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Abstract
Patients recovered from COVID-19 have an increased incidence of cardiovascular disease and heart structural changes. The 
aim of the present manuscript is to assess the risk of incident heart failure (HF) after COVID-19 infection. Data were obtained 
searching MEDLINE and Scopus for all studies published at any time up to September 1, 2022 reporting the risk of incident  
HF in COVID-19 recovered patients. The cumulative post-COVID-19 incidence and risk of incident HF were pooled  
using a random effects model and presented with the corresponding 95% confidence interval (CI). Statistical heterogeneity 
was measured using the Higgins I2 statistic. Overall, 21,463,173 patients (mean age 54.5 years, 58.7% males) were analyzed. 
Among them, 1,628,424 had confirmed COVID-19 infection while the remaining 19,834,749 represented the controls. The 
mean length of follow-up was 9.2 months. A random effect model revealed a pooled incidence of post COVID-19 HF in 
1.1% of cases (95% CI: 0.7–1.6, I2: 99.8%). Moreover, recovered COVID-19 patients showed an increased risk of incident 
HF (HR: 1.90, 95% CI: 1.54–3.24, p < 0.0001, I2 = 96.5%) in the same follow-up period. Meta-regression showed a direct 
relationship for the risk of incident HF using age (p = 0.001) and hypertension (HT) (p = 0.02) as moderators, while an inverse 
association was observed when the follow-up length was adopted as moderating variable (p = 0.01). COVID-19 survivors had 
an additional 90% risk of developing HF after COVID-19 infection in the long-term period. This risk was directly related 
with age and previous history of HT especially in the early post-acute phase of the infection.

Keywords  COVID-19 · Heart failure · Follow-up

Introduction

Recent analyses have demonstrated an increased incidence 
of cardiovascular disease and heart structural changes in 
recovered COVID-19 patients [1]. Although myocardial 
injury has been identified as a significant pathogenic feature 
of COVID-19 infection [2–5], associated with worse short-
term prognosis, the long-term cardiovascular outcomes in 
COVID-19 survivors remain largely unclear. To this regard, 

few studies have investigated the risk of heart failure (HF) 
during the post-acute phase of COVID-19. Furthermore, 
a comprehensive assessment of this potential post-acute 
COVID-19 sequelae is still lacking. The aim of the present 
manuscript is to assess the risk of incident HF in COVID-19 
recovered patients by performing a systematic review and 
meta-analysis of the available data.

Material and methods

Study design and eligibility criteria

This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) reporting 
guideline (Supplementary file 1) [6]. Data were obtained 
searching MEDLINE and Scopus for all studies, either 
retrospective or prospective, published at any time up to 
September 1, 2022, and reporting the mid/long-term risk 
(defined as > 4 months) of incident HF in COVID-19 recov-
ered patients. In the reviewed investigations, recovered 
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COVID-19 subjects were compared to “contemporary 
cohorts” defined as subjects who did not experience the 
SARS-CoV-2 infection and developed incident HF in the 
same follow-up period.

Outcomes

The pooled incidence of incident HF in recovery COVID-19 
patients was chosen as the primary outcome. Conversely, the 
secondary outcome was the risk of incident HF in the same 
period compared to contemporary cohorts, which were used 
by reviewed studies as control groups.

Data extraction and quality assessment

The selection of studies to be included in our analysis was 
independently conducted by two authors (M.Z., C.B.) in a 
blinded fashion. Any discrepancies in study selection were 
resolved by consulting a third author (G.R.). The following 
MeSH terms were used for the search: “Heart failure” AND 
“COVID-19 sequelae” OR “Heart failure” AND “COVID-
19”. The full search strategy is presented in the Supple-
mentary file 2. Moreover, we searched the bibliographies 
of the target studies for additional references. Specifically, 
inclusion criteria were (i) studies enrolling subjects with 
previous confirmed COVID-19 infection, and (ii) providing 
the hazard ratio (HR) and relative 95% confidence interval 
(CI) for the risk of incident HF after the infection compared 
to contemporary control cohorts. Conversely, case reports, 
review articles, abstracts, editorials/letters, and case series 
with less than 10 participants were excluded. Data extraction 
was independently conducted by two authors (M.Z., G.R.). 
Studies were excluded from the meta-analysis if they did not 
provide data regarding the risk of incident HF, reported as 
HR and relative 95% CI, after COVID-19 infection. For all 
studies reviewed, we extracted, when provided, the number 
of patients enrolled, the mean age, male gender, prevalence 
of cardiovascular comorbidities such as arterial hypertension 
(HT), diabetes mellitus (DM), chronic obstructive pulmo-
nary disease (COPD), chronic kidney disease (CKD), obe-
sity, pre-existing HF, cerebrovascular disease, and length of 
follow-up. The quality of included studies was graded using 
the Newcastle–Ottawa (NOS) quality assessment scale [7]. 
Any score ≥ 7 qualified as high quality with a low risk of 
bias, while a score < 5 is categorized as low quality with a 
high risk of inherent bias. Any score in between is rated as 
moderate quality [7].

Data synthesis and analysis

Continues variables were expressed as mean while cat-
egorical variables were presented as numbers and relative 
percentages. The cumulative post-COVID-19 incidence 

of HF (n/N), defined as the ratio between post COVID-19 
patients experiencing HF (n) and the number of all recov-
ered COVID-19 patients (N) over the follow-up period, 
was pooled using a random effects model and presented 
with the corresponding 95% confidence interval (CI). 
Similarly, for the secondary outcome, the HRs with the 
related 95% confidence interval (CI) were pooled using 
a random-effect model. Furthermore, a predefined sen-
sitivity analysis (leave-one-out analysis) was performed 
removing one study at the time, to evaluate the stability 
of our results regarding both the HF incidence and risk. 
Statistical heterogeneity was measured using the Higgins 
I2 statistic and Q value. Specifically, a I2 = 0 indicated 
no heterogeneity while we considered low, moderate, and 
high degrees of heterogeneity based on the values of I2 
as < 25%, 25–75%, and above 75% respectively. The pres-
ence of potential publication bias was verified by visual 
inspection of the funnel plot. Due to the low number of the 
included studies (< 10), small-study bias was not exam-
ined as our analysis was underpowered to detect such bias. 
To further appraise the impact of potential baseline con-
founders, a meta-regression analysis was also performed 
to explain the observed heterogeneity related to the risk 
of incident HF, if any. All meta-analyses were conducted 
using Comprehensive Meta-Analysis software, version 3 
(Biostat, USA).

Results

Search results and included studies

A total of 10,908 articles were obtained using our search 
strategy. After excluding duplicates and preliminary screen-
ing, 4431 full-text articles were assessed for eligibility. 
Among them, 4326 studies were excluded for not meeting 
the inclusion criteria, leaving 5 retrospective investigations 
fulfilling the inclusion criteria (Fig. 1) [7–12].

Characteristics of the population and quality 
assessment

Overall, 21,463,173 patients (mean age 54.5 years, 58.7% 
males) were included in this analysis [8–12]. Among 
them, 1,628,424 had confirmed COVID-19 infection 
while the remaining 19,834,749 represented the controls. 
The general characteristics of the studies included are 
presented in Table 2. Although the demographic charac-
teristics and concomitant comorbidities were not system-
atically recorded in all investigations, the cohorts mainly 
consisted of middle-aged patients. No data regarding 
the severity of the infection or vaccination status were 
provided. The mean length of follow-up was 9.2 months 
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ranging between 4 and 12 months. The reviewed inves-
tigations identified the occurrence of AMI by screening 
the medical records of enrolled patients using the Inter-
national Classification of Diseases 10th Revision (ICD-
10) codes I50 [8–12]. Quality assessment showed that all 
studies were of moderate-high quality according to the 
NOS scale (Table 1).

Pooled incidence of incident heart failure

The cumulative post-acute COVID-19 rate of incident HF 
in COVID-19 survivors ranged between 0.4 and 2% among 
the reviewed studies [8–12]. A random effect model 
revealed a pooled incidence of post COVID-19 HF in 1.1% 
of cases (95% CI: 0.7–1.6, I2: 99.8%) (Fig. 2). The relative 
sensitivity analysis slightly changed the combined inci-
dence rate, which remained statistically significant across 
a range from 0.9% of cases (95% CI: 0.5–1.4, I2: 99.8%) 
to 1.3% of cases (95% CI: 0.9–1.8, I2: 99.7%), suggesting 
that no single investigation had an undue impact on the 
study outcome. The visual inspection of the funnel plot is 
showed in supplementary file 3, panel A.

Fig. 1   Flow diagram of selected studies for the meta-analysis accord-
ing to the preferred reporting items for systematic reviews and meta-
analyses (PRISMA)
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Mid‑long‑term risk of incident HF

After a mean follow-up of 9.2 months, recovered COVID-
19 patients presented an increased risk of incident HF 
(HR: 1.90, 95% CI: 1.54–3.24, p < 0.0001, I2 = 96.5%) 
compared to those patients that not experienced COVID-
19 infection in the same period (Fig. 3). The funnel plot 
disclosed the presence of potential publication bias (Sup-
plementary file 3, panel B). The sensitivity analysis con-
firmed yielded results reporting an HR ranging between 
2.04 (95% CI: 1.67–2.49, p < 0.0001, I2: 96.7) and 1.80 
(95% CI: 1.43–2.25, p < 0.0001, I2: 98.7%), indicating that 
the obtained results were not driven by any single study.

Meta‑regression for the risk of incident heart failure

A meta-regression analysis showed a significant direct 
relationship for the risk of incident HF using age 
(p = 0.001) and HT (p = 0.02) as moderators, while an indi-
rect association was observed when the follow-up length 
was adopted as moderating variable (p = 0.01) (Table 2).

Discussion

Our results, based on a large population of more than 20 
million people, demonstrated that COVID-19 recovery 
subjects had an additional 90% risk of developing HF 
within 9 months from the acute infection. This risk was 
directly influenced by age and previous history of HT and 
resulted higher in the early post-acute phase of the infec-
tion, as demonstrated by the meta-regression. Further-
more, the absence of any correlation with other cardiovas-
cular risk factors or comorbidities suggested that the risk 
of incident HF might manifest even in subjects at relatively 
low cardiovascular risk. The high heterogeneity observed 
may be partly explained by the differences in baseline 
characteristics of the population enrolled, immunization 
against COVID-19 infection, pre-existing cardiovascular 
risk factors, or previous HF history. Although sensitivity 
analysis confirmed the robustness of our results, our esti-
mates should be carefully considered.

Unfortunately, the revised studies did not systematically 
report data regarding a previous history of HF, as well as no 
data related to the left ventricular ejection fraction, limiting 

Fig. 2   Forest plots investigating the pooled incidence of post-COVID-19 HF during the follow-up period

Fig. 3   Forest plots investigating the long-term risk of incident heart failure after COVID-19 Infection
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the possibility to further characterize the reported risk 
[9–12]. However, to the best of our knowledge, our analysis 
represents the first attempt to comprehensively assess the 
risk of incident HF in the post-acute phase of COVID-19 
subjects. Notably, we observed that the HF risk was compa-
rable between men and women, although this result had to 
be cautiously considered. Indeed, the comparison of rates 
between gender is highly dependent on the age range of the 
population under study. Furthermore, when the death rate 
is high from causes other than the disease of interest, the 
incidence rates of the disease are generally overestimated in 
traditional Kaplan–Meier survival analysis due to compet-
ing risks. Nevertheless, sensitivity analysis confirmed the 
robustness of our results [13].

The exact pathophysiological mechanism underling the 
higher risk of HF in COVID-19 survivors has not yet been 
completely established. The direct viral invasion of car-
diomyocytes and subsequent cell death or endothelial cell 
infection and subsequent dysfunction or the complement-
mediated coagulopathy and microangiopathy may represent 
some of potential triggers [14–17]. Indeed, we cannot evalu-
ate if COVID-19 infection represented just a trigger or the 
underlying cause of HF during the follow-up period.

Our findings are in accordance with the results provided 
by Zhang et al. [18] which observed an increased risk of HF 
in COVID-19 survivors within 89 days, but their results were 
presented as risk ratio and therefore they were not included 
in our meta-analysis. Indeed, it would be incorrect to pool 
risk ratio and hazard ratio together since they evaluate dif-
ferent outcomes from different study designs.

Doubtless, our preliminary findings have several impli-
cations for daily clinical practice and future research. The 
HF risk is not limited just to the acute phase of the infection 
but extends in the medium/long-term period, indicating the 
need to prevent the infection and to consider post COVID-19 
patients at future risk of HF. As consequence, the epidemi-
ology of the disease may change in term of rates of relative 

hospitalizations and associated outcomes as well as in the 
related costs for the public health care systems. While clini-
cians are wondering whether the pandemic will be followed 
by a cardiovascular after shock [19], our findings, for the first 
time, provide preliminary comprehensive evidence regarding 
the higher risk of HF in COVID-19 survivors which empha-
sizes the need of specific clinical follow-up for these subjects 
to prevent long-term cardiovascular consequences.

Limitations

Our study has several limitations related to the observational 
nature of the studies reviewed and their own limitations with 
all inherited bias. Potential underestimation could derive 
from detection bias considering that some of the articles 
reviewed were based on data derived from medical records 
with relative ICD-19 codes; therefore, we cannot exclude 
that miscoding may have biased our results. Moreover, sam-
pling bias by the competing risk of death may also have led 
to underestimation of the real cumulative incidence of HF. 
Probably, reviewed data may have underestimated the real 
impact of HF after COVID-19 infection especially during 
the early phase of the pandemic, for the presence of undiag-
nosed cases and for patients lost during the follow-up period. 
Furthermore, we cannot exclude that some bias regarding the 
diagnosis of HF may derived from the misinterpretation of 
respiratory symptoms, especially during the recovery phase. 
However, previous investigations have reported a relatively 
higher sensitivity, specificity, and positive predictive value 
for the HF diagnosis using ICD-10 codes [20, 21]. Doubtless, 
the rates of underling comorbidities, sex ratios, and age distri-
bution in the observed analyses may be different from those 
present in other regions of the world, limiting the generaliz-
ability of our findings. Notably, no data regarding the differ-
ent treatment strategies administered to enrolled COVID-19 
recovered patients as well as the potential influence of vac-
cinations were provided, limiting the possibility of further 
sub-analyses. Finally, no data were available regarding the 
LVEF, limiting the characterization of HF patients [22].

Conclusion

After reviewing a large population of more than 20 million 
people, we observed that COVID-19 survivors had a higher 
risk of developing HF after in the long-term period, espe-
cially in the early post-acute phase. Our findings suggest that 
HF represents an important post-acute COVID-19 seque-
lae that might benefit from an adequate primary prevention 
against SARS-CoV-2 infection and an appropriate follow-up 
in COVID-19 patients.

Table 2   Meta-regression analysis for the long-term risk of incident 
heart failure after COVID-19 infection. CI confidence interval, HT 
arterial hypertension, DM diabetes mellitus, COPD chronic obstruc-
tive pulmonary disease, CKD chronic kidney disease

Moderator Coeff 95% CI p

Age (years) 0.006 0.013 to 0.023 0.001
Males (%) −0.002 −0.016 to 0.011 0.731
HT (%) 0.002 0.005 to 0.011 0.02
DM (%) −0.013 −0.030 to 0.004 0.143
COPD (%) −0.005 −0.041 to 0.030 0.759
CKD (%) −0.015 −0.005 to 0.027 0.480
Obesity (%) −0.006 −0.028 to 0.015 0.573
Follow-up (months) −0.004 −0.072 to −0.031 0.01
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