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Abstract

Background Common complaints of long COVID patients are cardiac symptoms such as fatigue, weakness, and a
feeling of palpitations. The study aimed to investigate the clinical features of patients with persistent cardiological
symptoms occurring within 3 to 6 months after COVID-19. Differences in ambulatory blood pressure monitoring
(ABPM), Holter ECG (electrocardiogram) and Echocardiography between people with and without persistent
cardiological symptoms were evaluated. We also assessed whether the symptoms of anxiety and depression may be
implicated in the clinical outcomes.

Materials and methods This was a retrospective study of patients affiliated with the STOP-COVID registry who
attended a follow-up visit 3-6 months after undergoing COVID-19. The visit assessed the clinical symptoms present
and performed tests: ABPM, Holter ECG and Echocardiography. 504 patients additionally had GAD-2 (Generalized
Anxiety Disorder 2-item) and PHQ-2 (Patient Health Questionnaire-2) tests performed.

Results The analysis included 1080 patients. At least 1 of the analyzed symptoms was present in 586 patients (54.3%).
The most common symptom was fatigue (38.9%). Comparing patients with or without palpitations showed that

the mean value of ventricular extrasystole was higher in the former group (p=0.011). Comparing patients with and
without cardiac symptoms, there were differences in the mean values of the PHQ-2 (p=0.022) and GAD-2 (p <0.001)
scales, as well as in the percentage of responses related to the risk of anxiety or depression.

Conclusion Cardiological symptoms are common among health issues that patients must face after contracting
COVID-19. People with palpitations had more excessive ventricular extrasystoles than patients without these
symptoms.

Trial registration Our retrospective study was based on analysis of medical data of patients with COVID-19 treated
L on out-patient basis in the STOP-COVID registry of the Polish Long-Covid Cardiovascular (PoLoCOV-CVD) study
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Background

The Coronavirus Disease 2019 (COVID-19) affected over
774 million individuals and caused more than seven mil-
lion deaths globally [1]. In Poland, 7.7 million cases and
120,000 deaths due to SARS-CoV-2 (severe acute respi-
ratory syndrome coronavirus 2) were recorded by May
2024 [2]. Even though the World Health Organization
(WHO) announced the end of the global public health
threat in 2023, SARS-CoV-2 still poses a risk, mainly
due to persistent symptoms after COVID-19, collectively
termed Long COVID (LC) [3, 4]. This term was defined
by WHO to describe symptoms that persist or appear
after the acute phase of SARS-CoV-2 infection and
extend beyond the initial four-week period. It is differen-
tiated into “persistent symptomatic COVID-19” (symp-
toms persisting for 4 to 12 weeks) and “post-COVID-19
syndrome” (persistence of symptoms for more than 12
weeks) [5, 6]. Its incidence varies depending on the data
source: it is estimated at approximately 10% of non-hos-
pitalized people [7, 8]. The long-term complications of
COVID-19 reported by patients are very diverse, affect-
ing the respiratory, nervous, digestive, and cardiovas-
cular systems [9, 10]. LC is characterized by persistent
symptoms such as fatigue, muscle weakness, shortness of
breath, heart rhythm disturbances, arthralgia, and neu-
rological complications such as impaired memory, “brain
fog’, and headaches [11, 12]. Some of the most common
manifestations of Long COVID include cardiac symp-
toms [13, 14]. Long COVID poses a significant economic
burden and worsens the quality of life [15].

The course of SARS-CoV-2 infection and the possible
occurrence of long-term consequences are influenced
by many factors. They include age, gender, immune
response, and chronic diseases (e.g., diabetes and respira-
tory or cardiovascular diseases), but also the virus variant
[16—-18]. Since 2022, the most prevalent variant in Poland
was Omicron [19]. Its greater infectivity, shorter incuba-
tion period, and higher replication efficiency result in a
milder disease course, which makes Omicron completely
different compared to the previous variants, i.e., Alpha or
Delta [17, 20, 21]. It has been shown that Omicron con-
tributes less to the development of long-term complica-
tions of COVID-19. This is confirmed by large studies in
many countries around the world [22]. The reasons why
the Omicron variant has a lower risk of developing com-
plications are not known. The reduced long COVID risk
after Omicron infections could result from the intrinsic
properties of SARS-CoV-2 variants to cause long-term

health problems, as well as differences in vaccination and
population immunity to SARS-CoV-2 [23].

A literature review published by Tsampasian et al.
showed that one of the most likely mechanisms leading
to the development of Long COVID and cardiac symp-
toms is an elevated immune response during the acute
phase of COVID-19. Persistently elevated levels of pro-
inflammatory cytokines and lymphocytes B and T were
noted [24]. Currently, there is no evidence of the influ-
ence of genetic predisposition on the risk of develop-
ing Long COVID, but related research is ongoing [25].
Moreover, attention is currently being paid to the influ-
ence of the mental condition on the symptoms of Long
COVID [26, 27]. Previous studies have shown that people
with long COVID syndrome are more likely to develop
depression, anxiety and sleep disorders, or even post-
traumatic stress disorder. It is believed that the basis for
their coexistence may be due to the persistence of clinical
symptoms, which can affect quality of life and carry both
social and economic consequences. On the other hand,
it is believed that mechanisms from the immune sys-
tem may also play a role [28]. Other studies suggest that
depression and anxiety are comorbidities and predictors
of long COVID [29].

In order to unequivocally identify a cardiovascular dis-
order, it is necessary to perform certain additional tests,
which may include laboratory measurements, blood
pressure measurements, ECG, as well as imaging stud-
ies such as echocardiography [30]. Previous studies con-
ducted on patients after COVID-19 have shown that
echocardiographic abnormalities such as left ventricular
diastolic dysfunction and right ventricular dysfunction
were common in patients with persistent long COVID
[31-33]. Moreover, assessment of ejection fraction allows
the diagnosis of heart failure. In the assessment of myo-
cardial damage, ECG evaluation can also be a useful
parameter, which has been confirmed in other studies,
including those evaluating predictors of long COVID
[34-36].

In light of the above data, there is a need for studies
assessing the association of SARS-CoV-2 infection with
cardiovascular disorders. Therefore, this study aimed to
investigate the clinical features of patients with persistent
cardiological symptoms occurring within 3 to 6 months
after COVID-19. Differences in ambulatory blood pres-
sure monitoring (ABPM), Holter ECG and Echocar-
diography between people with and without persistent
cardiological symptoms were evaluated. In addition, we
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assessed whether the symptoms of anxiety and depres-
sion may be implicated in the clinical outcomes.

Materials and methods

Study group characteristics

This is a retrospective study on a group of patients asso-
ciated with the STOP-COVID project (Clinical Trials.gov
ID: NCT05018052). Consent to conduct the study was
obtained from the Bioethics Committee of the District
Medical Chamber in Lodz (no. KB-0115/2021).

Of the 6100 patients reviewed as part of the STOP
COVID registry, 1080 met the criteria and were included
in further analyses. Before participating in the study,
patients were informed about the methodology and
study goals, which allowed them to give their informed
consent.

Patients were divided into two groups depending on the
occurrence of cardiac symptoms after COVID-19: group
A- patients with cardio Long COVID (cardio LC =586)
and group B— patients without cardio Long COVID (non
Cardio-LC =494). According to the adopted definition,
Long COVID was diagnosed in patients who had at least
1 symptom 3 months after suffering from COVID-19,
which could not be explained by other causes. But only
symptoms suggesting cardiac problems were analyzed,
such as excessive fatigue, shortness of breath, chest pain,
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fainting and the feeling of heart palpitations (group A).
The second analyzed group consisted of patients who had
none of the above-mentioned cardiological symptoms
(group B). Additionally, patients were divided accord-
ing to the period of the disease, taking into account the
period before and during the dominance of the Omicron
variant. The cut-off date was January 2022, in accordance
with a previous publication indicating that the Omicron
variant was responsible for >95% of the causes of infec-
tion in Poland [19].

The inclusion criteria for this research

Inclusion criteria for the above analysis included patients
who have made a stationary visit to a doctor’s office
within 3-6 months of contracting COVID-19 (from 6
weeks after the end of the acute phase of infection) con-
firmed by a PCR and/or antigen test, in accordance with
the legal regulations in a given period). Inclusion crite-
ria for the analysis included: age>18 years, confirmed
COVID-19, informed consent to participate in the study,
and lack of previously diagnosed cardiovascular diseases
such as heart failure, condition after heart attack, con-
dition after stroke, condition after cardiac surgery, and
coronary heart disease. Failure to meet the above criteria
excluded the patient from participating in further analy-
sis (Fig. 1).

STOP COVID registry
(n=6100)

inclusion criteria

Patients excluded

(n=5020)

for the study

A

Patients included
in the analysis
(n=1080)

v

Group A

(cardio LC = 586)

Fig.1 Study flowchart

Group B
(non Cardio-LC = 494)
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Methodology

During the visit, patients were asked about sociodemo-
graphic variables and completed a health questionnaire
that analyzed the occurrence of specific clinical symp-
toms. Chronic diseases were also assessed, including
hypertension, diabetes, asthma, chronic obstructive pul-
monary disease (COPD), hypothyroidism, and cardio-
vascular diseases (heart failure, coronary artery disease,
condition after cardiosurgery and after a heart attack,
etc.). Because severe hypertension (grade 3: >180/=110
mmHg) may affect cardiac function, patients with
hypertension were included in the study: grade 1 (mild),
140—159/90—99 mmHg; grade 2 (moderate), 160—
179/100—109 mmHg. Additionally, patients were evalu-
ated regarding anthropometric measurements (weight
and height), on the basis of which the Body Mass Index
(BMI) was calculated. The status of vaccination against
COVID-19 was also assessed; a vaccinated patient was
considered an individual who received the basic vaccina-
tion regimen before COVID-19. Full vaccination status
included:

1 dose of Vaccine Jansen or.

2 doses of Vaxzevria.

2 doses of Comirnaty.

2 doses of Spikevax.

Booster doses were not analyzed. Moreover, from June
2022 patients had to complete the Patient Health Ques-
tionnaire-2 (PHQ-2) and Generalized Anxiety Disorder
2-item (GAD-2).

The PHQ-2 psychometric scale is a screening tool for
the initial diagnosis of depression, which consists of two
questions based on the original PHQ-9 scale while main-
taining its psychometric properties. Patients can get from
0 to 6 points. The selected cut-off point was 3, per the
recommendations of the authors of the tool. Above this
value, the presence of depression should be suspected
[37].

The GAD-2 scale is a shortened version of the GAD-7
scale used for screening the diagnosis of anxiety. The
scale consists of two questions and a patient can get from
0 to 3 points. The selected cut-off point was 3, in accor-
dance with the original version of the scale. Above this
value, the presence of anxiety should be suspected [38].

As part of the visit, the patient underwent additional
tests, which included ambulatory blood pressure moni-
toring (ABPM), Holter ECG and Echocardiography.
Echocardiography was performed by a cardiologist.
The examination was performed under the recommen-
dations of the American Society of Echocardiography
(ASE) and the European Society of Cardiovascular Imag-
ing (EACVI) [39]. Standard projections necessary for a
complete echocardiographic examination were recorded:
parasternal and apical-four-chamber, two-chamber, and
three-chamber, as well as a modified apical projection for
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the right ventricle. On their basis, the regional contrac-
tility in 17 segments of the left ventricular muscle and
the contractile function of the right ventricle were visu-
ally analyzed. Based on the modified Simpson method,
quantitative measurements of left ventricular function
included end-systolic and end-diastolic volumes and left
ventricular ejection fraction (EF). Quantitative assess-
ment of the right ventricular systolic function was based
on the evaluation of the tri-cuspid annular systolic excur-
sion amplitude (TAPSE) and the measurement of the
maximum myocardial systolic velocity S’ of the tricuspid
annulus/basal segment of the RV free wall, established
using tissue echocardiography (TDE). 24-hour Holter
ECG monitoring was performed using PocketECG III
(Medicalgorithmics Unified Arrhythmia Diagnostic Sys-
tem, Warsaw, Poland).

The diagnostic tools used in our study play a crucial
role in ensuring the reliability of findings in the context
of long COVID. The PHQ-2 and GAD-2 questionnaires,
used for the rapid assessment of depression and anxi-
ety, help identify mental health issues that are common
among long COVID patients, thereby improving diag-
nostic accuracy and enabling quicker intervention. The
ability of these questionnaires to swiftly diagnose men-
tal health problems is important, as these symptoms
can affect health outcomes and quality of life [40]. Blood
pressure monitoring using ABPM allows for a more accu-
rate assessment of hypertension, which is often a com-
plication associated with SARS-CoV-2 infection [41, 42].
Meanwhile, Holter ECG is useful for detecting arrhyth-
mias that may occur in patients after COVID-19 [43], and
echocardiography is a vital tool in diagnosing myocardial
damage, such as cardiomyopathy, enabling monitoring of
heart function and preventing further complications [44].
All these tools allow for a comprehensive evaluation of
patients’ health, contributing to more accurate results in
long COVID research.

Statistical analysis

The analyzed variables were qualitative and quantita-
tive. The normality of distribution was assessed using the
Shapiro-Wilk test. A comparison of quantitative variables
was performed using the nonparametric Mann-Whitney
U test. A comparison of qualitative variables was per-
formed using the Chi-square test. In addition, to evaluate
the relationship between ABPM, Holter ECG and echo-
cardiography and PHQ-2 and GAD-2 scale scores, multi-
variate logistic regression analysis was performed, where
the dependent variable was GAD-2 scale score > 3 points,
and independent variables included ABPM, Holter ECG
and echocardiography scores. An analogous model
included the dependent variable in the form of a PHQ-2
scale score>3 points. Statistica 13.0 (StatSoft, Tulsa,
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Table 1 Characteristics of the study group, including division into patients with and without diagnosed cardio long COVID

Variable The whole group N(%) M+SD Group A Group B P
N(%) M£SD N(%) M+SD
Sex Male 336 (31.1) 157 (46.7) 179 (53.3) <0.001
Female 744 (68.9) 429 (57.7) 315(423)
Age 569+13.3 569+134 5724131 0.595
BMI 278154 27.8+56 278+53 0.719
COVID-19 vaccination 812(75.2) 457 (56.3) 355 (43.7) 0.020
Hypertension 480 (44.4) 253 (52.7) 227 (47.3) 0.360
DM 124 (11.5) 60 (48.4) 64 (51.6) 0.163
Hyperlipidemia 194 (18.0) 113 (583) 81 (41.7) 0218
Asthma 104 (9.6) 66 (63.5) 38 (36.5) 0.047
COPD 17(1.6) 12 (70.6) 5(294) 0.173
Hypothyroidism 170 (15.7) 101 (59.4) 69 (40.6) 0.108
COVID-19 period PreOmicron 507 (46.9) 274 (54.0) 233 (46.0) 0.893
Omicron 573 (53.1) 312 (54.5) 261 (45.5)

BMI, Body Mass Index; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; N- number; M- Mean; SD- standard deviation, LC- long COVID

Table 2 Cardio long COVID symptoms in the analyzed group

Symptoms N (%) M+SD
Fatigue 420 (38.9)
Fainting 19(1.8)
Dyspnoea 120(11.1)
Chest pain 126 (11.7)
Heart palpitations 190 (17.6)
At least one of the cardiac symptoms analyzed 586 (54.3)
Number of symptoms 0 490 (45.7)

1 399 (36.9)

2 117 (10.8)

3 44 (4.1)

4 20(1.9)

5 6 (0.6)

N- number; M- Mean; SD- standard deviation

Oklahoma, United States) was used for calculations. In
all tests, the level of statistical significance was p <0.05.

Results

Characteristics of the group included in the study

The study included 1080 patients with a mean age of
56.9+13.3 years. The vast majority were women (68.9%).
Patients vaccinated against COVID-19 constituted 75.2%
of the study group. The most common chronic diseases
were hypertension (44.4%) and lipid disorders (18.0%).
More than half of patients (53.1%) were affected during
the dominance of the Omicron variant. A detailed sum-
mary of the study group is presented in Table 1.

Cardio long COVID

At least one of the analyzed symptoms occurred in 586
patients (54.3%), with the most common being fatigue
(38.9%). Palpitations occurred in 17.6% of patients,
whereas 19 patients declared episodes of syncope during
the analyzed period. Most often, patients had 1 of these
symptoms (45.7%). All investigated symptoms occurred

in 6 patients (0.6%). A detailed summary of these results
is presented in Table 2.

Supplementary examination

The comparative analysis between patients with and
without cardio-LC showed no differences in ABPM,
Holter ECG, or echocardiograph. The detailed summary
is presented in Table 3.

However, comparing patients with or without the feel-
ing of heart palpitations showed that the mean value of
ventricular extrasystole (VES) was higher in the former
group (p=0.011). Interestingly, these patients had lower
average blood pressure values, both systolic (p=0.001)
and diastolic (p=0.028). A detailed summary is presented
in Table 4.

Mental condition

PHQ-2 and GAD-2 were assessed in 504 patients. Among
this group, 290 (57.4%) declared the occurrence of at
least 1 analyzed symptom in the period of 3—-6 months
after the end of SARS-CoV-2 infection. Comparing car-
dio Long COVID patients with and without cardiologi-
cal symptoms, significant differences were found in the
mean values of the PHQ-2 and GAD-2 scales, as well as
in the percentage of responses indicating an increased
risk of anxiety or depression. The detailed summary is
presented in Table 5.

Multivariate logistic regression analysis evaluated
the relationship between ABMP scores and PHQ-2 and
GAD-2 scale scores. It was shown that subjects with
PHQ-2>3 points had higher heart rates. Detailed data
are shown in Table 6.

Discussion

This study aimed to investigate the clinical features of
patients with persistent cardiological symptoms occur-
ring within 3 to 6 months after COVID-19. The study
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Table 3 Comparison of specific ABPM, Holter ECG and echocardiography parameters between patients with and without diagnosed

cardio long COVID

Variables The whole group N(%) M+SD Group A Group B P
N(%) M£SD N(%) M£SD

ABPM Systolic 1247135 1243+133 1252+139 0411
Diastolic 73.7+87 73.5+82 73.8+93 0.946

24-h Holter ECG HR 753+95 755+96 75.1£94 0.458
VES 1873+£1038.3 201.8+£1039.9 170.0+£1037.9 0.904
Runs>3 21 (1.9) 11 (55.0) 10 (45.0) 0.553
NSVT 20(1.8) 9 (45.0) 11 (55.0) 0401
SVES 1194+£551.9 106.9+488.3 1343+619.1 0.053

Echocardiography Ao 311140 31.1+39 31.0£43 0.841
EF 59.0+4.1 59.1+4.1 589+4.0 0.561
TAPSE 252424 251+23 253425 0.321
Any contraction abnormalities 81(7.5) 50(61.7) 31(38.3) 0.161

Abbreviations: LC- long COVID; HE- heart rate; ECG, electrocardiogram; HR, heart rate; NSVT, nonsustained ventricular tachycardia; SVES, supraventricular
extrasystole; VES, ventricular extrasystole; ABPM - Ambulatory Blood Pressure Monitoring; Ao- Aorta diameter; EF - Ejection Fraction; TAPSE - Tricuspid annular
plane systolic excursion; Runs >3 number or episodes with more than 3 consecutive ventricular extrasystoles

Table 4 Comparison of additional test results between patients
with and without perceived heart palpitations

Variable Heart Lack of heart p
palpita- palpitations
tions N(%)  N(%) M+SD
M+SD
ABPM Systolic 121.7+£136 1254£135  0.001
diastolic 723+83 739+88 0.028
24-h Holter ECG HR 764+9.9 75.1+94 0.114
VES 190.3£896.3 186.6+10668 0.011
Runs>3 1.63+10.1 33£715 0.149
NSVT 42.1) 186 (97.8) 0.778
SVES 131.3£461.1 1169+5696 0.135
Echocardiography Ao 306+36 31.2+42 0.044
EF 59.5+4.6 589+39 0.012
TAPSE 253+23 252+24 0.346
Any 8(4.2) 182(95.8) 0.058
contraction
abnormali-
ties

Abbreviations: HE- heart rate; ECG, electrocardiogram; HR, heart rate; NSVT,
nonsustained ventricular tachycardia; SVES, supraventricular extrasystole;
VES, ventricular extrasystole; ABPM - Ambulatory Blood Pressure Monitoring;
Ao- Aorta diameter; EF - Ejection Fraction; TAPSE - Tricuspid annular plane
systolic excursion; Runs>3 number or episodes with more than 3 consecutive
ventricular extrasystoles

Table 5 Comparison of GAD-2 and PHQ-2 scale scores between
patients with and without cardio long COVID symptoms

The whole Group A GroupB p

group (N=290) (N=214)

(N=504) N(%) N(%) N(%)

MzSD MzSD M+SD
PHQ-2=3 points 156 (30.1) 103 (35.5) 53(24.8) 0.009
PHQ-2 M£SD 1.92+1.8 206+1.8 1.74+£17 0.022
GAD-2=3 points 151 (29.9) 104 (35.9) 47 (220) 0.008
GAD-2 M+SD 202+1.7 227+18 169+£16 <0.001

GAD-2 Generalized Anxiety Disorder 2-item; PHQ-2 Patient Health
Questionnaire-2, LC- long COVID, M- Mean; SD- standard deviation,

found that people with palpitations had more excessive
ventricular extrasystoles than patients without these
symptoms. Additionally, it was observed that individuals
with persistent cardiac symptoms after COVID-19 have
a much worse mental condition. Long COVID is still not
fully understood and although the spread of SARS-CoV-2
diminishes, patients experiencing persistent symptoms
are being reported worldwide [8]. The pathophysiol-
ogy of Long COVID remains elusive due to the diverse
symptoms and affected organs, hampering the develop-
ment of effective treatment strategies [45]. A notable rise
in cardiovascular disease was noted among individu-
als who survived COVID-19, including those who did
not require hospitalization [46]. Huseynov et al. indi-
cate that on average 30% of patients who have recovered
from COVID-19 experience persistent cardiopulmonary
symptoms (including dyspnea, palpitations, reduced
physical capacity, and cardiac arrhythmias) continuing
for weeks or even months after the acute SARS-CoV-2
infection [47].

The present study indicates that Long COVID with
cardiovascular complications is manifested more fre-
quently among women, asthmatics, and vaccinated indi-
viduals. Cohen and colleagues showed that women are
more likely to develop Long COVID and to have related
activity limitations [48]. Similar observations were noted
by Bai et al. [49] and Ferndndez-de-Las-Pefias et al.
[50]. Women exhibit a slower decline in heart rate after
physical exertion and experience a decrease in total lung
capacity. Overall exercise tolerance in women may be
caused by persistent cardiopulmonary abnormalities
following a SARS-CoV-2 infection [51]. Cardiovascular
diagnostics is suggested for Long COVID patients [52].
Asthma is linked with cardiovascular disease, and indi-
viduals affected by conditions often face an elevated risk
of mortality [53]. Wolff et al. highlighted that pre-existing
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Table 6 Results of multivariate logistic regression analysis evaluating the relationship between ABPM, Holter ECG and
echocardiography parameters and PHQ-2 and GAD-2 scale scores
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Variable PHQ-2=3 points GAD-2=3 points
OR[95Cl] p OR[95Cl] p
ABPM Systolic 0.98[0.96, 1.01] 0.248 0.98 [0.96, 1.02] 0.239
diastolic 0.99 [O 97,1.03] 0.925 0[0.97,1.04] 0.979
24-h Holter ECG HR 1.02[1.01,1.05] 0.012 1.01 [O 99,1.03] 0.293
VES 0.99[0.99, 1.00] 0371 0.99[0.99,1.01] 0.176
Runs>3 0.74[0.14, 3/95] 0.733 1[0.21,643] 0.358
NSVT 0.98 [0.96, 1.02] 0.754 1[0.01,8,71] 0.491
SVES 0.990.98, 1.01] 0.501 0.99[0.98, 1.00] 0.778
Echocardiography Ao 0.94[0.88,1.01] 0.063 0.95[0.89, 1.00] 0.063
EF 0931086, 1.01] 0.106 0.98[0.91, 1.06] 0.633
TAPSE 1.04[0.95,1.13] 0.367 1.04[0.96,1.14] 0.321
Any contraction abnormalities 0.55[0.17,1.81] 0.329 0.73[0.22,2.31] 0.587

Abbreviations: OR- odds ratio; HE- heart rate; ECG, electrocardiogram; HR, heart rate; NSVT, nonsustained ventricular tachycardia; SVES, supraventricular
extrasystole; VES, ventricular extrasystole; ABPM - Ambulatory Blood Pressure Monitoring; Ao- Aorta diameter; EF - Ejection Fraction; TAPSE - Tricuspid annular
plane systolic excursion; Runs >3 number or episodes with more than 3 consecutive ventricular extrasystoles

asthma, as observed in a hospital-based population, ele-
vates the risk of Long COVID. Nonetheless, the authors
noted that the conclusion was drawn from low-certainty
evidence concerning population selection and the mea-
surement of exposure or outcomes. Lee et al. acknowl-
edged the increased likelihood of developing new-onset
asthma following a COVID-19 infection [54]. Dolby et
al. concluded that individuals with poorly controlled or
severe asthma faced a higher risk of hospitalization due
to COVID-19 compared to those without asthma. How-
ever, this association did not hold when examining mild
or well-controlled asthma [55]. Previously, we reported
that vaccination is ineffective in preventing Long COVID
[56], which aligns with literature data [57]. Although
mRNA vaccines can cause cardiovascular complications,
Akhtar et al. indicated the vaccination is generally cardio-
protective, with the rate of myopericarditis being lower
than after SARS-CoV-2 infection [58]. Paknahad et al.
concluded that the benefits of COVID-19 vaccination for
personal and public health outweigh the modest cardiac
risk, typically resolving within days or weeks [59]. The
mechanisms regarding the relationship between vaccina-
tion and long COVID are not known. Recent data suggest
that anti-idiotype antibodies mimic the virus, which arise
both after infection and after vaccination, could poten-
tially explain some of the long COVID-19 symptoms.
Hence, hypotheses have emerged suggesting that vacci-
nation through stimulation of the immune response may
affect long COVID symptoms [60]. This could explain
our data, where vaccinated patients were more likely to
have symptoms after surviving COVID-19. However,
as mentioned earlier, data evaluating the relationship
between vaccination and long COVID are inconclu-
sive. Part of the study shows that immunization reduces
the risk of developing complications of the disease, part
shows that it can exacerbate them, and part shows no

relationship. The reasons for such discrepancies may be
many, ranging from the lack of a uniform definition of
long COVID, the considerable ethnic diversity of the ana-
lyzed groups, and finally the lack of assessment of many
other factors that may affect the final results, such as the
clinical condition of the patient, the severity of the infec-
tion, the use of chronic drugs and medications during
the infection, or the type and number of doses of vacci-
nation administered. Nevertheless, Lam et al. indicated
that patients who completed their vaccination schedule
or received a booster dose had a reduced risk of adverse
health outcomes, including major cardiovascular dis-
eases and all-cause mortality, compared to unvaccinated
individuals or those with incomplete vaccination [61].
It is necessary to carry out further research with special
attention to the mechanisms underlying the long COVID
syndrome in order to unambiguously establish the rela-
tionship between vaccination and disease [62—64]. Inves-
tigating the influence of booster doses on Long COVID
symptoms is advised, especially in larger cohorts. Studies
should also assess the long-term impact of vaccination on
cardiovascular symptoms and mental health to clarify the
full spectrum of benefits and risks.

In particular, as mentioned earlier, the mechanisms
underlying long COVID are not fully understood. Cur-
rently, theories of the formation of long COVID mainly
focus on the immune response, the persistence of inflam-
mation or even the survival of the virus in the body [45,
65]. However, when it comes to the mechanisms leading
to the development of cardiovascular complications, one
theory is that the receptors for angiotensin-converting
enzyme 2 (ACE-2) may be crucial. Their high expression
in COVID-19 patients may lead to hyperactivation of
the renin-angiotensin-aldosterone axis, resulting in elec-
trolyte disturbances and dysregulation of fluid homeo-
stasis. This mechanism may underlie the development
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of hypertension and its subsequent sequelae, including
arrhythmias and the development of heart failure [66,
67]. Metabolic syndrome and obesity may also promote
cardiac changes in long COVID [68]. Future studies
could focus on investigating the bidirectional relationship
between mental health and cardiovascular symptoms
in Long COVID patients. Potential mechanisms link-
ing mental health and cardiovascular symptoms in Long
COVID may include chronic inflammation, autonomic
nervous system dysregulation, and endothelial dysfunc-
tion. Prolonged stress and anxiety can lead to elevated
cortisol levels, which may exacerbate hypertension and
arrhythmias. Additionally, shared pathways such as oxi-
dative stress and immune dysregulation could further
explain the interplay between these conditions, which is
critical for developing holistic and integrated treatment
strategies.

The lack of significant results in key cardiovascular
parameters between patients with and without cardiac
symptoms (cardio-LC vs. non-cardio-LC) noted in our
study may be due to two factors: (1) some of these com-
plications may be asymptomatic; (2) The complications
concern damage to the vascular endothelium and/or
myocytes of the cardiac muscle but in such a short time
this may not yet lead to statistically significant differences
in standard cardiovascular tests (ECHO, Holter ECG,
Holter RR). Some publications show that after a lon-
ger period of observation (1-2 years), patients with LC
develop, e.g., acute coronary syndromes [69]. Although
no differences were noted in the analysis of symptoms
common to cardio-LC and non-cardio-LC, the differ-
ences appear when we compare individual symptoms
associated with individual tests (heart palpitations, ven-
tricular arrhythmia). In addition, the symptoms that
we classify as cardio-LC may be common to other long
COVID complications, e.g., chronic fatigue syndrome
or pulmonary complications [69]. This indicates that a
patient with cardio-LC symptoms should be comprehen-
sively diagnosed by multi-specialist clinical teams. The
present study indicates that patients complaining about
heart palpitations had higher ejection fraction and more
ventricular extrasystoles but lower systolic and diastolic
blood pressure. Magnetic resonance-cardiopulmonary
exercise testing by Brown et al. revealed significantly
higher resting LVEF (left ventricular ejection fraction)
among post-COVID patients relative to healthy con-
trols [70]. Available data describe heart failure following
myocarditis in Long COVID as impaired LVEF, diastolic
dysfunction, and decreased right ventricle function [71].
Tamariz found that dysfunction of the left ventricle is
common among Long COVID patients [72]. Puntmann
et al. conducted cardiac assessments among COVID-
19 patients with no previous cardiac disease. At follow-
up (329 days after infection), 57% of participants had
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persistent cardiac symptoms. A significantly higher right
ventricular ejection fraction was noted [73]. Chlabicz et
al. acknowledged that the infection influenced the size of
all heart chambers and the root of the aorta [74]. Podrug
et al. outlined the predictors of the alterations in systemic
hemodynamic parameters and arterial stiffness [75]. Stu-
lova et al. examined cases of acute respiratory infections
and/or other viral diseases complicated by myocarditis,
indicating that 42.3% of patients exhibited recurrent and
complicated ventricular extrasystoles on resting electro-
cardiograms, with 89% of these individuals having fibrous
lesions in the pericardium [76]. Our previous research
indicated that cardiac arrhythmias (AF- atrial fibrilla-
tion, SVES— supraventricular extrasystoles, VES— ven-
tricular extrasystoles) observed on electrocardiograms
were independent predictors of myocardial dysfunction
following COVID-19 infection [34]. Cardiovascular dis-
ease as part of Long COVID was systematically reviewed
by Tsampasian and colleagues [24]. Ramos et al. dem-
onstrated that abnormal left ventricular global systolic
longitudinal strain (LV-GLS), a measure of LV systolic
function [77], is significantly associated with the occur-
rence of arrhythmias requiring intervention [78]. More-
over, Ingul et al. noted diastolic dysfunction occurring
twice as frequently in patients three months post-hospi-
talization for COVID-19 compared to matched controls;
cardiac arrhythmias were prevalent after hospitaliza-
tion, with premature ventricular beats detected in every
fifth patient [79]. It has been confirmed that COVID-19
patients with cardiac arrhythmia have a higher frequency
of comorbidities, including cardiovascular ones [80, 81].
Lastly, Wang et al. observed an elevated risk of atrial
fibrillation, myocarditis, ischemic heart disease, and
heart failure among COVID-19 survivors. These individ-
uals had a higher 12-month risk of developing inciden-
tal cardiovascular diseases compared to non-COVID-19
controls [82]. These findings support the need for contin-
ued cardiovascular surveillance in post-COVID patients,
particularly those with arrhythmias, to detect and man-
age any long-term complications.

Moreover, changes in the cardiovascular symptom
profile in COVID-19 patients, associated with the domi-
nance of a specific variant, have significant implications
for clinical practice. Before the Omicron variant, where
cardiovascular symptoms were more frequent and varied
(such as chest pain, shortness of breath, or arrhythmias),
patients required intensive monitoring for cardiovascu-
lar complications such as heart attacks, heart failure, or
stroke risk [34]. In this context, physicians had to imple-
ment detailed diagnostics and more frequent hospital-
izations, especially for those with comorbidities such as
hypertension, diabetes, or coronary artery disease [83].
In contrast, patients infected with Omicron exhibited a
milder course of the disease with fewer cardiovascular
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symptoms [84], which can be explained by a lower
inflammatory response and Omicron’s greater tropism
for the upper respiratory tract. Nevertheless, patients
with or without comorbidities should still undergo regu-
lar cardiological checks to detect potential later compli-
cations, such as long-term cardiovascular symptoms [46,
83]. Clinical practice should also include broad patient
education, informing them about potential cardiovas-
cular symptoms after COVID-19 infection, regardless of
the dominant variant, and emphasizing the importance
of early reporting of any concerning symptoms, which
allows for quicker response and appropriate therapy
adjustments [46].

Comparing cardio Long COVID patients with and
without cardiological symptoms, significant differ-
ences were found in the mean values of the PHQ-2 and
GAD-2 scales, as well as in the percentage of responses
indicating an increased risk of anxiety or depression. The
present study indicates that Long COVID patients with
cardiovascular symptoms are more commonly depressed
and anxious. This complements the Atchison et al. study,
where disparities in PHQ-2 scores were observed among
patients with ongoing persistent COVID-19 compared
to those with resolved short/persistent COVID-19 or
asymptomatic disease course. Adults with positive
PHQ-2 were notably more prone to experiencing persis-
tent symptoms [85]. As assessed by PHQ-2 and GAD-2,
Loftis and colleagues confirmed that COVID-19 severity
was associated with increased depression and, to a lesser
extent, anxiety [86]. Kim et al. certified that patients with
Long COVID had higher PHQ-9 and GAD-7 scores than
those without persistent symptoms [87]. Matsumoto and
others noted higher PHQ-9 and GAD-7 scores among
patients with post-COVID relative to non-infected par-
ticipants and individuals without post-COVID [88]. Klein
et al. indicated that GAD-7 and PHQ-2 were elevated in
individuals experiencing persistent symptoms following
acute infection compared to healthy controls and pre-
viously infected patients without persistent symptoms
[89]. Morrow et al. found that 28—60 days post-discharge,
COVID-19 patients exhibited higher PHQ-4 scores and
displayed evidence of cardio-renal involvement and acti-
vation of the hemostasis pathway [90]. Jimeno-Almazéin
et al. evaluated the impact of an 8-week supervised exer-
cise regimen compared to no intervention in individuals
with post-COVID-19 condition, revealing that patients
engaging in exercise showed improved depression symp-
toms [91]. The negative impact of Long COVID on men-
tal condition indices, such as anxiety and depression, is
consistent with a broader understanding of the quality-
of-life implications experienced by those affected [92].
Anxiety was confirmed as a risk factor for cardiovascular
disease [93], so it is no wonder that the clinical guidelines
on cardiovascular disease prevention by the European
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Society of Cardiology also refer to psychiatric and psy-
chosocial factors [94]. In research by Peng et al., it was
found that 60% of COVID-19 survivors experienced
mental distress even a year after discharge, with uncon-
trollable and excessive worry being among the most
prominent symptoms [95]. Mental health difficulties
have been reported in COVID-19 survivors, which may
involve physiological and psychological factors [96].

Long-term stress, depression, and anxiety in the course
of long COVID can significantly affect the cardiovascu-
lar health of patients [97, 98]. Disorders of the autonomic
nervous system, caused by both the direct impact of the
virus and chronic stress associated with the disease, can
lead to dysfunctions in the regulation of cardiovascular
functions, manifested by tachycardia, orthostatic hypo-
tension, or other cardiac problems [99, 100]. Understand-
ing these mechanisms is crucial to effectively support
patients, taking into account both physical and mental
aspects of their health.

Future studies should consider the clinical implications
of these cardiovascular findings, particularly in terms
of early detection of Long COVID. Comparing clinical
outcomes between hospitalized and non-hospitalized
patients could offer valuable insights for developing tar-
geted interventions. Exploring the role of genetic pre-
dispositions in the development of Long COVID-related
cardiovascular and mental health symptoms is needed.
Additionally, studies could investigate the efficacy of
non-pharmacological interventions, such as mindful-
ness-based therapies or exercise programs, in mitigating
cardiovascular symptoms and ensuring mental health.
The impact of social determinants such as socioeco-
nomic status and access to care warrants deeper investi-
gation. Finally, longitudinal studies are needed to assess
the long-term trajectories of mental and cardiovascular
health in Long COVID patients.

Limitations of the study

The authors are aware of the limitations of the present
study, which is undoubtedly the lack of assessing mark-
ers such as troponin to evaluate the degree of myocardial
damage. The lack of long-term follow-up and retrospec-
tive nature are other drawbacks, with the latter entail-
ing a risk of memory error that affects the reliability of
estimated symptoms’ frequency. The recruitment of
patients to the study may have encountered some errors
and limitations that could have affected the reliability of
the results. There may have been a selection of the sam-
ples, e.g., by limiting participants to a certain age group
or excluding people with other comorbidities (other
than those analyzed in the study). In addition, not all
patients had the GAD-2 and PHQ-2 psychometric ques-
tionnaires performed. It should also be noted that these
questionnaires are for screening purposes, so a clinical
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diagnosis is further required. In addition, some vari-
ables in multivariate regression analysis lack statistical
significance (Table 6). Similarly, the p-values for some
comorbidities (Table 1) are non-significant, which could
impact the strength of conclusions. ECHO parameters
(MASPE, STRAIN) were not evaluated. We did not ana-
lyze other chronic conditions that could have affected
the final results. Moreover, pulmonary pathologies may
have caused some symptoms such as fatigue or shortness
of breath. Medications used during the acute phase of
COVID-19, such as remdesivir, paxlovid, or corticoste-
roids, were not evaluated but could affect cardiac symp-
toms. Our research did not include data on booster doses
against COVID-19, which may influence the interpreta-
tion of symptom persistence and cardiovascular out-
comes, especially since we noticed more frequent cardiac
symptoms among vaccinated individuals while vaccina-
tion is overall cardioprotective. The analyzed group is not
representative of those who have undergone COVID-19
since patients volunteered for the above registry. Ulti-
mately, there was a lack of knowledge about cardiac
problems before COVID-19. In addition, the study is also
limited by the lack of more data on echocardiography
and laboratory tests such as troponin. Another limitation
is the lack of data on hospitalizations between COVID-
19 and the follow-up visit. However, to reduce the likeli-
hood, only patients without prior cardiac diagnoses were
included in the final analysis.

Conclusion

People with palpitations had more excessive ventricu-
lar extrasystoles than patients without these symptoms.
Moreover, individuals with persistent cardiac symptoms
after COVID-19 have a much worse mental condition.
Patients with long COVID require a comprehensive
approach that takes into account both cardiac problems
and the mental health of patients. Physicians should reg-
ularly monitor cardiac symptoms, such as palpitations
and excessive ventricular contractions, by ordering addi-
tional diagnostic tests (ECG, Holter). In addition, due to
the high frequency of mental disorders among patients
with long COVID, it is also necessary to assess the men-
tal state, including depression and anxiety. A holistic
approach to treatment, combining cardiology, psycho-
logical and rehabilitation care, is crucial to improving the
quality of life of patients. Long COVID is still not fully
understood and further prospective studies with longer
follow-up are necessary to understand the pathomecha-
nisms and therapeutic options.
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