ONE. 2024;19(5):e0302408.

 64. Dale CE, Takhar R, Carragher R, Katsoulis M, Torabi F, Duffield S, et al. The 
impact of the COVID-19 pandemic on cardiovascular disease prevention 
and management. Nat Med. 2023;29(1):219–25.

 65. Romero Starke K, Kaboth P, Rath N, eissig D, Kaempf D, Nienhaus A, et al. 
Cardiovascular disease risk after a SARS-CoV-2 infection: A systematic 
review and meta-analysis. J Infect. 2024; 89(3):106215.

 66. Gorst SL, Seylanova N, Dodd SR, Harman NL, O’Hara M, Terwee CB, et al. 
Core outcome measurement instruments for use in clinical and research 

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronavirusandthesocialimpactsoflongcovidonpeopleslivesingreatbritain/7aprilto13june2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronavirusandthesocialimpactsoflongcovidonpeopleslivesingreatbritain/7aprilto13june2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronavirusandthesocialimpactsoflongcovidonpeopleslivesingreatbritain/7aprilto13june2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronavirusandthesocialimpactsoflongcovidonpeopleslivesingreatbritain/7aprilto13june2021
https://doi.org/10.1007/s11065-024-09642-6
https://doi.org/10.1007/s11065-024-09642-6


Page 13 of 13Huang et al. BMC Medicine           (2025) 23:70  

settings for adults with post-COVID-19 condition: an international Delphi 
consensus study. Lancet Respir Med. 2023;11(12):1101–14.

 67. Talic S, Shah S, Wild H, Gasevic D, Maharaj A, Ademi Z, et al. Effective-
ness of public health measures in reducing the incidence of covid-19, 
SARS-CoV-2 transmission, and covid-19 mortality: systematic review and 
meta-analysis. BMJ. 2021;375:e068302.

 68. Premraj L, Kannapadi NV, Briggs J, Seal SM, Battaglini D, Fanning J, et al. 
Mid and long-term neurological and neuropsychiatric manifestations of 
post-COVID-19 syndrome: A meta-analysis. J Neurol Sci. 2022;434:120162.

 69. Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K, Marelli-Berg 
FM, et al. COVID-19 and the cardiovascular system: implications for 
risk assessment, diagnosis, and treatment options. Cardiovasc Res. 
2020;116(10):1666–87.

 70. Trimarco V, Izzo R, Pacella D, Trama U, Manzi MV, Lombardi A, et al. Inci-
dence of new-onset hypertension before, during, and after the COVID-19 
pandemic: a 7-year longitudinal cohort study in a large population. BMC 
Med. 2024;22(1):127.

 71. Azami P, Vafa RG, Heydarzadeh R, Sadeghi M, Amiri F, Azadian A, et al. 
Evaluation of blood pressure variation in recovered COVID-19 patients at 
one-year follow-up: a retrospective cohort study. BMC Cardiovasc Disord. 
2024;24(1):240.

 72. Ashmawy R, Hammouda EA, El-Maradny YA, Aboelsaad I, Hussein 
M, Uversky VN, et al. Interplay between Comorbidities and Long 
COVID: Challenges and Multidisciplinary Approaches. Biomolecules. 
2024;14(7):835.

 73. Mfouth Kemajou P, Mbanya A, Coppieters Y. Digital approaches in post-
COVID healthcare: a systematic review of technological innovations in 
disease management. Biol Methods Protoc. 2024;9(1):bpae070.

 74. Parker AM, Brigham E, Connolly B, McPeake J, Agranovich AV, Kenes MT, 
et al. Addressing the post-acute sequelae of SARS-CoV-2 infection: a 
multidisciplinary model of care. Lancet Respir Med. 2021;9(11):1328–41.

 75. van der Feltz-Cornelis CM, Sweetman J, Turk F, Allsopp G, Gabbay M, 
Khunti K, et al. Integrated care policy recommendations for complex mul-
tisystem long term conditions and long COVID. Sci Rep. 2024;14(1):13634.

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


	Prevalence of cardiovascular symptoms in post-acute COVID-19 syndrome: a meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Registration
	Search strategy and selection criteria
	Data extraction and quality assessment
	Data extraction
	Quality assessment

	Statistical analysis

	Results
	Overview of included studies
	Results of analysis
	Chest pain
	Palpitation
	Hypertension
	Results of case series studies
	Clinical interpretation of findings

	Subgroup analysis
	Sensitivity analysis
	Risk of bias assessment

	Discussion
	Interpretation of main findings
	Strengths and limitation
	Future research
	Relevance and implications

	Conclusions
	Study conclusions

	Acknowledgements
	References


