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ÖZET 
Amaç: Maksimum iş yükünde oksijen tüketimi aerobik kapasiteyi ifade eder ve dayanıklılığın önemli bir fizyolojik 
kriteridir. Post-COVID-19 sendromunda SARS-CoV2 hastalığının akut fazı geçtikten sonra bazı şikayetler en az 12 hafta 
devam etmektedir. Maksimum iş yükü varlığında oksijen tüketimi ve kalp atım hızı indeks değerlerini karşılaştırarak, post-
COVID-19 sendromda aerobik kapasitenin etkilenip etkilenmediğini doğrulamayı amaçladık.
Yöntemler: Çalışmaya Ocak-Mart 2021 tarihleri arasında göğüs ağrısı ve nefes darlığı şikayetleri nedeniyle koroner arter 
hastalığı açısından değerlendirilen ve miyokard perfüzyon sintigrafi tetkiki yapılan 27 hasta dahil edildi. Hastaların 11’i 
kadındı. Hastalarımıza Bruce Protokolü prosedürü kullanılarak koşu bandı egzersizi uygulandı. Hastalarımızın tamamı 
220-yaş formülü kullanılarak hesaplanan kalp hızının %100’üne ulaştı. Aynı hasta grubunda COVİD-19 enfeksiyonu öncesi 
ve sonrasında maksimum iş yükü varlığında oksijen tüketimi ve kalp atım hızı indeksi değerleri karşılaştırıldı.
Bulgular: Olguların 11’i (%40,7) kadındı. Hastaların ortanca yaşı 53 (49-57) yıl idi. Post-COVİD-19 sendromlu 
hastalarımızda, COVİD-19 enfeksiyonu öncesinde hesaplanan maksimum iş yükünde oksijen tüketimi ve kalp atım hızı 
indeksi değerleri, daha sonra hesaplananlara göre daha yüksekti. Aynı hasta grubunda maksimum iş yükünde oksijen 
tüketimi sırasıyla; COVİD enfeksiyonu öncesi ve sonrası 43 (28-44) ve 37 (26-38) olarak hesaplandı (p:0,0005). Kalp atım 
indeksi değerleri 2,5 (2,4-2,6) ve 2,4 (2,3-2,6) olarak hesaplandı (p:0,0005).
Sonuç: Post-COVID-19 sendromu varlığında aerobik kapasitede azalma mevcuttur. Şikayetlerin sebebini belirlemek, 
önleme ve tedavi yöntemlerini geliştirmemize olanak sağlayacaktır. Maksimum iş yükü varlığında oksijen tüketimi ve 
kalp atım hızı indeksi değerleri, post-COVID-19 sendromlu hastaların takibinde kullanılabilir. Bu konuda ileriye dönük 
çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: kalp hızı, egzersiz testi, post-akut COVID-19 sendromu, radyonuklit görüntüleme

ABSTRACT

Objective: Oxygen consumption at maximum workload is a physiological criterion expressing aerobic capacity. We aimed 
to evaluate whether aerobic capacity is affected in post-COVID-19 syndrome by comparing oxygen consumption and heart 
rate index values in patients whose complaints continued after the acute phase of SARS-CoV2 disease passed.

Methods: 27 patients who underwent scintigraphy to be evaluated for coronary artery disease between January and 
March 2021 were included in the study. Our patients underwent treadmill exercise using the Bruce Protocol procedure. 
Patients achieved 100% of heart rate calculated using the 220-age formula. Oxygen consumption and heart rate index 
values at maximum workload values were compared in the same patient group before and after COVID-19 infection.

Results: 11 of the cases (40.7%) were women. The median age of the patients was 53 (49-57) years. In our patients with 
post-COVID-19 syndrome, oxygen consumption and heart rate index values at the maximum workload values calculated 
before COVID-19 infection were higher than those calculated later. Oxygen consumption in the same patient group is as 
follows; It was calculated as 43 (28-44) and 37 (26-38) before and after COVID infection (p:0.0005). Heart rate index values 
were calculated as 2.5 (2.4-2.6) and 2.4 (2.3-2.6) (p:0.0005).

Conclusion: In the presence of post-COVID-19 syndrome, there is a decrease in aerobic capacity. Determining the cause 
of complaints will allow us to develop prevention and treatment methods. In the presence of maximum workload, oxygen 
consumption and heart rate index values can be used in the monitoring of patients with post-COVID-19 syndrome.
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scintigraphy (MPS) was performed in all patients 32-35 
weeks after the PCR test turned negative, in line with car-
diac indications (2). All 27 patients underwent their first 
stress myocardial perfusion scintigraphy performed for 
the indication in 2019. 11 female patients had recurrent 
syncope with no known cause, and 16 male patients had 
recurrent chest pain and ST changes on the exercise ECG. 
Before the test, detailed anamnesis was performed on our 
patients. Our patients did not have bundle branch blocks 
or pacemakers. 27 patients included in the study had no 
history of chronic heart disease, chronic lung disease, or 
chronic disease. No history of chronic drug use. None of 
the 27 patients had diabetes mellitus, hypertension, hy-
percholesterolemia, smoking, obesity, and other cardio-
vascular risk factors. Some patients had a family history of 
coronary heart disease. The data of the patients are sum-
marized in Table 2. None of the 27 patients had hospital-
ization or intensive care indications during COVID-19 in-
fection. No elevation was found in inflammation markers 
for infection. MPS indication was made with these find-
ings. Treadmill exercise was applied to our patients using 
the BP procedure (Table 1). All of our patients reached 
100% of the cardiac rate calculated with the 220-age for-
mula, and the test was terminated because of burnout. 
ECG monitoring was performed during the test and no 
significant ECG changes were found. Our patients had 
no history of chronic drug use or chronic disease. Our 
patients cut out foods containing methylxanthines 12 h 
beforehand. Imaging was performed by the guidelines 
(2). A dose of 8-12 mCi was administered for stress imag-
ing and 24-36 mCi for rest imaging. The first stress images 
were recorded after 20-40 min. A low-energy high-resolu-
tion collimator was used. Imaging was performed in the 
supine position. A 64x64 matrix was used. SPECT image 
quality was increased by reducing noise with appropriate 
filtering (11). (Figure 1). Iterative reconstruction methods 
were used. Thus, attenuation, scattering, and blurring 
were corrected. MPS images were evaluated quantita-
tively according to the 17-segment model (12). (Figure 2). 
Mediso Anyscan-S dual-headed SPECT gamma camera, 
PC-based TEPA brand treadmill and stresswin software 
were used. Qualitative and quantitative data were ob-
tained from the SPECT images. None of our 27 patients 
had evidence of perfusion defect in the gated MPS ex-
amination. (Figure 1). In our patients who were clinically 
accepted as PCS, the quantitative data calculated from 
two scintigraphic images and parameters showing aero-
bic capacity such as VO2max in patients with maximum 
effort according to BP were compared. The duration (T) 
of the patient’s exertion was determined according to BP. 
There are some formulas for the VO2max calculation (13). 

M aximal aerobic capacity is a frequently used 
guiding parameter when determining the 
ability to sustain effort. Oxygen consumption 

at maximal workload (VO2max) is one of the important 
physiological criterion of endurance that has been used 
for many years and expresses aerobic capacity (1). Bruce 
Protocol (BP) is a treadmill test protocol that allows the 
subject to reach VO2max in a short time due to the in-
crease in incline and speed together (Table 1) (2). Clinical 
entity-defined related studies are ongoing (3). In post-
COVID syndrome (PCS), some complaints persist for at 
least 12 weeks after the acute as PCS has approximately 
200 different symptoms and the phase of SARS-CoV2 dis-
ease has passed (4-5). Patients with COVID-19 typically 
present with a respiratory infection, however cardiac man-
ifestations are also common. Among the possible causes 
of myocardial damage in COVID-19 patients; are stress 
cardiomyopathy, hypoxic injury, vasculitis, endothelitis, 
acute cor pulmonale, myocarditis, and cytokine storm 
(6). Patients may present with palpitations and chest pain 
(7). Elevated cardiac troponin levels are a generally ac-
cepted marker for determining myocardial damage (7). 
Patients with mildly symptomatic COVID-19 have a low-
er frequency of troponin elevation (8). In a few patients 
with COVID-19, myocarditis has been histologically con-
firmed, but the viral genome has not been identified in 
the myocardium (9). The possibility of immune myocardi-
tis has been suggested but unproven (10). We compared 
pre-pandemic and post-pandemic cardiac parameters in 
our patients who were investigated for coronary artery 
disease (CAD) and subsequently diagnosed with PCS. In 
our retrospective study, myocardial perfusion scintigra-
phy was performed on our patients and they were evalu-
ated for CAD. This study aimed to verify whether aerobic 
capacity is affected in PCS by comparing VO2max values   
and heart rate index (HRI) values.

Material-Method

Between January and March 2021, 27 patients who un-
derwent scintigraphy to evaluate myocardial perfusion in 
terms of coronary artery disease due to chest pain were 
included in the study. Eleven of the patients were female. 
Although all of our patients were previously positive 
for COVID-19 PCR, PCR tests became negative between 
June and August 2020. In our patients, who survived the 
COVID-19 infection with mild symptoms without being 
hospitalized, the complaints of significant shortness of 
breath and whole body and left shoulder pain developed 
after COVID-19 continued. Effort myocardial perfusion 
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forms were obtained from the patients. Our retrospec-
tive study was approved by Gaziosmanpasa Training and 
Research Hospital Ethics Committee with 72 numbers on 
08.06.2022.

Table -1: Bruce Protocol

Stage Duration (min) Speed (MPH) Grade (%)
1 3 1.7 10

2 3 2.5 12

3 3 3.4 14

4 3 4.2 16

5 3 5 18

6 3 5.5 20

7 3 6 22

Table-2: Data from patients with no chronic disease and no known coronary artery disease

no gender age Daily routine Recurring complaints Marital 
status

Time between two stress 
test(months)

Family history of coronary 
artery disease

1 male 57 sporty Left shoulder pain married 40 yes

2 male 55 sporty Chest pain married 42 yes

3 female 52 sedentary syncope married 39 no

4 male 53 sedentary Chest pain single 41 yes

5 male 57 sporty Left shoulder pain single 40 yes

6 female 50 sporty syncope married 40 no

7 female 49 sporty ECG changes 41 no

8 female 53 sedentary syncope married 39 yes

9 male 49 sedentary Chest pain single 38 no

10 male 50 sedentary Chest pain single 38 no

11 female 51 sedentary
Left shoulder pain, 

syncope
married 40 yes

12 male 51 sporty Chest pain married 41 yes

13 male 57 sedentary Chest pain married 40 yes

14 female 55 sporty ECG changes married 40 no

15 female 56 sporty syncope married 39 no

16 male 57 sporty Chest pain married 39 no

17 male 57 sporty Chest pain single 41 yes

18 male 49 sedentary ECG changes married 42 yes

19 female 51 sedentary syncope married 42 no

20 male 52 sporty Left shoulder pain married 40 yes

21 male 55 sporty Chest pain married 41 no

22 male 57 sedentary Chest pain single 41 no

23 female 49 sedentary ECG changes, syncope married 40 no

24 female 52 sporty syncope married 39 yes

25 female 53 sporty Chest pain, syncope single 39 yes

26 male 55 sporty Chest pain single 38 no

27 male 57 sporty Chest pain married 38 yes

Table-3: Changes in maximal oxygen consumption, heart rate index, ejection fraction, and body mass index  
values   in patients diagnosed with post-Covid-19 syndrome.

before Covid-19 infection post Covid-19 infection p

Maximal oxygen consumption (kg/ml/min) 43 (28-44) 37 (26-38) 0,0005

heart rate index 2,5 (2,4-2,6) 2,4 (2,3-2,6) 0,0005

Ejection fraction 57 (55-59) 56 (55-59) 0,459

Body mass index 22,9 (19,7-24,9) 23,2 (19,6-24,8) 0,684

In patients whose metabolic equivalent (MET) was deter-
mined according to BP, this value was multiplied by 3.5 to 
obtain VO2max (13). HRI value is the ratio of exercise heart 
rate to resting heart rate (13). Information and consent 
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Discussion

COVID-19 coronavirus disease causes a severe acute respi-
ratory disease called SARS-Cov-2. This disease is difficult to 
control. In 10-20% of patients who experience the acute 
symptomatic phase, the effects of the disease may contin-
ue after 12 weeks. Available evidence regarding PCS is in-
creasing day by day (14). PCR was negative in all 27 pa-
tients included in our study after acute infection between 
June and August 2021. The coronavirus responsible for 
SARS-Cov-2 infection causes acute respiratory infection 
and atypical pneumonia, which can potentially develop 
into a serious illness. In the infection that emerged in 
Wuhan city on December 31, 2019, and spread all over the 
world, clinical findings after COVID treatment lasted lon-
ger than 1 month in 10-20% of patients (15). In PCS; head-
ache, confusion, inability to perform daily physical tasks, 
stress, depression and insomnia. Additionally, as in our pa-
tients, fatigue and pain may be prominent throughout the 
body. Although some medications have been tried, these 
long-standing complaints have not disappeared (14). 
Anamneses such as decreased exercise capacity and short-
ness of breath revealed the need to test patients for CAD.  

Statistics

Continuous variables that were not normally distribut-
ed are expressed as medians (minimum and maximum). 
Categorical variables are expressed as case numbers and 
percentages. The Wilcoxon test was used to compare con-
tinuous variables before and after COVID-19 infection. A 
p-value of <0.05 was considered statistically significant.

Results

11 (40.7%) of the cases were female. The median age of 
the patients was 53 (49-57) years. VO2max and HRI val-
ues calculated before COVID-19 infection in our patients 
with PCS were higher than those calculated later. VO2max 
value in the same patient group, respectively, before and 
after COVID infection, calculated as 43 (28-44) and 37 (26-
38) (p:0.0005). The HRI value is, respectively; calculated as 
2.5 (2.4-2.6) and 2.4 (2.3-2.6) (p:0.0005). A significant de-
crease was observed in VO2max and HRI values in patients 
with COVID-19 infection and whose complaints persisted 
at the end of the acute phase. According to our findings, 
the aerobic capacity was reduced in our PCS patients.  The 
findings are summarized in Table 3.

Figure 1: Sections of left ventricular walls in myocardial perfusion scintigraphy.
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workload increases. It is the amount of oxygen that the 
body can use in 1 min during exercise at maximum inten-
sity. The amount of oxygen that the muscle can take from 
the blood and use depends on the blood coming to it and 
the oxygen content of the blood. VO2max is determined 
by the maximum amount of oxygen reaching the tissue. 
The higher the running speed, the higher the oxygen con-
sumption. According to the results of our study, the prom-
inent complaint of fatigue in our PCS patients was evalu-
ated as compatible with the decrease in aerobic capacity. 
HR and breathing accelerate. VO2max is determined by 
expressing the amount of O2 expended per minute in vol-
ume (L) or by measuring the amount of oxygen taken in 1 
min per kilogram of body weight in milliliters. Normally, 
the VO2max value in women is slightly lower than that in 
men. There were similar results in our study. Although 
VO2max values were within normal limits in our study, 
there was a significant difference between the two stud-
ies. The higher the VO2max value, the higher the aerobic 
capacity. VO2max is a feature that improves with training. 
Sedentary living during the pandemic may have de-
creased aerobic capacity. Our patients those who lead 
sedentary lives. Patients above 7 METS are generally as-
ymptomatic in their daily activities. To exclude coronary 
artery disease in our patients, it is important to be able to 
evaluate heart wall perfusion, EDV, ESV, and EF by per-
forming MPS imaging in our patients who underwent the 
Bruce protocol (3). There were no findings consistent with 
CAD in our patients’ MPS results and ECG follow-ups. Tc-
99m-MIBI is a radiopharmaceutical used for intravenous 
stress and rest imaging in MPS. Iterative reconstruction 
methods were used. Thus, attenuation, scattering, and 
blurriness were corrected. Stress testing is used in many 
clinics to evaluate cardiovascular risk (18). Exercise capac-
ity is a proven prognostic marker of cardiovascular events 
and mortality (19). There is a linear relationship between 
oxygen consumption and HR (20). Body morphology is 
important for maximum performance (21). Unlike fat 
mass, increasing muscle mass increases performance (22). 
There was no significant difference between the two stud-
ies in terms of the body mass index (BMI) of our patients. 
VO2max is the maximum amount of oxygen that the body 
can use per kilogram in liters/minute against increasing 
workload. A linear relationship exists between workload 
and oxygen consumption. As exercise intensity increases, 
oxygen consumption also increases after reaching a pla-
teau and being unable to consume more oxygen, and this 
point is VO2max. VO2max measurements are also used to 
determine aerobic capacity and fitness in athletes. 
Calculating VO2max with the formula. Laboratory tests re-
quire expensive teams and equipment (23). METS can be 

Therefore our patients were referred to the Nuclear 
Medicine clinic for MPS imaging. Imaging areas in nuclear 
cardiology include assessments of myocardial perfusion 
and global ventricular function. Exercise stress is preferred 
in patients who can exercise adequately. One of the most 
critical aspects of MPS examination is the ability to visual-
ize myocardial perfusion under maximum stress. In pa-
tients with CAD, a homogeneous distribution of resting 
myocardial blood flow can be observed, up to a degree of 
coronary artery stenosis of up to 90% (16). Therefore, per-
forming the stress test with optimum quality is crucial for 
visualizing myocardial ischemia (2). In our nuclear medi-
cine clinic, our patients were subjected to a stress test by 
an experienced team. During exercise testing, the heart 
rate and contractility increase to meet the increased pe-
ripheral oxygen demand. The maximum physiological ox-
ygen limit that the muscles in the body can reach is 15-17 
ml/100 ml. This is also called aerobic capacity and is ex-
pressed as VO2max. With gradually increasing exercise, 
the VO2max curve reaches a plateau toward the end of 
exercise (3). All patients reached 100% of their maximum 
heart rate (HRmax), calculated according to the 220-age 
formula. ECG monitoring was performed during the test. 
VO2max, or maximum oxygen consumption, refers to the 
use of oxygen that reaches a certain maximum level as the 
workload or active muscle mass involved in exercise in-
creases. The unit of VO2max is ml/kg/min. The metabolic 
equivalent (MET) value was obtained by dividing VO2max 
by 3.5. VO2max was calculated based on the time (T) to 
reach the maximum heart rate according to the Bruce pro-
tocol (Table 1). These calculation methods are reliable (3). 
In our study, VO2max was obtained using the calculation 
method. The same calculation method was used in both 
the compared studies. No significant difference was found 
between measurement studies performed using analyz-
ers and indirect calculation methods. The calculation 
method using formulas is preferred because it is easier to 
implement, practical, and has low cost. All of our patients 
reached 100% of the maximum heart rate calculated ac-
cording to the 220-age formula by exercising at an ade-
quate level between 8 and 10 METs, with the speed and 
incline increasing every 3 min according to blood pres-
sure. Treadmill testing was terminated because of burn-
out. It is very important to be able to adequately stress the 
patient in MPS imaging. The pharmacological stress meth-
od is used in patients who cannot reach 85% of the maxi-
mum heart rate or cannot reach a sufficient METS value 
(17). VO2max; It is the highest amount of oxygen that an 
individual can use during an exercise that involves large 
muscle groups and increases in intensity. After a certain 
point, oxygen use remains the same even though the 
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calculated using HRI. VO2max can be obtained by multi-
plying METS by 3.5 (13). None of our patients were hospi-
talized during or after the acute infection. 200 different 
symptoms have been described in PCS (3). COVID-19 can 
have many clinical findings due to multiple organ involve-
ment. Meta-analysis studies have shown the long-term 
effects of COVID-19 infection (24-25). Shortness of breath, 
smell and taste disorders, fatigue, neuropsychological 
symptoms, headache, memory loss, slow thinking, anxi-
ety, depression, and sleep disturbance are the most com-
mon symptoms. Musculoskeletal complaints are also 
common. Few studies prospectively evaluate the long-
term effects of COVID-19 infection (26-27). 80% of pa-
tients have more than one There are symptoms (25). 
Fatigue, myalgia, sleep disorder, and memory impairment 
are more common (3,28). These findings were also ob-
served in our patients. The factor that most reduces the 
quality of life of people with PCS is fatigue. According to 
the results of our study, this may be due to a decrease in 
the aerobic capacity. This fatigue also has a neurocogni-
tive aspect (3,28). Patients say that this limits their normal 
work activities. There are multiple mechanisms underly-
ing PCS. Because of diseases accompanied by genetic fac-
tors, COVID-19 may increase existing lesions in target or-
gans or acute COVID-19 organ failure may occur. There 
may be changes in the immune response to viruses or vi-
ral mechanisms (29). Cytokine storm, i.e., innate patholog-
ical and exaggerated immune response, causes a serious 
clinical picture. Persistent autoantibodies may have 
formed in self-limiting forms. Thromboembolic complica-
tions occur because of alterations in the function of the 
vascular endothelium (30). The continuation of endotheli-
al inflammatory mechanisms may cause chronic symp-
toms. Our patients were diagnosed with PCS after long 
clinical evaluations. The duration of the acute phase is im-
portant for defining PCS. However, although the existing 
psychological and other changes are due to COVID-19, 
atypical findings in patients may prevent the diagnosis of 
PCS by thinking that it is another disease or bacterial in-
fection. COVID-19 symptoms such as fatigue, headache, 
myalgia, and chills can be stimulated after mRNA-based 
vaccines. Patients usually improve over time. Some may 
get worse. There is no specific treatment for PCS. Acute 
phase treatment and prevention are performed. 
Montelukast, naltrexone, hyperbaric oxygen, and super-
vised exercise were administered. There is no current evi-
dence regarding the role of a nutritional approach or 
physical exercise in relieving symptoms. Physical exercise 
can reduce not only acute symptoms but also long-term 
symptoms. It aims to alleviate symptoms, provide hope, 
and provide faster recovery (14).

Conclusion

Data on the cardiac effects of COVID-19 infection are very 
limited. CAD, existing or probably present before infec-
tion in patients, is confusing to determine the cause of 
cardiac effects. It is meaningful to evaluate the prolonged 
effects of COVID-19 in patient groups that were evaluat-
ed for cardiac aspects before infection. PCS complaints 
are accompanied by a decrease in the aerobic capacity. 
Identifying the cause of symptoms will enable us to de-
velop new prevention and treatment methods. VO2max 
and HRI values can be used in patient follow-up in PCS. 
Prospective studies are required in this regard.

Abbreviations

PCS: post-COVID-19 syndrome

VO2max: oxygen consumption at maximum workload

HR: Heart rate

HRI: Heart rate index

MPS: myocardial perfusion scintigraphy

BP: Bruce Protocol

EDV: end-diastolic volume

ESV: end-systolic volume

EF: ejection fraction

CAD: coronary artery disease

BMI: body mass index

MET: metabolic equivalent

Ethics Approval And Consent To Participate
Our retrospective study was approved by Gaziosmanpaşa 
Training and Research Hospital Ethics Committee with 72 
numbers on 08.06.2022.

Human And Animal Rights
No animals were used for studies that are the basis of this 
research. All human procedures followed were in accor-
dance with the guidelines of the Helsinki Declaration of 
1975.

Consent For Publication
Informed consent was obtained from all participants of 
this study.

Availability Of Data And Materials
Not applicable.

Funding
None.



Ceylan Sule

Acıbadem Univ. Sağlık Bilim. Derg. 2024; 15 (2) 127-133 133

15. Ruegsegger GN, Booth FW. Health Benefits of Exercise. Cold 
Spring Harb Perspect Med. 2018 Jul 2;8(7):a029694. DOI: 10.1101/
cshperspect.a029694 

16. Seitun S, De Lorenzi C, Cademartiri F, et al. CT Myocardial Perfusion 
Imaging: A New Frontier in Cardiac Imaging. Biomed Res Int. 2018 
Oct 14;2018:7295460. DOI: 10.1155/2018/7295460. 

17. Henzlova MJ, Duvall WL, Einstein AJ, et al. ASNC imaging guidelines 
for SPECT nuclear cardiology procedures: Stress, protocols, 
and tracers. J Nucl Cardiol 2016;23:606-639. DOI: 10.1007/
s12350-015-0387-x.

18. Harb SC, Wang TKM, Cremer PC, et al. Associations between 
cardiorespiratory fitness, sex and long term mortality amongst 
adults undergoing exercise treadmill testing. International Journal 
of Cardiology 342 (2021); 103-107. DOI: 10.1016/j.ijcard.2021.07.063

19. Harb SC, Marwick TH. Prognostic value of stress imaging after 
revascularization: a systematic review of stress echocardiography 
and stress nuclear imaging. Am Heart J. 2014 Jan;167(1):77-85. DOI: 
10.1016/j.ahj.2013.07.035

20. Mandsager K, Harb S, Cremer P, et al. Association of Cardiorespiratory 
Fitness With Long-term Mortality Among Adults Undergoing Exercise 
Treadmill Testing. JAMA Netw Open. 2018 Oct 5;1(6):e183605. DOI: 
10.1001/jamanetworkopen.2018.3605

21. Bjelica D, Gardasevic J, Vasiljevic I. Morphological Characteristics 
and Body Composition of Football Players FC Sutjeska and FC 
Mladost in Montenegro (March 11, 2018). http://dx.doi.org/10.2139/
ssrn.3138134

22. Gardasevic J, Bjelica D. Body Composition Differences between 
Football Players of the Three Top Football Clubs. International 
Journal of Morphology. 2020;38(1), 153-158. DOI: 10.4067/
S0717-95022020000100153

23. Colosio AL, Lievens M, Pogliaghi S, Bourgois JG, Boone J. Heart rate-
index estimates aerobic metabolism in professional soccer players. 
Journal of science and medicine in sport. 2020;23(12):1208-14. DOI: 
10.1016/j.jsams.2020.04.015

24. Fazackerley LA, Fell JW, Kitic CM. The effect of an ultra-endurance 
running race on heart rate variability. European journal of 
applied physiology. 2019;119(9):2001-2009. DOI: 10.1007/
s00421-019-04187-6

25. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More than 50 
Long-term effects of COVID-19: a systematic review and meta-analysis. 
medRxiv [Preprint]. 2021 Jan 30:2021.01.27.21250617. Update in: Sci 
Rep. 2021 Aug 9;11(1):16144. DOI: 10.1101/2021.01.27.21250617

26. Hoshijima H, Mihara T, Seki H, et al. Incidence of long-term post-
acute sequelae of SARS-CoV-2 infection related to pain and other 
symptoms: A systematic review and meta-analysis. PLoS One. 2023 
Nov 29;18(11):e0250909. DOI: 10.1371/journal.pone.0250909

27. Garrigues, E.; Janvier, P.; Kherabi, Y.; Le Bot, A.; Hamon, A.; Gouze, 
H.; Doucet, L.; Berkani, S.; Oliosi, E.; Mallart, E.; et al. Post-discharge 
persistent symptoms and health-related quality of life after 
hospitalization for COVID-19. J. Infect. 2020, 81, e4–e6. DOI: 
10.1016/j.jinf.2020.08.029

28. Sykes DL, Holdsworth L, Jawad N, et al. Post-COVID-19 Symptom 
Burden: What is Long-COVID and How Should We Manage It? Lung 
2021,199(2);113–119. DOI: 10.1007/s00408-021-00423-z 

29. Chopra V, Flanders SA, O’Malley M, et al. Sixty-Day Outcomes 
Among Patients Hospitalized With COVID-19. Ann Intern Med. 2021 
Apr;174(4):576-578. DOI: 10.7326/M20-5661 

30. Sokolowska M, Lukasik ZM, Agache I, et al. Immunology of COVID-19: 
Mechanisms, clinical outcome, diagnostics, and perspectives—A 
report of the European Academy of Allergy and Clinical Immunology 
(EAACI). Allergy 2020,75(10); 2445–2476. DOI: 10.1111/all.14462

Conflict Of Interest 
The authors declare no conflicts of interest, financial or 
otherwise.

Acknowledgements
Declared none.

References

1.  Ducharme J, Gibson A, McKenna Z, et al. Does heart rate response 
confirm the attainment of maximal oxygen uptake in adults 45 years 
and older? European Journal of Applied Physiology. 2021;121(2):445-
52. DOI: 10.1007/s00421-020-04522-2

2.  Canbaz Tosun F, Ozdemir S, Sen F, et al. Myocardial Perfusion SPECT 
Procedure Guideline. Nuclear Medicine Seminars 2020;6:90-134. 
DOI:10.4274/nts.galenos.2020.0010

3.  Davis HE, Assaf GS, McCorkell L, et al. Characterizing long COVID 
in an international cohort: 7 months of symptoms and their 
impact. EClinicalMedicine. 2021 Aug;38:101019. DOI: 10.1016/j.
eclinm.2021.101019

4.  COVID-19 rapid guideline: managing the long-term effects of 
COVID-19. London: National Institute for Health and Care Excellence 
(NICE); 2020 Dec 18. PMID: 33555768. https://www.ncbi.nlm.nih.gov/
books/n/nicecollect/

5.  O’Mahoney LL, Routen A, Gillies C, et al. The prevalence and 
long-term health effects of Long Covid among hospitalised and 
non-hospitalised populations: A systematic review and meta-
analysis. EClinicalMedicine. 2022 Dec 1;55:101762. DOI: 10.1016/j.
eclinm.2022.101762. 

6.  Fox SE, Lameira FS, Rinker EB, et al. Cardiac Endotheliitis and 
Multisystem Inflammatory Syndrome After COVID-19. Ann Intern 
Med 2020; 15;173(12):1025-1027. DOI: 10.7326/L20-0882. 

7.  Chen N, Zhou M, Dong X, et al. Epidemiological and clinical 
characteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study. Lancet 2020; 395:507-513. DOI: 
10.1016/S0140-6736(20)30211-7 

8.  Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality 
of adult inpatients with COVID-19 in Wuhan, China: a retrospective 
cohort study. Lancet 2020; 395:1054-1062. DOI: 10.1016/
S0140-6736(20)30566-3

9.  Sala S, Peretto G, Gramegna M, et al. Acute myocarditis presenting 
as a reverse Tako-Tsubo syndrome in a patient with SARS-CoV-2 
respiratory infection. Eur Heart J 2020; 41:1861-1862. DOI: 10.1093/
eurheartj/ehaa286

10. Caforio ALP, Baritussio A, Basso C, et al. Clinically Suspected and 
Biopsy-Proven Myocarditis Temporally Associated with SARS-
CoV-2 Infection. Annu Rev Med 2022; 73:149-166. DOI: 10.1146/
annurev-med-042220-023859

11. Talar K, Hernández-Belmonte A, Vetrovsky T, et al. Benefits of 
Resistance Training in Early and Late Stages of Frailty and Sarcopenia: 
A Systematic Review and Meta-Analysis of Randomized Controlled 
Studies. J. Clin. Med. 2021,10(8);1630. DOI: 10.3390/jcm10081630 

12. Tilkemeier PL, Bourque J, Doukky R, et al. ASNC imaging guidelines 
for nuclear cardiology procedures: Standardized reporting of 
nuclear cardiology procedures. J Nucl Cardiol 2017;24:2064-2128. 
DOI: 10.1007/s12350-017-1057-y

13. Wicks JR, Oldridge NB, Nielsen LK, Vickers CE. HR index--a simple 
method for the prediction of oxygen uptake. Medicine and 
science in sports and exercise. 2011;43(10):2005-12. DOI: 10.1249/
MSS.0b013e318217276e

14. Jimeno-Almazán A, Pallarés JG, Buendía-Romero Á, et al. Post-
COVID-19 Syndrome and the Potential Benefits of Exercise. Int J 
Environ Res Public Health. 2021 May 17;18(10):5329. DOI: 10.3390/
ijerph18105329 

https://dx.doi.org/10.2139/ssrn.3138134
https://dx.doi.org/10.2139/ssrn.3138134
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/3
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/3
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/3
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/20
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/20
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/20
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/54
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/54
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/54
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/91
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/91
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/91
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/35
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/35
https://www.uptodate.com/contents/covid-19-cardiac-manifestations-in-adults/abstract/35

	Button 5: 


