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cardiovascular disease (ASCVD). This may be 
the result of complications due to the SARS ‑CoV ‑2 
infection itself,1 adverse lifestyle changes during 
the lockdowns and quarantine periods,2-5 and 
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INTROduCTION The COVID ‑19 pandemic brought about cardiac complications and unfavorable lifestyle 
changes that may increase cardiovascular risk.
ObjECTIvEs Our aim was to establish the cardiac status of convalescents several months after COVID ‑19, 
and the 10 ‑year risk of fatal and nonfatal atherosclerotic cardiovascular disease (ASCVD) events, accord‑
ing to the Systemic Coronary Risk Estimation ‑2 (SCORE2) and SCORE2 ‑Older Persons (OP) algorithms.
PATIENTs ANd mEThOds The study included 553 convalescents (mean [SD] age, 63.5 [10.26] years; 
316 [57.1%] women), hospitalized at the Cardiac Rehabilitation Department, Ustroń Health Resort, Po‑
land. The history of cardiac complications, exercise capacity, blood pressure control, echocardiography, 
24 ‑hour Holter electrocardiogram recording, and laboratory workup were assessed.
REsuLTs A total of 20.7% of men and 17.7% of women (P = 0.38) had cardiac complications during 
acute COVID ‑19, most often heart failure (10.7%), pulmonary embolism (3.7%), and supraventricular 
arrhythmias (6.3%). On average, 4 months after COVID ‑19 diagnosis, echocardiographic abnormalities 
were found in 16.7% of men and 9.7% of women (P = 0.1), and benign arrhythmias in 45.3% of men 
and 44% of women (P = 0.84). Preexisting ASCVD was reported in 21.8% of men and 6.1% of women 
(P <0.001). The median risk assessed by SCORE2/SCORE2 ‑OP algorithms in apparently healthy people 
was high for the participants aged 40–49 years (3%; interquartile range [IQR], 2%–4%) and 50–69 years 
(8%; IQR, 5.3%–10%), and very high (20%; IQR, 15.5%–37%) for the participants aged 70 years and above. 
The SCORE2 risk in men aged over 70 years was higher than in women (P <0.001).
CONCLusIONs Data collected in the convalescents indicate a relatively small number of cardiac problems 
that could be associated with a history of COVID ‑19 in either sex, and a high risk of ASCVD, especially 
in men.
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A contact of COVID ‑19 convalescents with health 
care professionals gives the latter an opportuni‑
ty to assess and correct ASCVD risk factors and 
improve the long ‑term prognosis.

The first aim of the study was to evaluate 
the cardiac status and the frequency of cardi‑
ac problems that could be associated with a his‑
tory of COVID ‑19 several months after recov‑
ery in both sexes. The second aim was to as‑
sess ASCVD risk and establish the 10 ‑year risk 
of fatal and nonfatal ASCVD events, according 
to the SCORE2 and SCORE2 ‑OP algorithms, in 
the Polish COVID ‑19 convalescents.

PATIENTs ANd mEThOds The study group con‑
sisted of COVID ‑19 convalescents aged at least 
18 years, who participated in the inpatient car‑
diopulmonary rehabilitation at the Cardiac Reha‑
bilitation Department of the Ustroń Health Re‑
sort, Poland, up to 12 months after COVID ‑19 
diagnosis. The diagnosis of COVID ‑19 was based 
on reverse transcription polymerase chain reac‑
tion testing or qualitative assessment of the pres‑
ence of SARS ‑CoV ‑2 antigen in nasopharyngeal 
swabs.17 Our analysis included all consecutive pa‑
tients who completed the National Health Fund 
(NHF) cardiac rehabilitation (CR) program af‑
ter COVID ‑19 from May 2021 (program imple‑
mentation date in the Ustroń Health Resort) un‑
til the end of April 2022. The patients were ad‑
mitted to the Ustroń Health Resort on schedule, 
from home, based on a referral from their fami‑
ly doctor. Eligibility criteria for the hospitaliza‑
tion and CR were fully consistent with the recom‑
mendations of the NHF.18 They included: 1) com‑
plications of symptomatic SARS ‑CoV ‑2 infection 
in the respiratory, CV, nervous, or musculoskel‑
etal system, or 2) decrease in muscle strength as 
assessed by the Medical Research Council (MRC) 
scale, or 3) persistent dyspnea with an intensity 
of 2–3 on the modified MRC (mMRC) dyspnea 
scale. Five patients who did not complete their 
hospital stay were excluded.

We retrospectively assessed the routinely avail‑
able medical data listed below.
1 The medical history of CVDs, comorbidities, 
and treatment applied before COVID ‑19.
2 The course of COVID ‑19 and cardiac compli‑
cations based on the medical history and diag‑
noses from hospitalization records from acute 
COVID ‑19 phase (if hospitalized). Based on these 
data, the severity of COVID ‑19 was determined as 
stages 1 to 4 (mild, moderate, severe, and critical, 
respectively), following the guidelines of the Pol‑
ish Society of Epidemiologists and Infectiolo‑
gists,17 and briefly characterized in TAbLE 1.
3 The cardiac symptoms present during conva‑
lescence based on medical history questionnaires.
4 The severity of dyspnea during daily activity 
on the 4 ‑point mMRC dyspnea scale.19

5 The exercise capacity, measured as a dis‑
tance in the 6 ‑minute walk test (6MWT), in re‑
lation to the predicted distance calculated ac‑
cording to the formula: for men, 6MWT distance 

limitations in the preventive, diagnostic, and ther‑
apeutic procedures due to changes in the organi‑
zation of health care.6,7

COVID ‑19, both in the acute phasease and dur‑
ing recovery, is associated with an increased CV 
risk, including acute coronary events, pericardi‑
tis, myocarditis, arrhythmias, heart failure (HF), 
and pulmonary embolism (PE).1,8-12 Up to 80% 
of COVID ‑19 convalescents experience worsen‑
ing of exercise capacity, dyspnea, and chronic 
fatigue related to long COVID ‑19 syndrome.13 
Moreover, due to endothelial / glycocalyx dam‑
age and thrombus formation, SARS ‑CoV ‑2 infec‑
tion can also accelerate the development of ath‑
erosclerosis and increase the risk of subsequent 
ASCVD events.14,15

However, the  effects of the  pandem‑
ic on the population health are not limited to 
the SARS ‑CoV ‑2 infection. The restrictive epide‑
miologic limitations and reorganization of health 
care contributed to a decline in the availability 
of outpatient and inpatient treatment, a reduc‑
tion in the effectiveness of primary and second‑
ary prevention of CV diseases, and an increase in 
CV mortality.6,7 In addition, epidemiologic studies 
conducted on the Polish population indicated lim‑
ited physical activity in 43% of people,4 increased 
food and snacks consumption in 34%–43% and 
52% of people,4,5 respectively, and weight gain in 
30% of the respondents,5 which was secondary 
to the isolation during the pandemic. Similar ef‑
fects of isolation on health ‑related behaviors were 
found worldwide.2 These changes might translate 
into an increase in blood pressure (BP) and de‑
terioration of the fat and carbohydrate balance, 
thus enhancing the populational risk of ASCVD.4

The  Systemic Coronary Risk Estimation 2 
(SCORE2) and the Systematic Coronary Risk Es‑
timation 2 ‑Older Persons (SCORE2 ‑OP) algo‑
rithms help estimate an individual 10 ‑year risk 
of CV disease (CVD) mortality and morbidity (fa‑
tal and nonfatal myocardial infarction [MI] and 
stroke) in apparently healthy people over 40 years 
old, with untreated or stable ASCVD risk factors.16 

whAT’s NEw?

The COVID ‑19 pandemic brought about cardiac complications, unfavorable 
lifestyle changes during the lockdowns, and limitations in preventive, diagnostic, 
and therapeutic procedures. We assessed the history of cardiac complications, 
exercise capacity, blood pressure control, echocardiography, 24 ‑hour Holter 
electrocardiogram recording, and laboratory workup (cholesterol, fasting 
glucose, creatinine) of the convalescent group at an average of 4 months 
postinfection. In addition, we estimated the 10 ‑year risk of fatal and nonfatal 
atherosclerotic cardiovascular disease events (ie, myocardial infarction and 
stroke) according to the Systemic Coronary Risk Estimation 2 algorithm. 
The data collected after several months of recovery indicate a relatively small 
number of cardiac problems that could be associated with a history of COVID ‑19 
in both sexes, and a high underlying risk of atherosclerosis ‑related diseases, 
especially in men. Therefore, medical evaluation of COVID ‑19 convalescents 
should also include an assessment and correction of atherosclerosis risk factors.
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ratio and change in the mitral E velocity and the 
E/A ratio during the Valsalva maneuver, left atri‑
al surface area, and the continuous wave Dop‑
pler tricuspid regurgitation systolic jet velocity;
c right ventricular (RV) basal dimension, 
proximal RV outflow diameter, and tricuspid 
annular longitudinal excursion in M ‑mode;
d systolic pulmonary artery pressure and 
the risk of pulmonary hypertension estimat‑
ed based on the continuous wave Doppler tri‑
cuspid regurgitation systolic jet velocity, the in‑
ferior vena cava size and collapsibility, pulmo‑
nary velocity acceleration time, and right atri‑
al surface area;
e the presence of pericardial effusion of 
at least 5 mm.

2 Twenty ‑four ‑hour electrocardiogram 
(24h ‑ECG) Holter recording conducted as per 
the 2017 International Society for Holter and 
Non ‑Invasive Electrocardiology and Heart 
Rhythm Society expert consensus statement on 
ambulatory ECG and external cardiac monitor‑
ing / telemetry25 with the assessment of:

a the average, maximum, and minimum 
heart rate (HR);
b the number, type, and complexity of con‑
duction disturbances;
c the  number, type, and complexity of 
arrhythmias.

3 Laboratory blood tests:
a total cholesterol (TC), high ‑density li‑
poprotein cholesterol (HDL ‑C), low ‑density 

[m] = (7.57 × height [cm])−(5.02 × age [years])−
(1.76 × weight [kg])−309; for women, 6MWT dis‑
tance [m] = (2.11 × height [cm])−(2.29 × weight 
[kg])−(5.78 × age [years])+667.20

6 The exercise tolerance with the assessment 
of fatigue and dyspnea during the 6MWT on 
the 10 ‑point Borg scale.21

7 The  arterial oxygen saturation (SpO2), 
measured by pulse oximetry at rest and after 
the 6MWT.
8 The systolic blood pressure (SBP) and diastol‑
ic blood pressure (DBP) in a series of measure‑
ments. Hypertension was defined as SBP equal to 
or above 140 mm Hg and DBP equal to or above 
90 mm Hg, or the use of antihypertensive drugs.

In the patients who gave their written consent 
to additional examinations, a comprehensive car‑
diologic assessment was performed, and the col‑
lected laboratory data are listed below.
1 Transthoracic 2 ‑dimensional echocardiog‑
raphy (TTE) using a ClearVue 550 ultrasound 
device (Koninklijke Philips N.V, Eindhoven, the 
Netherlands), following the recommendations of 
the American Society of Echocardiography and 
the European Association of Cardiovascular Im‑
aging22-24 with the assessment of:

a left ventricular (LV) end ‑diastolic volume 
index, LV end ‑systolic volume index, and LV 
ejection fraction by the biplane disk summa‑
tion method;
b LV diastolic function based on the mitral 
peak E ‑wave and A ‑wave velocities, mitral E/A 

TAbLE 1 Severity of the acute phase of COVID ‑19

Variable All

(n = 542)

Men

(n = 232)

Women

(n = 310)

P value

Acute phase severity

Stage 1 (asymptomatic or mildly symptomatic, SpO2 ≥94% 
on room air)

262 (48.3) 97 (41.8) 165 (53.2) <0.001

Stage 2 (fully symptomatic, SpO2 90%–94% on room air) 172 (31.7) 76 (32.8) 96 (31) 0.13

Home oxygen therapy 51 (9.4) 27 (11.6) 24 (7.7) 0.12

Stage 3 (respiratory failure, SpO2 <90% on room 
air / involvement ≥50% of the lung on CT / pulmonary 
embolism)

86 (15.9) 47 (20.3) 39 (12.6) 0.39

HFNO/NIV 58 (10.7) 28 (12.1) 30 (9.7) 0.37

Stage 4 (acute respiratory distress syndrome / septic 
shock / multiorgan failure / intensive care unit treatment)

22 (4.1) 12 (5.2) 10 (3.2) 0.67

Invasive ventilation 16 (3) 9 (3.9) 7 (2.3) 0.27

Cardiac complications during the acute phase of the disease

Acute HF / exacerbation of chronic HF 58 (10.7) 32 (13.8) 26 (8.4) 0.04

Pulmonary embolism 20 (3.7) 9 (3.9) 11 (3.5) 0.84

Myocarditis 2 (0.4) 0 2 (0.4) 0.22

Acute coronary syndrome / cardiogenic shock 1 (0.2) 1 (0.2) 0 0.25

Ventricular arrhythmia 1 (0.2) 1 (0.2) 0 0.39

Supraventricular arrhythmia / AF 34 (6.3) 10 (4.3) 24 (7.7) 0.1

Pericardial effusion 10 (1.8) 4 (1.7) 6 (1.9) 0.86

Data are presented as number (percentage).

Abbreviations: AF, atrial fibrillation; CT, computed tomography; HF, heart failure; HFNO, high ‑flow nasal oxygen therapy; 
NIV, noninvasive ventilation
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time from COVID ‑19 diagnosis to the study en‑
rollment was 23.1 weeks (IQR, 16.25–29).

In the acute phase of the disease, 237 patients 
(43.7%) required hospitalization; of those 86 
(15.9% of all study patients) had severe COVID ‑19 
(stage 3) with hypoxemic respiratory failure, and 
22 (4.1% of all study patients) required intensive 
care unit treatment (stage 4) (TAbLE 1). The re‑
maining patients had mild to moderate infec‑
tion (stage 1 or 2). The percentage of participants 
who had asymptomatic or mildly symptomatic 
COVID ‑19 (stage 1) was higher in women than 
in men (P <0.001). A total of 105 convalescents 
(19%) had acute cardiac complications; the most 
commonly diagnosed were HF exacerbation, su‑
praventricular arrhythmias, and PE (TAbLE 1). Only 
in the case of HF the percentage of men and wom‑
en differed and was higher in men (P = 0.04).

On average 4 months after being diagnosed 
with COVID ‑19, most convalescents continued 
to experience symptoms that adversely affect‑
ed their quality of life and exercise capacity, in‑
cluding symptoms that could suggest significant 
cardiac problems, such as dyspnea, chest pain, 
palpitations, or insufficient BP control (TAbLE 2). 
The baseline exercise capacity of the convalescents 
was reduced to 74% (66.9%–80.6%) of the pre‑
dicted value in men and 80.5% (69.1%–90.5%) 
in women (P <0.001); however, SpO2 at rest and 
postexercise remained within the normal range 
(TAbLE 2). Of the examined convalescents, 295 
(53.3%) were diagnosed with hypertension, in‑
cluding 146 men (61.6%) and 149 women (47.2%) 
(P <0.001) (TAbLE 3). Of those, 85 (15.4%) had 
grade 2 or 3 hypertension and required urgent 
modification of pharmacotherapy.

TTE was performed in 252 patients. In 18 men 
(16.7%) and 14 women (9.7%) (P = 0.1), it re‑
vealed at least 1 abnormality that could result 
from post–COVID ‑19 complications, such as myo‑
carditis, pericarditis, acute coronary syndrome, 
unstable BP, or PE. The detected abnormalities 
included: impaired LV systolic function in 12 pa‑
tients (4.8%), impaired RV systolic function in 
3 patients (1.2%), grade 2 LV diastolic dysfunc‑
tion in 5 patients (2%), and moderately increased 
systolic pulmonary artery pressure in 11 patients 
(4.4%) (TAbLE 4). The proportion of patients with 
left or right ventricular dysfunction was high‑
er in men than in women (P = 0.02 and 0.04, 
respectively).

Of 247 patients with a 24h ‑ECG, 110 (44.5%) 
showed at least 1 non–life ‑threatening abnormal‑
ity, most often an increased number of prema‑
ture ventricular or supraventricular contractions 
(TAbLE 5). Arrhythmias occurred with a similar fre‑
quency in both sexes, except for episodes of non‑
sustained ventricular tachycardia (NSVT), which 
occurred only in men (P = 0.006). The NSVT oc‑
curred more often in the participants with LVEF 
below 50% than in the others (3 patients [25%] vs 
3 patients [1.3%], respectively; P <0.001). Five out 
of 6 patients with NSVT (83.3%) had a prior diag‑
nosis of coronary artery disease (CAD) (P <0.001).

lipoprotein cholesterol (LDL ‑C), and triglycer‑
ides by the direct method; non–HDL ‑C calcu‑
lated as follows: TC – HDL ‑C = non–HDL ‑C.17 
Hypercholesterolemia was diagnosed when 
the TC was at least 190 mg/dl or more, LDL ‑C 
was at least 115 mg/dl, or the participant was 
on lipid ‑lowering medications.26-28

b Fasting blood glucose. Impaired fasting gly‑
cemia was defined as a fasting plasma glucose 
concentration between 100 and 125 mg/dl.29

c Serum creatinine concentration and creat‑
inine clearance (CrCl) were calculated accord‑
ing to the Cockcroft–Gault formula.30

d Plasma D ‑dimer concentration. The cutoff 
values for D ‑dimer were adjusted for age and 
assumed as normal if they were below 0.5 mg/l 
for people younger than 50 years, and nor‑
mal below (age × 0.01) mg/l for people aged 50 
years and older.31

4 The individual risk of ASCVD events was 
evaluated using the SCORE2 and SCORE2 ‑OP 
algorithms in apparently healthy participants, 
that is those without preexisting ASCVD, diabe‑
tes, or chronic kidney disease with CrCl below 
45 ml/min.16 The 10 ‑year risk of fatal and nonfa‑
tal CV events, such as MI or stroke, in the partic‑
ipants aged 40–69 years was assessed according 
to the SCORE2 algorithm. The SCORE2 ‑OP algo‑
rithm was used to estimate this risk for the par‑
ticipants aged 70 years and older. In both al‑
gorithms, age, sex, smoking status, SBP, and 
non–HDL ‑C were considered.

statistical analysis The results were analyzed 
using MedCalc software version 20.106 (Med‑
Calc Software Ltd. Ostend, Belgium). The val‑
ues of quantitative parameters were character‑
ized using the arithmetic mean and SD or me‑
dian and interquartile range (IQR), depending 
on the normality of the distribution assessed 
with the Kolmogorov–Smirnov test. Qualita‑
tive data were described using the percent‑
age of cases. The results obtained for the age 
groups (44–49 vs 50–69 vs 70 years and older) 
and for the men vs women groups were com‑
pared using 1) the t test for independent vari‑
ables with or without the Welch adjustment or 
the Mann–Whitney test; 2) one ‑way analysis 
of variance with the Tukey–Kramer post hoc 
test, or the Kruskal–Wallis test with the Conover 
post hoc test; or 3) the χ2 test or the Fisher ex‑
act test, as required. In the tests, the P value 
below 0.05 was adopted as the limit of statisti‑
cal significance.

Ethical considerations The study was approved by 
the Bioethical Committee of the Medical Universi‑
ty of Silesia in Katowice, Poland (PCN/CBN/0022/
KB1/68/21 of May 15, 2021, and PCN/CBN/0052/
KB1/68/I/21/22 of March 29, 2022).

REsuLTs The study enrolled 553 consecutive pa‑
tients, at the mean (SD) age of 63.5 (10.26) years, 
of whom 316 (57.1%) were women. The median 
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12 patients (5.2%). The non–HDL ‑C level above 
150 mg/dl was found in 64.6% of men and 59.1% 
of women (P = 0.39). Impaired fasting glyce‑
mia was found in 13 men (18.1%) and 6 wom‑
en (5.7%) without previously diagnosed diabe‑
tes (P = 0.009). Increased values of D ‑dimers 
were found in 32 men (34.4%) and 52 women 
(40.9%) (P = 0.33); including 5 patients (50%)  

The results of laboratory workup are shown 
in TAbLE 6. Hypercholesterolemia was diagnosed 
in 72 men (72.7%) and 103 women (78.6%)  
(P = 0.21). Of 231 patients, non–HDL ‑C lev‑
el below 150 mg/dl was found in 89 patients 
(38.5%), between 150 and 199 mg/dl in 87 pa‑
tients (37.7%), between 200 and 249 mg/dl in 
43 patients (18.6%), and 250 mg/dl or higher in 

TAbLE 2 Cardiac symptoms of post ‑COVID / long COVID ‑19 syndrome and cardiac parameters during convalescence 
at an average of 4 months after COVID ‑19

Variable All

(n = 542)

Men

(n = 232)

Women

(n = 310)

P value

Cardiac symptoms of post ‑COVID / long COVID syndrome

Weakness / fatigue 540 (99.6) 231 (99.6) 309 (99.7) 0.84

Exercise dyspnea 533 (98.3) 229 (98.7) 304 (98.1) 0.56

Chronic cough 56 (10.3) 21 (9.1) 35 (11.3) 0.4

Chest pain 33 (6.1) 14 (6) 19 (6.1) 0.96

Palpitations / tachycardia 75 (13.8) 17 (7.3) 58 (18.7) <0.001

Increased blood pressure 20 (3.7) 3 (1.3) 17 (5.5) 0.01

Cardiac parameters

Dyspnea (mMRC scale) 2 (2–2) 2 (2–2) 2 (2–2) 0.33

Degree of fatigue (Borg scale) 5 (3–6) 5 (3–5) 5 (4–6) <0.001

Degree of dyspnea (Borg scale) 4 (1–5) 3 (0–5) 4 (1–6) 0.03

6MWT distance, m 390 (330–420) 405 (360–450) 360 (310–420) <0.001

6MWT, %pred 76.9 (67.6–86.4) 74 (66.9–80.6) 80.5 (69.1–90.5) <0.001

SpO2 at rest, %, mean (SD) 96.71 (1.23) 96.72 (1.17) 96.70 (1.27) 0.83

SpO2 post ‑exercise, %, mean (SD) 97.34 (0.85) 97.31 (0.78) 97.37 (0.89) 0.43

Data are presented as number (percentage) or median (interquartile range) unless indicated otherwise.

Abbreviations: mMRC, modified Medical Research Council dyspnea scale; 6MWT, the 6 ‑minute walk test; %pred, 
percentage of predicted value

TAbLE 3 Blood pressure control and hypertension grades during convalescence at an average of 4 months after 
COVID ‑19

Blood pressure control with hypertension 
grades

All

(n = 553)

Men

(n = 237)

Women

(n = 316)

P value

SBP at rest, mm Hg 132 (119–147) 138 (124–149) 129 (118–142) 0.003

DBP at rest, mm Hg 80 (74–86) 83 (75–90) 78 (72–82) <0.001

SBP postexercise, mm Hg 133 (121–148) 137 (127–150) 131 (118–135) 0.008

DBP postexercise, mm Hg 79 (83–87) 83 (74–90) 76.5 (70–82) <0.001

Optimal BP (SBP <120 mm Hg and 
DBP <80 mm Hg)

61 (11) 16 (6.8) 45 (14.2) <0.001

Normal BP (SBP 120–129 mm Hg or DBP 
80–84 mm Hg)

132 (23.9) 53 (22.4) 79 (25) 0.02

High normal BP (SBP 130–139 mm Hg or 
DBP 85–89 mm Hg)

65 (11.8) 22 (9.3) 43 (13.6) 0.009

Grade 1 HA (SBP 140–159 mm Hg or DBP 
90–99 mm Hg)

159 (28.8) 87 (36.7) 72 (22.8) 0.23

Grade 2 HA (SBP 160–179 mm Hg or DBP 
100–109 mm Hg)

75 (13.6) 35 (14.8) 40 (12.7) 0.56

Grade 3 HA (SBP ≥180 mm Hg or 
DBP ≥110 mm Hg)

10 (1.8) 6 (2.5) 4 (1.3) 0.53

Isolated systolic HA (SBP ≥140 mm Hg and 
DBP <90 mm Hg)

51 (9.2) 18 (7.6) 33 (10.4) 0.04

Data are presented as number (percentage) or median (interquartile range).

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; HA, hypertension; SBP, systolic blood pressure
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and nonfatal atherosclerotic CV events (TAbLE 8). 
Of those, 89 (38.2%) had high, and 31 (13.3%) 
very high ASCVD risk, and these were more of‑
ten men (P <0.001). The median risk assessed 
with the SCORE2/SCORE2 ‑OP algorithms in 
apparently healthy people was high for the par‑
ticipants aged 40–49 years (3%; IQR, 2%–4%) 
and 50–69 years (8%; IQR, 5.3%–10%), and very 
high (20%; IQR, 15.5%–37%) for the participants 
aged 70 years and more (TAbLE 8). The SCORE2 risk 
in the participants below the age of 70 was high‑
er in men than in women (P <0.001).

dIsCussION The present study assessed the car‑
diac status and the risk of cardiac problems that 
could be associated with a history of COVID ‑19 

with an increased risk of pulmonary hyperten‑
sion assessed on TTE.

Of 553 patients included in the study, 22 men 
(21.8%) and 8 women (6.1%) (P <0.001) had a his‑
tory of ASCVD; approximately half had comor‑
bidities increasing the risk of atherosclerosis, 
such as diabetes, chronic kidney disease, hyper‑
cholesterolemia, and obesity (TAbLE 7). Current 
smokers accounted for 10.3% (24 participants) 
of those with known smoking status, but up to 
25.8% of individuals aged 40–50 years. The his‑
tory of smoking was more common in men than 
in women (P <0.001).

In 233 apparently healthy (in terms of ASCVD) 
participants aged 40 years or older, the obtained 
data allowed for assessing the 10 ‑year risk of fatal 

TAbLE 4 Echocardiographic parameters during convalescence at an average of 4 months after COVID ‑19

Echocardiographic parameters All

(n = 252)

Men

(n =108)

Women

(n = 144)

P value

LVEDVi, ml/m2 65.78  
(13.88)

72.2 
(15.66)

60.88 
(9.91)

<0.001

LVESVi, ml/m2 28.04  
(9.15)

32.06 
(11.17)

24.98 
(5.59)

<0.001

LVEF, % 57.45  
(6.01)

56.01 
(6.77)

58.53 
(5.23)

0.001

LA area, cm2 19.6  
(3.87)

21.45 
(4.29)

18.22 
(2.83)

<0.001

Patients with LV systolic dysfunction HFmrEF 9 (3.6) 6 (5.7) 3 (2.1) 0.13

HFrEF 3 (1.2) 3 (2.8) 0 0.04

Patients with LV diastolic dysfunction Grade 1 83 (33.6) 50 (47.2) 33 (23.4) <0.001

Grade 2 5 (2) 4 (3.8) 1 (0.7)

Grade 3 0 0 0

RVD1, mm 37.28  
(4.4)

40.25 
(3.42)

35.06 
(3.69)

<0.001

RVOT prox, mm 27.72  
(4.32)

30.06  
(4.5)

25.97 
(3.21)

<0.001

RA area, cm2 15.64  
(3.3)

17.27 
(3.24)

14.45 
(2.81)

<0.001

TAPSE, mm 23.79  
(4.24)

23.69 
(4.69)

23.85 
(3.88)

0.77

Patients with RV systolic dysfunction (TAPSE <16 mm) 3 (1.2) 3 (2.8) 0 0.04

TR Vmax, m/s 1.88 
(0.29)

1.8 
(0.28)

1.93 
(0.29)

0.02

TRPG, mm Hg 14.64  
(4.63)

13.62 
(4.45)

15.24 
(4.66)

0.049

SPAP, mm Hg 17.78  
(4.88)

16.77 
(4.75)

18.36 
(4.89)

0.07

AcT, ms 126.47 
(26.29)

122.4 
(25.30)

129.49 
(26.68)

0.03

Patients at risk of pulmonary 
hypertension

Low 241 (95.6) 102 (94.4) 139 (96.5) 0.42

Intermediate 11 (4.4) 6 (5.6) 5 (3.5)

High 0 0 0

Patients with pericardial effusion 4 (1.9) 1 (1.1) 3 (2.4) 0.49

Data are presented as mean (SD) or number (percentage).

Abbreviations: AcT, pulmonary velocity acceleration time; HFmrEF, heart failure with mid ‑range ejection fraction; HFrEF, 
heart failure with reduced ejection fraction; LA, left atrium; LV, left ventricle; LVEDVi, left ventricular end ‑diastolic 
volume index; LVEF, left ventricular ejection fraction; LVESVi, left ventricular end ‑systolic volume index; RA, right 
atrium; RVD1, basal right ventricular linear dimension; RVOT prox, proximal right ventricular outflow diameter; SPAP, 
systolic pulmonary artery pressure; TAPSE, tricuspid annular longitudinal excursion by M ‑mode; TRPG, peak systolic 
tricuspid pressure gradient; TR Vmax, tricuspid regurgitation systolic jet velocity
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of the patients, with a similar frequency in men 
and women. Additionally, in 44.5% of the con‑
valescents of both sexes, non–life ‑threatening 
arrhythmias were recorded on 24h ‑ECG, most 
often an increased number of premature ven‑
tricular or supraventricular contractions. 
The study evaluated the underlying ASCVD risk 
in the COVID ‑19 convalescents and calculated 
the 10 ‑year risk of fatal and nonfatal ASCVD ac‑
cording to the SCORE2/SCORE2 ‑OP algorithms. 
Of the respondents, 21.8% of men and 6.1% of 
women had a history of ASCVD (equivalent to 

at an average time of 4 months after recovery, 
taking into account sex differences. Altogether, 
19% of the patients had a history of CV compli‑
cations related to the acute phase of COVID ‑19, 
most often HF (10.7%, more often in men), PE 
(3.7%), and supraventricular arrhythmias (6.3%). 
After several months, over 90% of the convales‑
cents continued to have dyspnea and reduced ex‑
ercise tolerance. However, their resting and ex‑
ercise SpO2 was normal, and some echocardio‑
graphic abnormalities that could result from com‑
plications of COVID ‑19 were found in only 12.7% 

TAbLE 5 24 ‑hour Holter electrocardiography parameters during convalescence at an average of 4 months after 
COVID ‑19

24 ‑hour Holter ECG parameters All

(n = 247)

Men

(n = 106)

Women

(n = 141)

P value

Average HR, bpm 73.55 (8.8) 73.58 (9.4) 73.52 (8.34) 0.95

HR <40 bpm at night Patients 10 (4) 7 (6.6) 3 (2.1) 0.1

Events 3.5 (2–5) 0 0 0.14

HR <50 bpm during the day Patients 65 (26.3) 27 (25.5) 38 (27) 0.79

Events 2 (1–5) 0 0 0.86

2nd degree AV block Mobitz 1 Patients 0 0 0 –

2nd degree AV block Mobitz 2 Patients 3 (1.2) 2 (1.9) 1 (0.7) 0.58

Events 1 (1–1) 2 (2–2) 2 (2–2) 0.41

3rd degree AV block Patients 0 0 0 –

Premature supraventricular 
beats (>200/day)

Patients 37 (15) 13 (12.3) 24 (17) 0.3

Events 390  
(272.5–654)

578  
(271.8–1250.3)

350 
(272.5–537)

0.24

AF Patients 8 (3.2) 2 (1.9) 6 (4.3) 0.3

Premature ventricular beats 
(>100/day)

Patients 37 (15) 20 (18.9) 17 (12.1) 0.14

Events 533  
(235–1205.3)

565.5  
(278.5–1562.5)

430  
(221.3–970.5)

0.48

Ventricular tachycardia Nonsustained 6 (2.4) 6 (5.7) 0 0.006

Sustained 0 0 0 –

Data are presented as median (interquartile range) or number (percentage).

Abbreviations: AV block, atrioventricular block; ECG, electrocardiogram; HR, heart rate; others, see TAbLE 1

TAbLE 6 Laboratory parameters during convalescence at an average of 4 months after COVID ‑19

Laboratory parameter All

(n = 231)

Men

(n = 99)

Women

(n = 132)

P value

Total cholesterol, mg/dl 225 (188.35–276.2) 219.6 (183.5–255.2) 235.9 (197.35–280.65) 0.02

HDL ‑C, mg/dl 64.1 (48.78–84.43) 53.6 (41.03–69.95) 70.45 (57.5–91.4) <0.001

LDL ‑C, mg/dl 139.55 (115.8–170.9) 129.8 (111.78–158.48) 146.4 (119.45–171.08) 0.03

Triglycerides, mg/dl 165.5 (122.83–224.93) 184.4 (121.25–270.38) 155.5 (123.7–205) 0.06

Non–HDL ‑C, mg/dl 164.2 (130.53–195.25) 164.3 (135.38–191.55) 162.05 (128.35–202.4) 0.93

Fasting glucose, mg/dl 88.05 (80.4–97.1) 90.4 (81.6–100.2) 85.3 (78.95–94.05) 0.006

Creatinine, mg/dl 0.93 (0.85–1.02) 0.98 (0.92–1.13) 0.88 (0.82–0.95) <0.001

CrCl, ml/min 90.63 (73.1–108.04) 101.33 (85.41–119.08) 81.66 (68.71–98.29) <0.001

D ‑Dimer, mg/l 0.45 (0.27–0.81) 0.39 (0.25–0.77) 0.5 (0.31–0.83) 0.052

Data are presented as median (interquartile range).

SI conversion factors: to convert total cholesterol, HDL ‑C, and LDL ‑C to mmol/l, multiply by 0.0259; triglycerides 
to mmol/l, by 0.0113; glucose to mmol/l, by 0.055; serum creatinine to µmol/l, by 88.4.

Abbreviations: CrCl, creatinine clearance; HDL ‑C, high ‑density lipoprotein cholesterol; LDL ‑C, low ‑density lipoprotein 
cholesterol
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diabetic patients vs 1.4% for patients with no co‑
morbid conditions).1,33-36

The epidemiologic data suggest a sex ‑related 
difference in the severity of COVID ‑19, with 
a more favorable outcome in women than in 
men.37,38 On the other hand, women more often 
experience the symptoms of long COVID ‑19.13 
The sex ‑related differences are nowadays ex‑
plained by sex ‑specific expression patterns of 
a protein mediating the virus binding and some 
differences in response of the immune, coagu‑
lation, and endocrine systems to infection and 
stress.37,38 In our group, the percentage of wom‑
en with asymptomatic or mildly symptomatic 
infection was also higher than of men, although 
women more often experienced some cardiac 
symptoms of long COVID ‑19, such as palpita‑
tions / tachycardia and unstable BP during the re‑
covery period.

Cardiac complications of COVID ‑19 are a sig‑
nificant clinical problem mainly in the acute 

a very high ASCVD risk). Current smokers ac‑
counted for 10.3% of those with known smoking 
status (more common in men); non–HDL ‑C of 
at least 150 mg/dl was found in 61.5% of the pa‑
tients, and half of the participants had elevated 
BP values (more commonly men). Consequent‑
ly, the risk of ASCVD, according to the SCORE2/
SCORE2 ‑OP, was high or very high in 63.5% of 
men and 42.4% of women, even without a histo‑
ry of ASCVD. These data indicate an urgent need 
to analyze and correct the ASCVD risk factors in 
this population.

Hypertension, diabetes, and CAD are common 
in patients hospitalized for COVID ‑19, especially 
in men,1 which our study also confirmed. A pos‑
sible association has been proven between CVDs 
and CV risk factors and a more severe course of 
COVID ‑19 (relative risk of 5 for CVDs, 2.5 for hy‑
pertension, and 3.2 for diabetes),32-34 and an in‑
crease in the risk of death (crude fatality ratio of 
13.2% for individuals with CVDs and 9.2% for 

TAbLE 7 Medical history of cardiovascular diseases, comorbidities, and treatment administered

Cardiovascular diseases, comorbidities, and 
treatment applied

All

(n = 553)

Men

(n = 237)

Women

(n = 316)

P value

Coronary artery disease 96 (17.6) 52 (21.9) 44 (13.9) 0.01

History of myocardial infarction 28 (5.1) 25 (10.5) 3 (0.9) <0.001

Previous coronary revascularization 46 (8.3) 37 (15.7) 9 (2.8) <0.001

Stroke 15 (2.7) 8 (3.4) 7 (2.2) 0.44

Hypertension 404 (73.1) 186 (78.5) 218 (69) 0.01

Chronic heart failure 43 (7.8) 24 (10.1) 19 (6) 0.07

Atrial fibrillation 45 (8.1) 18 (7.6) 27 (8.5) 0.69

Venous thromboembolism or pulmonary embolisma 21 (3.8) 9 (3.8) 12 (3.8) >0.99

Diabetes 151 (27.3) 71 (30) 80 (25.3) 0.23

Chronic kidney disease (CrCl <60 ml/min)b 21 (7.5) 4 (3.2) 17 (11) 0.02

Hypercholesterolemia 247 (44.7) 120 (50.6) 127 (40.2) 0.01

Overweight and obesity BMI 25–29.9 kg/m2 88 (28.6) 34 (6.2) 54 (9.8) 0.07

BMI ≥30 kg/m2 245 (44.3) 93 (39.2) 152 (48.1) 0.04

Smoking status Current 24 (4.3) 16 (15) 8 (5.7) <0.001

Former 88 (15.9) 48 (44.9) 40 (28.6)

Never 135 (24.4) 43 (40.2) 92 (65.7)

Unknown 306 (55.3) – –

β ‑Blockers 231 (52) 90 (47.4) 141 (55.5) 0.09

Antiarrhythmic drugs 9 (2) 5 (2.6) 4 (1.6) 0.51

ACE ‑I / ARB 199 (44.5) 96 (50.3) 103 (40.4) 0.04

MRA 26 (5.9) 16 (8.5) 10 (3.9) 0.045

Loop diuretics 43 (9.7) 16 (8.5) 27 (10.7) 0.44

Insulin (percentage of patients diagnosed with diabetes) 31 (26.7) 13 (23.6) 18 (29.5) 0.48

Acetylsalicylic acid 105 (23.6) 55 (29.1) 50 (19.6) 0.02

Anticoagulants 58 (12.9) 27 (14) 31 (12.2) 0.57

Data are presented as number (percentage).

a Not related to COVID ‑19

b According to the National Kidney Foundation50

Abbreviations: ACE ‑I, angiotensin ‑converting enzyme inhibitors; ARB, angiotensin receptor blocker; BMI, body mass 
index; CrCl, creatinine clearance calculated from the Cockcroft ‑Gault formula; MRA, mineralocorticoid receptor 
antagonists
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group between 13 and 52 weeks after COVID ‑19 
onset. Xie et al,11 in their study of 153 760 pa‑
tients from the national databases of the Unit‑
ed States Department of Veterans Affairs, pro‑
vided evidence that increased CV risk (athero‑
sclerotic and nonatherosclerotic complications) 
persists for up to a year and is independent of 
age, sex, and major ASCVD risk factors. In our 
cardiac assessment carried out on average 4 
months after COVID ‑19, the frequency of ven‑
tricular and supraventricular arrhythmias also 
remained higher than that reported for the gen‑
eral population,39 while the proportion of pa‑
tients with LV systolic and diastolic dysfunc‑
tion was similar in our study and the general 
population.40 The echocardiographic abnormal‑
ities and cardiac arrhythmias were found with 
a similar frequency in men and women. The ex‑
ercise capacity of the convalescents was reduced, 
especially in men, who were less likely to expe‑
rience the mildly symptomatic acute phase of 
COVID ‑19. However, the pathogenesis of low 

phase of the disease and the early recovery pe‑
riod, however, they can also impact short‑ and 
long ‑term outcomes.8 In a meta ‑analysis of 
220 studies by Pellicori et al,1 as in our group, 
the most frequent acute complications were 
supraventricular arrhythmias / atrial fibrilla‑
tion (8.5%; range, 0%–24.7%), venous throm‑
boembolism (6.1%; range, 0%–46.2%), PE 
(4.3%; range, 0%–23.8%), and HF (6.8%; range, 
0%–24%). Renda et al9 reported that age, fe‑
male sex, in ‑hospital acute HF, and atrial fibril‑
lation during the acute COVID ‑19 were predic‑
tors of mortality and major adverse CV and cere‑
brovascular events among 6 ‑month COVID ‑19 
convalescents.

Rezel ‑Potts et al10 investigated a group of 
428 650 convalescents and found that the in‑
cidence of new ‑onset diabetes and CVDs also 
increased (adjusted rate ratio, 5.82; 95% CI, 
4.82–7.03 for CVD, and 1.81; 95% CI, 1.51–2.19 
for diabetes) in the first 4 weeks after COVID ‑19, 
and then dropped to values equal to the control 

TAbLE 8 The 10 ‑year risk of fatal and nonfatal atherosclerotic cardiovascular events according to the Systematic 
Coronary Risk Estimation 2 and the Systematic Coronary Risk Estimation 2 ‑Older Persons algorithms by age and sex

ASCVD All

(n = 233)

Men

(n = 101)

Women

(n = 132)

P value

Age 40–49 years: 31 patients (13.3%)

Primary prevention 31 (100) 16 (51.6) 15 (48.4) 0.86

Secondary prevention 0 0 0

Low risk 11 (35.5) 1 (6.2) 10 (66.7) 0.002

Moderate risk 15 (48.4) 12 (75) 3 (20)

High risk 5 (16.1) 3 (18.8) 2 (13.3)

Very high risk 0 0 0

SCORE2 riska, % 3 (2–4) 4 (3–6.3) 2 (1–3) <0.001

Age 50–69 years: 184 patients (79%)

Primary prevention 159 (86.4) 60 (77.9) 99 (92.5) 0.005

Secondary prevention 25 (13.6) 17 (22.1) 8 (7.5)

Low risk 19 (10.3) 3 (3.9) 16 (15) 0.001

Moderate risk 66 (35.9) 21 (27.3) 45 (42.1)

High risk 73 (39.7) 36 (46.8) 37 (34.6)

Very high risk 26 (14.1) 17 (22.1) 9 (8.4)

SCORE2 riska, % 8 (5.3–10) 9 (7.5–11) 7 (5–10) <0.001

Age ≥70 years: 18 patients (7.7%)

Primary prevention 13 (72.2) 3 (37.5) 10 (100) 0.006

Secondary prevention 5 (27.8) 5 (62.5) 0

Low risk 0 0 0 0.01

Moderate risk 2 (11.1) 0 2 (20)

High risk 11 (61.1) 3 (37.5) 8 (80)

Very high risk 5 (27.8) 5 (62.5) 0

SCORE2 ‑OP riska, % 20  
(15.5–37)

17  
(17–21.5)

36  
(12–41.5)

0.65

Data are presented as median (interquartile range) or number (percentage).

a Only patients without preexisting atherosclerotic cardiovascular diseases, diabetes, or chronic kidney disease with 
CrCl <45 ml/min

Abbreviations: ASCVD, atherosclerotic cardiovascular diseases; SCORE2, Systemic Coronary Risk Estimation 2 
algorithm; SCORE2 ‑OP, Systematic Coronary Risk Estimation 2 ‑Older Persons
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prevention in clinical practice, the Polish popu‑
lation has been classified as one at a high risk of 
ASCVD, and high values of ASCVD risk factors 
found in the COVID ‑19 convalescents probably 
only reflected this status.

The percentage of patients in primary preven‑
tion with high ASCVD risk in the post–COVID ‑19 
group was significantly higher (38.4% vs 3.5%) 
than in the general population participating in 
the Program of Prevention and Early Detection 
of Cardiovascular Disease of the NHF conducted 
in 2017 and 2018 by Liput ‑Sikora et al.48 The most 
crucial factor contributing to the low ‑risk value 
in the above study was probably low mean (SD) 
age of the participants (43.4 [7] years for men and 
43.2 [6.9] years for women), which in turn affect‑
ed the age ‑related BP and lipid values.49

Limitations The obtained retrospective data 
did not allow for unequivocal determination of 
the etiology of abnormalities found in additional 
tests as resulting from COVID ‑19 or being a con‑
sequence of a chronic disease. Moreover, the per‑
centage of patients with acute coronary syndrome 
secondary to COVID ‑19 is most likely underesti‑
mated due to the participation of these patients 
in an NHF care program intended for patients 
with MI (KOS ‑ZAWAŁ).

Patients with CVDs and diabetes have a higher 
risk of developing COVID ‑19 and cardiac compli‑
cations. In addition, there has been an increase 
in the number of newly diagnosed cases of CVDs 
and diabetes in the first several months after 
COVID ‑19 diagnosis. That may result in higher 
values of the parameters determining the ASCVD 
risk in the convalescents than in the general 
population.

As the method for ASCVD risk assessment 
changed in 2021 (SCORE algorithm assessing 
the 10 ‑year risk of death due to ASCVD was re‑
placed with new SCORE2/SCORE2 ‑OP algorithms 
estimating the 10 ‑year risk of fatal and nonfatal 
ASCVD events), comparisons of the risk level in 
the populations assessed according to different 
algorithms are of limited usefulness.

The tissue Doppler imaging was unavailable in 
the on‑site echocardiography facility, and an as‑
sessment of the LV diastolic function using this 
method was not performed.

Conclusions Despite reports of cardiac compli‑
cations in 19% of the participants in the acute 
phase of the disease, a relatively small number 
of cardiac problems that could be associated with 
a history of COVID ‑19 are present in both sex‑
es after an average of 4 months of recovery. On 
the other hand, our data indicated a high prev‑
alence of ASCVD risk factors in the COVID ‑19 
convalescents, especially in men. The high AS‑
CVD risk is an unjustifiably overlooked back‑
ground for the increased CV risk associated with 
SARS ‑CoV ‑2 infection, which may contribute to 
the deterioration of the long ‑term prognosis of 
the convalescents.

cardiorespiratory fitness, chronic dyspnea, and 
fatigue after COVID ‑19 is more complex, and 
symptoms do not directly depend on the sever‑
ity of acute SARS ‑CoV ‑2 infection or the dys‑
function of the heart and lungs.41-43

ASCVDs are the leading cause of death in both 
sexes, although epidemiologic observations in‑
dicate that women are less likely to suffer from 
CV complications than men of the same age.44 
These sex ‑related differences in atherogenesis 
are associated with, among others, differential 
regulation of glycemia, insulin sensitivity, lip‑
id metabolism, and adipose tissue homeostasis 
controlled, for example, by sex hormones.45,46 In 
our analysis, the preexisting ASCVD, and some 
factors increasing the risk of atherosclerosis, 
that is, smoking, hypertension, and impaired 
fasting glycemia were more frequent in men 
than in women. Consequently, the risk of AS‑
CVD according to the SCORE2/SCORE2 ‑OP al‑
gorithms was higher in men than in women aged 
below 70 years.

Studies conducted in the Polish population 
before the COVID ‑19 pandemic26-28,47 indicat‑
ed an equally high level of main ASCVD risk 
factors as in the described group of COVID ‑19 
convalescents. Lu et al47 analyzed the data from 
the HAPIEE (Health, Alcohol and Psychoso‑
cial Factors in Eastern Europe) study, covering 
30 882 adults aged 45–69 years from the Czech 
Republic, Russia, Poland, and Lithuania, col‑
lected from 2002 to 2008. In this group, which 
matched the  age of the  participants in our 
study, the prevalence of hypertension and hy‑
percholesterolemia was over 60% and 75% in 
men and 55% and 80% in women, respectively. 
The mean (SD) BP was assessed as SBP 138.38 
(21.29) mm Hg, DBP 86.33 (11.83) mm Hg, and 
the mean (SD) TC level was 226 (43) mg/dl. 
These results are very close to our findings in 
the COVID ‑19 convalescents, also in terms of 
higher prevalence of hypertension in men and 
hypercholesterolemia in women. Unfortunate‑
ly, the authors did not estimate CV risk accord‑
ing to the SCORE algorithm.

In the Polish multicenter nationwide health 
study WOBASZ II (2013–2014),26 the preva‑
lence of hypertension and hypercholesterol‑
emia in the older subgroup aged 50–79 years 
was 46.7%–60.4% and 71.3%–79.9%, respec‑
tively. In that study, 18.6% of the participants 
with hypertension and hypercholesterolemia 
had a high SCORE risk. It is worth noting that 
the percentage of patients with hypercholester‑
olemia in the Polish population has not changed 
since the 2003–2005 WOBASZ study.27 Simi‑
larly, in the subgroup of patients aged 40–79 
years from the NATPOL study (2011),28 mean 
LDL ‑C concentrations were as high as the values 
found in the COVID ‑19 convalescents, and high 
TC of at least 190 mg/dl was found in 54.3% of 
the participants. It is worth remembering that 
according to the 202116 and earlier guidelines 
of the European Society of Cardiology on CVD 



ORIGINAL ARTICLE Cardiovascular risk of convalescents after COVID ‑19 11

and Infectiologists as of April 26, 2021. Pol Arch Intern Med. 2021; 131: 
487‑496. 

18 Directive no. 42/2021/DSOZ of the President of the National Health 
Fund of March 5, 2021 on the reporting rules and conditions for the settle‑
ment of health care services related to preventing and combating COVID ‑19  
[in Polish]. https://www.nfz.gov.pl/zarzadzenia ‑prezesa/zarzadzenia ‑prezesa‑
‑nfz/zarzadzenie ‑nr ‑422021dsoz,7 324.html. Accessed September 12, 2022.

19 Ahmadi Z, Igelström H, Sandberg J, et al. Agreement of the modified 
Medical Research Council and New York Heart Association scales for as‑
sessing the impact of self ‑rated breathlessness in cardiopulmonary disease. 
ERJ Open Res. 2022; 8: 00460‑2021. 

20 Enright PL, Sherrill DL. Reference equations for the six ‑minute walk 
in healthy adults. Am J Respir Crit Care Med. 1998; 158: 1384‑1387. 

21 Scherr J, Wolfarth B, Christle JW, et al. Associations between Borg’s 
rating of perceived exertion and physiological measures of exercise intensi‑
ty. Eur J Appl Physiol. 2013; 113: 147‑155. 

22 Lang RM, Badano LP, Mor ‑Avi V, et al. Recommendations for cardi‑
ac chamber quantification by echocardiography in adults: an update from 
the American Society of Echocardiography and the European Association 
of Cardiovascular Imaging. J Am Soc Echocardiogr. 2015; 28: 1‑39.e14. 

23 Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for 
the evaluation of left ventricular diastolic function by echocardiography: 
an update from the American Society of Echocardiography and the Euro‑
pean Association of Cardiovascular Imaging. J Am Soc Echocardiogr. 2016; 
29: 277‑314. 

24 Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the echocardiograph‑
ic assessment of the right heart in adults: a report from the American Society 
of Echocardiography endorsed by the European Association of Echocardiogra‑
phy, a registered branch of the European Society of Cardiology, and the Cana‑
dian Society of Echocardiography. J Am Soc Echocardiogr. 2010; 23: 685‑713.

25 Steinberg JS, Varma N, Cygankiewicz I, et al. 2017 ISHNE ‑HRS ex‑
pert consensus statement on ambulatory ECG and external cardiac monitor‑
ing / telemetry. Ann Noninvasive Electrocardiol. 2017; 22: e12447. 

26 Niklas A, Marcinkowska J, Kozela M, et al. Blood pressure and choles‑
terol control in patients with hypertension and hypercholesterolemia: the re‑
sults from the Polish multicenter national health survey WOBASZ II. Pol Arch 
Intern Med. 2019; 129: 864‑873. 

27 Pająk A, Szafraniec K, Polak M, et al; WOBASZ Investigators. Changes 
in the prevalence, treatment, and control of hypercholesterolemia and oth‑
er dyslipidemias over 10 years in Poland: the WOBASZ study. Pol Arch Med 
Wewn. 2016; 126: 642‑652. 

28 Zdrojewski T, Solnica B, Cybulska B, et al. Prevalence of lipid abnormal‑
ities in Poland. The NATPOL 2011 survey. Kardiol Pol. 2016; 74: 213‑223. 

29 Araszkiewicz A, Bandurska ‑Stankiewicz E, Borys S, et al. 2022 Guide‑
lines on the management of patients with diabetes. A position of Diabetes 
Poland. Current Topics in Diabetes. 2022; 2.

30 Lamb EJ, Tomson CR, Roderick PJ; Clinical Sciences Reviews Commit‑
tee of the Association for Clinical Biochemistry. Estimating kidney function 
in adults using formulae. Ann Clin Biochem. 2005; 42: 321‑345. 

31 Righini M, Van Es J, Den Exter PL, et al. Age ‑adjusted D ‑dimer cutoff 
levels to rule out pulmonary embolism: the ADJUST ‑PE study. JAMA. 2014; 
311: 1117‑1124. 

32 Matsushita K, Ding N, Kou M, et al. The relationship of COVID ‑19 sever‑
ity with cardiovascular disease and its traditional risk factors: a systematic 
review and meta ‑analysis. Glob Heart. 2020; 15: 64. 

33 Lippi G, Wong J, Henry BM. Hypertension in patients with coronavi‑
rus disease 2019 (COVID ‑19): a pooled analysis. Pol Arch Intern Med. 2020; 
130: 304‑309. 

34 Pająk A, Jankowski P, Zdrojewski T. The burden of cardiovascular dis‑
ease risk factors: a current problem. Kardiol Pol. 2022; 80: 5‑15. 

35 Report of the WHO ‑China Joint Mission on Coronavirus Disease 2019 
(COVID ‑19). 16‑24 February 2020. https://www.who.int/docs/default‑
‑source/coronaviruse/who ‑china ‑joint ‑mission ‑on ‑covid ‑19 ‑final ‑report.pdf. 
Accessed September 12, 2022.

36 Kanecki K, Nitsch ‑Osuch A, Goryński P, et al. Hospitalizations for 
COVID ‑19 in Poland: a study based on data from a national hospital register. 
Pol Arch Intern Med. 2021; 131: 535‑540. 

37 Pivonello R, Auriemma RS, Pivonello C, et al. Sex disparities in 
COVID ‑19 severity and outcome: are men weaker or women stronger? Neu‑
roendocrinology. 2021; 111: 1066‑1085. 

38 Bechmann N, Barthel A, Schedl A, et al. Sexual dimorphism in 
COVID ‑19: potential clinical and public health implications. Lancet Diabetes 
Endocrinol. 2022; 10: 221‑230. 

39 Lindberg T, Wimo A, Elmståhl S, et al. Prevalence and incidence of atri‑
al fibrillation and other arrhythmias in the general older population: findings 
from the Swedish National Study on Aging and Care. Gerontol Geriatr Med. 
2019; 5: 2333721419859687. 

40 van Riet EE, Hoes AW, Wagenaar KP, et al. Epidemiology of heart fail‑
ure: the prevalence of heart failure and ventricular dysfunction in older adults 
over time. A systematic review. Eur J Heart Fail. 2016; 18: 242‑252. 

41 Baum P, Do L, Deterding L, et al. Cardiac function in relation to func‑
tional status and fatigue in patients with post ‑COVID syndrome. Sci Rep. 
2022; 12: 19575. 

ARTICLE INfORmATION

ACKNOwLEdGmENTs None.

fuNdING This study was funded by “Electrocardiology ‑Ochojec” Foun‑
dation and by Center for Research and Implementation of Strategy Support‑
ing Healthy Aging (RIDage) financed by the Polish Ministry of Education 
and Science in the Regional Excellence Initiative program (project number 
019/RID/2018/19). Part of the laboratory data collection was financed from 
an unrestricted grant from Servier Poland.

CONTRIbuTION sTATEmENT DL, BSH, WZD, ISB, MNC, AM, RG, and 
KSG conceived the concept of the study and contributed to the design of 
the research. MN ‑C, ID, MG, and ML performed the laboratory tests. DL and 
KSG performed the statistical calculations. DL, BSH, WZD, AM, and KSG co‑
ordinated funding for the project. DL, BSH, and KSG drafted the article. DL 
reviewed the article. All authors were involved in the acquisition or analy‑
sis and interpretation of data. All authors edited and approved the final ver‑
sion of the manuscript.

CONfLICT Of INTEREsT None declared.

OPEN ACCEss This is an Open Access article distributed under the terms 
of the Creative Commons Attribution ‑NonCommercial ‑ShareAlike 4.0 Inter‑
national License (CC BY ‑NC ‑SA 4.0), allowing third parties to copy and re‑
distribute the material in any medium or format and to remix, transform, and 
build upon the material, provided the original work is properly cited, distrib‑
uted under the same license, and used for noncommercial purposes only. For 
commercial use, please contact the journal office at pamw@mp.pl.

hOw TO CITE Łoboda D, Sarecka ‑Hujar B, Wilczek J, et al. Cardiac status 
and atherosclerotic cardiovascular risk of convalescents after COVID ‑19 in 
Poland. Pol Arch Intern Med. 2023; 133: 16449. doi:10.20452/pamw.16449

REfERENCEs

1 Pellicori P, Doolub G, Wong CM, et al. COVID ‑19 and its cardiovascular 
effects: a systematic review of prevalence studies. Cochrane Database Syst 
Rev. 2021; 3: CD013879. 

2 Freiberg A, Schubert M, Romero Starke K, et al. A rapid review on the in‑
fluence of COVID ‑19 lockdown and quarantine measures on modifiable car‑
diovascular risk factors in the general population. Int J Environ Res Public 
Health. 2021; 18: 8567. 

3 Gornicka M, Drywien ME, Zielinska MA, Hamulka J. Dietary and life‑
style changes during COVID ‑19 and the subsequent lockdowns among Pol‑
ish adults: a cross ‑sectional online survey PLifeCOVID ‑19 study. Nutrients. 
2020; 12: 2324. 

4 Kreutz R, Dobrowolski P, Prejbisz A, et al. European Society of Hyperten‑
sion COVID ‑19 Task Force Review. Lifestyle, psychological, socioeconomic 
and environmental factors and their impact on hypertension during the coro‑
navirus disease 2019 pandemic. J Hypertens. 2021; 39: 1077‑1089. 

5 Sidor A, Rzymski P. Dietary choices and habits during COVID ‑19 lock‑
down: experience from Poland. Nutrients. 2020; 12: 1657. 

6 Čelutkienė J, Čerlinskaitė ‑Bajorė K, Bajoras V, et al. Collateral effect of 
the COVID ‑19 pandemic on cardiology service provision and cardiovascu‑
lar mortality in a population ‑based study: COVID ‑COR ‑LT. Clin Res Cardiol. 
2022; 111: 1‑17. 

7 Legutko J, Niewiara Ł, Bartuś S, et al. Decline in the number of coronary 
angiography and percutaneous coronary intervention procedures in patients 
with acute myocardial infarction in Poland during the coronavirus disease 
2019 pandemic. Kardiol Pol. 2020; 78: 574‑576. 

8 Abbasi J. The COVID Heart—One year after SARS ‑CoV ‑2 infection, pa‑
tients have an array of increased cardiovascular risks. JAMA. 2022; 327: 
1113‑1114. 

9 Renda G, Ricci F, Spinoni EG, et al. Predictors of mortality and cardiovas‑
cular outcome at 6 months after hospitalization for COVID ‑19. J Clin Med. 
2022; 11: 729. 

10 Rezel ‑Potts E, Douiri A, Sun X, et al. Cardiometabolic outcomes up 
to 12 months after COVID ‑19 infection. A matched cohort study in the UK. 
PLoS Med. 2022; 19: e1004052. 

11 Xie Y, Xu E, Bowe B, Al ‑Aly Z. Long ‑term cardiovascular outcomes of 
COVID ‑19. Nat Med. 2022; 28: 583‑590. 

12 Katsoularis I, Fonseca ‑Rodríguez O, Farrington P, et al. Risks of deep 
vein thrombosis, pulmonary embolism, and bleeding after COVID ‑19: nation‑
wide self ‑controlled cases series and matched cohort study. BMJ. 2022; 
377: e069590. 

13 Huang C, Huang L, Wang Y, et al. 6 ‑month consequences of COVID ‑19 
in patients discharged from hospital: a cohort study. Lancet. 2021; 397: 
220‑232. 

14 Jud P, Gressenberger P, Muster V, et al. Evaluation of endothelial dys‑
function and inflammatory vasculopathy after SARS ‑CoV ‑2 infection ‑ 
a cross ‑sectional study. Front Cardiovasc Med. 2021; 8: 750887. 

15 Kendrick M. Assessing cardiovascular disease: looking beyond choles‑
terol. Curr Opin Endocrinol Diabetes Obes. 2022; 29: 427‑433. 

16 Visseren FLJ, Mach F, Smulders YM, et al; ESC Scientific Document 
Group. 2021 ESC Guidelines on cardiovascular disease prevention in clinical 
practice. Eur J Prev Cardiol. 2022; 29: 5‑115.

17 Flisiak R, Horban A, Jaroszewicz J, et al. Management of SARS ‑CoV ‑2 
infection: recommendations of the Polish Association of Epidemiologists 

https://doi.org/10.20452/pamw.15979
https://doi.org/10.20452/pamw.15979
https://doi.org/10.1183/23120541.00460-2021
https://doi.org/10.1183/23120541.00460-2021
https://doi.org/10.1183/23120541.00460-2021
https://doi.org/10.1183/23120541.00460-2021
https://doi.org/10.1164/ajrccm.158.5.9710086
https://doi.org/10.1164/ajrccm.158.5.9710086
https://doi.org/10.1007/s00421-012-2421-x
https://doi.org/10.1007/s00421-012-2421-x
https://doi.org/10.1007/s00421-012-2421-x
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1016/j.echo.2016.01.011
https://doi.org/10.1111/anec.12447
https://doi.org/10.1111/anec.12447
https://doi.org/10.1111/anec.12447
https://doi.org/10.20452/pamw.15013
https://doi.org/10.20452/pamw.15013
https://doi.org/10.20452/pamw.15013
https://doi.org/10.20452/pamw.15013
https://doi.org/10.20452/pamw.3464
https://doi.org/10.20452/pamw.3464
https://doi.org/10.20452/pamw.3464
https://doi.org/10.20452/pamw.3464
https://doi.org/10.5603/KP.2016.0029
https://doi.org/10.5603/KP.2016.0029
https://doi.org/10.1258/0004563054889936
https://doi.org/10.1258/0004563054889936
https://doi.org/10.1258/0004563054889936
https://doi.org/10.1001/jama.2014.2135
https://doi.org/10.1001/jama.2014.2135
https://doi.org/10.1001/jama.2014.2135
https://doi.org/10.5334/gh.814
https://doi.org/10.5334/gh.814
https://doi.org/10.5334/gh.814
https://doi.org/10.20452/pamw.15272
https://doi.org/10.20452/pamw.15272
https://doi.org/10.20452/pamw.15272
https://doi.org/10.33963/KP.a2022.0018
https://doi.org/10.33963/KP.a2022.0018
https://doi.org/10.20452/pamw.15946
https://doi.org/10.20452/pamw.15946
https://doi.org/10.20452/pamw.15946
https://doi.org/10.1159/000513346
https://doi.org/10.1159/000513346
https://doi.org/10.1159/000513346
https://doi.org/10.1016/S2213-8587(21)00346-6
https://doi.org/10.1016/S2213-8587(21)00346-6
https://doi.org/10.1016/S2213-8587(21)00346-6
https://doi.org/10.1177/2333721419859687
https://doi.org/10.1177/2333721419859687
https://doi.org/10.1177/2333721419859687
https://doi.org/10.1177/2333721419859687
https://doi.org/10.1002/ejhf.483
https://doi.org/10.1002/ejhf.483
https://doi.org/10.1002/ejhf.483
https://doi.org/10.1038/s41598-022-24038-3
https://doi.org/10.1038/s41598-022-24038-3
https://doi.org/10.1038/s41598-022-24038-3
http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1002/14651858.CD013879
https://doi.org/10.1002/14651858.CD013879
https://doi.org/10.1002/14651858.CD013879
https://doi.org/10.3390/ijerph18168567
https://doi.org/10.3390/ijerph18168567
https://doi.org/10.3390/ijerph18168567
https://doi.org/10.3390/ijerph18168567
https://doi.org/10.3390/nu12082324
https://doi.org/10.3390/nu12082324
https://doi.org/10.3390/nu12082324
https://doi.org/10.3390/nu12082324
https://doi.org/10.1097/HJH.0000000000002770
https://doi.org/10.1097/HJH.0000000000002770
https://doi.org/10.1097/HJH.0000000000002770
https://doi.org/10.1097/HJH.0000000000002770
https://doi.org/10.3390/nu12061657
https://doi.org/10.3390/nu12061657
https://doi.org/10.1007/s00392-022-02033-y
https://doi.org/10.1007/s00392-022-02033-y
https://doi.org/10.1007/s00392-022-02033-y
https://doi.org/10.1007/s00392-022-02033-y
https://doi.org/10.33963/KP.15393
https://doi.org/10.33963/KP.15393
https://doi.org/10.33963/KP.15393
https://doi.org/10.33963/KP.15393
https://doi.org/10.1001/jama.2022.2411
https://doi.org/10.1001/jama.2022.2411
https://doi.org/10.1001/jama.2022.2411
https://doi.org/10.3390/jcm11030729
https://doi.org/10.3390/jcm11030729
https://doi.org/10.3390/jcm11030729
https://doi.org/10.1371/journal.pmed.1004052
https://doi.org/10.1371/journal.pmed.1004052
https://doi.org/10.1371/journal.pmed.1004052
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1136/bmj-2021-069590
https://doi.org/10.1136/bmj-2021-069590
https://doi.org/10.1136/bmj-2021-069590
https://doi.org/10.1136/bmj-2021-069590
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.3389/fcvm.2021.750887
https://doi.org/10.3389/fcvm.2021.750887
https://doi.org/10.3389/fcvm.2021.750887
https://doi.org/10.1097/MED.0000000000000761
https://doi.org/10.1097/MED.0000000000000761
https://doi.org/10.20452/pamw.15979
https://doi.org/10.20452/pamw.15979


POLISH ARCHIVES OF INTERNAL MEDICINE 2023; 133 (7-8)12

42 Rinaldo RF, Mondoni M, Parazzini EM, et al. Deconditioning as main 
mechanism of impaired exercise response in COVID ‑19 survivors. Eur Respir 
J. 2021; 58: 2100870. 

43 Ortelli P, Ferrazzoli D, Sebastianelli L, et al. Neuropsychological and neu‑
rophysiological correlates of fatigue in post ‑acute patients with neurological 
manifestations of COVID ‑19: insights into a challenging symptom. J Neurol 
Sci. 2021; 420: 117271. 

44 Orshal JM, Khalil RA. Gender, sex hormones, and vascular tone. Am J 
Physiol Regul Integr Comp Physiol. 2004; 286: R233 ‑R249. 

45 Palmisano BT, Zhu L, Eckel RH, Stafford JM. Sex differences in lipid and 
lipoprotein metabolism. Mol Metab. 2018; 15: 45‑55. 

46 Morris A. Sex differences for fasting levels of glucose and insulin: ex‑
panding our understanding. Nat Rev Endocrinol. 2021; 17: 131. 

47 Lu W, Pikhart H, Tamosiunas A, et al. Prevalence, awareness, treat‑
ment and control of hypertension, diabetes and hypercholesterolemia, and 
associated risk factors in the Czech Republic, Russia, Poland and Lithuania: 
a cross ‑sectional study. BMC Public Health. 2022; 22: 883. 

48 Liput ‑Sikora A, Cybulska AM, Fabian W, et al. Cardiovascular risk dis‑
tribution in a contemporary Polish collective. Int J Environ Res Public Health. 
2020; 17: 3306. 

49 Kozera L, Kuliczkowski W, Gocek E. Cardiovascular risk and metabolic 
profile of Polish citizens from Lower Silesia. First signs of metabolic crisis? 
Arch Med Sci. 2020; 18: 617‑623. 

50 National Kidney Foundation. KDIGO 2012 Clinical Practice Guideline for 
the Evaluation and Management of Chronic Kidney Disease. Kidney Int Sup‑
pl. 2013; 3: 1‑150.

https://doi.org/10.1183/13993003.00870-2021
https://doi.org/10.1183/13993003.00870-2021
https://doi.org/10.1183/13993003.00870-2021
https://doi.org/10.1016/j.jns.2020.117271
https://doi.org/10.1016/j.jns.2020.117271
https://doi.org/10.1016/j.jns.2020.117271
https://doi.org/10.1016/j.jns.2020.117271
https://doi.org/10.1152/ajpregu.00338.2003
https://doi.org/10.1152/ajpregu.00338.2003
https://doi.org/10.1016/j.molmet.2018.05.008
https://doi.org/10.1016/j.molmet.2018.05.008
https://doi.org/10.1038/s41574-021-00472-7
https://doi.org/10.1038/s41574-021-00472-7
https://doi.org/10.1186/s12889-022-13260-3
https://doi.org/10.1186/s12889-022-13260-3
https://doi.org/10.1186/s12889-022-13260-3
https://doi.org/10.1186/s12889-022-13260-3
https://doi.org/10.3390/ijerph17093306
https://doi.org/10.3390/ijerph17093306
https://doi.org/10.3390/ijerph17093306
https://doi.org/10.5114/aoms.2020.99922
https://doi.org/10.5114/aoms.2020.99922
https://doi.org/10.5114/aoms.2020.99922

