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Introduction: Coronavirus disease-2019 (COVID-19) causes several cardiovascular (CV) complications. The cycle threshold (Ct) value of reverse 
transcription-polymerase chain reaction is inversely related to the viral load. Thus, it could be used as a predictor of outcomes. We aimed to present 
the risk factors for developing CV events and to determine whether the Ct value can be used as a predictor of CV events in patients with COVID-19.
Materials and Methods: This case-control study included 296 hospitalized patients with a confirmed COVID-19 infection. The patients were divided 
into two groups based on the occurrence of CV events: cardiac (n=60) and non-cardiac (n=236). The clinical manifestation, comorbidities history, 
and laboratory and radiographic findings were compared between the two groups. In order to assess the link between CV complications and Ct 
values while controlling for confounders, binary logistic regression analysis was used. The receiver operating characteristic (ROC) curve analysis was 
used for estimating the cut-off Ct value for predicting the occurrence of CV events.
Results: Approximately 50% of the patients were male. The mean age was 60.85±19.57 years. Binary logistic regression analysis demonstrated 
that a lower Ct value at the time of admission [odds ratio (OR)=0.836, 95% confidence interval (CI): 0.753-0.928, p=0.001], higher troponin level 
(OR=1.209, 95% CI: 1.050-1.392, p=0.008), smoking history (OR=7.336, 95% CI: 3.34-16.114, p<0.001), advanced age (OR=1.022, 95% CI: 1.001-
1.044, p=0.039), and the male sex (OR=2.742, 95% CI: 1.271-5.919, p=0.010) were independent risk factors of CV events in patients with COVID-19. 
The median Ct for all participants was 24.6 (21-28). The Ct value demonstrated a sensitivity of 72%, specificity of 72%, negative predictive value 
of 91%, and positive predictive value of 40% for the prediction of CV complications at a cut-off value of 23, according to an ROC curve analysis.
Conclusion: A Ct of <23 at the time of admission for COVID-19 could predict the risk of a CV event. Thus, if patients with risk factors for CV events 
have a Ct of <23 Ct on admission, they should be evaluated by a competent COVID-19 heart team.
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Giriş: Koronavirüs hastalığı-2019 (COVID-19) enfeksiyonu çeşitli kardiyovasküler komplikasyonlara neden olabilir. Bilindiği gibi, revers-transkriptaz 
polimeraz zincir reaksiyonunun (RT-PCR) döngü eşik (Ct) değeri, viral yük ile ters orantılıdır ve bu nedenle COVID-19 prognozu açısından fikir 
verebilir. Bu çalışmada Ct değerinin COVID-19 hastalarında kardiyovasküler olay gelişiminde bir öngörücü olarak kullanılıp kullanılamayacağını 
araştırmayı amaçlıyoruz.
Gereç ve Yöntem: Bu çalışma tek merkezde yapılan, retrospektif bir olgu-kontrol çalışmasıdır. Çalışmaya COVID-19 RT-PCR pozitif olan ve hastaneye 
yatırılmış 296 hasta dahil edildi. Kardiyovasküler olayların oluşumuna göre katılımcılar iki gruba ayrıldı (n=60 kardiyak grup, n=236 kardiyak olmayan 
grup). İki grup arasında klinik bulgular, kronik hastalık öyküsü, laboratuvar ve radyolojik bulgular karşılaştırıldı. Karıştırıcı değerleri kontrol altında 
tutarak kardiyovasküler olaylar ile Ct değerleri arasındaki bağlantıyı değerlendirmek için binary lojistik regresyon analizi kullanıldı. Kardiyovasküler 
olayların oluşumunu gösteren Ct cut-off değerini tahmin etmek için ROC analizi yapıldı.
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Introduction

The Coronavirus disease-2019 (COVID-19) pandemic first broke 
out in China in December 2019, and it is still ongoing[1]. The 
gold standard for the diagnosis of COVID-19 is real-time reverse 
transcription-polymerase chain reaction (RT-PCR)[2]. The cycle 
threshold (Ct) values are used to measure the amplification in RT-
PCR. The Ct value is the number of cycles at which fluorescence 
of the PCR product is detectable over and above the background 
signal. Several PCR assays use 40 as the Ct cut-off for the test 
to be considered positive. The Ct value is inversely related to the 
viral load[3]. Thus, it can be used as a predictor of the severity 
and outcomes of COVID-19[4].

Coronavirus disease-2019 causes numerous cardiovascular (CV) 
complications. Cardiac arrest, myocarditis, myocardial injury, 
cardiomyopathy, arrhythmias, and heart failure are the most 
common CV complications[5]. The main mechanism underlying 
the CV events may be the serious systemic inflammation 
associated with the COVID-19 infection[6]. Recent studies 
have demonstrated that COVID-19 infection-associated heart 
damage is associated with morbidity and mortality[7].

If patients at a high risk of developing CV events can be 
identified early, the management of COVID-19 could improve. 
Thus, we needed to identify which patients with COVID-19 
developed cardiac events. A study showed thatgender, race, a 
lower SaO2/FiO2 ratio, a higher serum potassium concentration, 
a lower serum albumin concentration, and the presence of 
comorbidities were associated with the occurrence of CV events 
in patients with COVID-19[8]. Several risk assessment systems 
have been used to predict adverse events in patients with 
COVID-19. However, cardiac events cannot be predicted before 
the appearance of symptoms.

Through this study, we aimed to present the risk factors 
associated with the development of CV events and determine 
whether the Ct values of RT-PCR on admission can be used as a 
predictor of CV events in patients with COVID-19.

Materials and Methods

Study Design, Clinical Management, and Data Collection

This was a single-center case-control study conducted in İzmir, 
Turkey, which included patients with confirmed COVID-19 
infections from January 2020 to August 2022. The patients 
were included in the study if they had a positive Severe acute 
respiratory syndrome-Coronavirus 2 (SARS-CoV-2) RT-PCR 
test, were inpatients, and were aged ≥18 years. The patients 
were divided into two groups: non-cardiac (those who did 
not experience any cardiac events) and cardiac (those who 
experienced a cardiac event during the COVID-19 infection). 
A sample size of 280 was determined using G-Power (version 
3.1.9.7; Düsseldorf, Germany), with 99% power and 5% type-1 
error[9].

In this study, the primary outcome variable of interest was any 
CV event. CV events were defined as any cardiac complications 
(heart failure, myocardial injury, cardiomyopathy, myocarditis, 
arrhythmias, pulmonary embolism, deep vein thrombosis, and 
cardiac arrest) that were diagnosed at the time of hospitalization 
for COVID-19 or within one month after discharge.

Demographic/laboratory data, comorbidities history, clinical 
manifestations, laboratory values, and Ct results were obtained 
from the electronic medical records of the participants.

The upper limits of all biochemical test parameters were based 
on the reference limits that were determined by the hospital’s 
biochemistry laboratory. The computed tomography (CT) results 
were classified according to the “CT severity index”: mild (Score 
1), <5%; moderate [Score 2 (5-25%) and Score 3 (26-50%)]; and 
severe [Score 4 (51-75%) and Score 5 (>75%)][5].

The other outcome that was studied was the Ct value of the 
patient’s SARS-CoV-2 RT-PCR at the time of admission. The 
patients were followed up according to the Turkish Ministry 
of Health’s COVID-19 Guidelines. This study was approved by 
the Institutional Review Board and the Research and Ethics 
Committee of the Bozyaka Training and Research Hospital (no: 
2022/135; date: 14.09.2022).

Bulgular: Hastaların yaklaşık %50’si erkekti. Ortalama yaş 60,85±19,57 idi. Daha önce kronik kalp hastalığı geçirme öyküsü kardiyak grupta 
istatistiksel olarak daha yüksekti. Ayrıca yapılan binary lojistik regresyon analizi, başvuru sırasındaki düşük Ct değeri, yüksek troponin düzeyi, sigara 
içme öyküsü, ileri yaş ve erkek cinsiyetin kardiyovasküler olayların ortaya çıkmasıyla yüksek oranda ilişkili olduğunu göstermiştir. Tüm katılımcılar 
için RT-PCR’nin medyan Ct değeri 24,6 çeyrekler arası aralık (21-28) idi. Ct değeri için 23 cutoff değerinin, ROC eğrisi analizine göre kardiyak 
problemlerin tahmini için %72 duyarlılık, %72 özgüllük, %91 negatif öngörü değeri ve %40 pozitif öngörü değerine sahip olduğu gösterildi.
Sonuç: Çalışmamız, hastanede yatan COVID-19 hastalarının kabulünde <23 Ct değerinin, gelişen kardiyovasküler olayları öngörebileceğini 
düşündürmektedir. Sonuç olarak, hastaların kardiyak komplikasyonlar için risk faktörleri varsa ve başvuruda <23 Ct değeri saptanırsa, kardiyovasküler 
komplikasyon gelişimi açısından dikkatli olunmalıdır.
Anahtar Kelimeler: COVID-19, cycle threshold, kardiyak hasar
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SARS-CoV-2 Detection Test

We included patients with a positive RT-PCR test using 
nasopharyngeal specimens. The SphaeraMag® DNA/RNA Isolation 
Kit was Austria, Thalgau, Procomcure Biotech) was used for 
isolating nucleic acids from the nasopharyngeal swabs with an 
automated nucleic acid extraction system. Subsequently, the 
PhoenixDx® SARS-CoV-2 Detection Kit was used for the RT-
PCR. This kit quantifies the SARS-CoV-2 virus by targeting the 
open reading frame 1ab and nucleocapsid protein genes. We 
used the COBAS LightCycler® 480 system (Roche) to determine 
SARS-CoV-2. The typical S-shaped amplification curves of the 
FAM and ROX fluorescence channels and Ct values <40 were 
defined as a positive test result. The Ct levels were recorded 
using this technique in hospitalized individuals with positive 
RT-PCR results.

Statistical Analysis

The continuous variables were described as means±standard 
deviations or medians and interquartile ranges according to 
the Kolmogorov-Smirnov test. The categorical variables were 
described using numbers (n) and percentage (%) distributions. 
The parametric, non-parametric, and categorical data of the 
cardiac and non-cardiac groups were compared using the 
Student’s t-test, Mann-Whitney U test, and chi-square test, 
respectively. A p value of <0.05 was considered statistically 
significant. Variables that were statistically significant in the 
univariate analysis were included in multivariate analysis to 
identify independent risk factors for CV events. The odds ratios 
(OR) and 95% confidence intervals (CI) were estimated using 
binary logistic regression models[6]. The model fit was evaluated 
using the Hosmer-Lemeshow goodness of fit statistics. The 
receiver operating characteristic (ROC) curve analysis was used 
to estimate the Ct cut-off level for predicting the occurrence of 
CV events. The area under the ROC curve (AUC) was calculated 
to evaluate the diagnostic value of the logistic regression model 
and the Ct value. All statistical analyses were performed using 
IBM Statistical Package for the Social Sciences (SPSS) (IBM 
Corp. Released 2019. IBM SPSS Statistics for Windows, version 
26.0. Armonk, NY: IBM Corp).

Results

Patient Characteristics

A total of 296 patients with COVID-19 were included in the 
study. A total of 60 patients met our inclusion criteria in the 
cardiac group, and 236 matched controls were included in the 
non-cardiac group. The baseline characteristics of the patients 
with COVID-19 in the cardiac and non-cardiac groups are 
summarized (Table 1). Approximately 50% of the patients were 
male. The mean age of the participants was 60.85±19.57 years. 
The most commonly occurring comorbidities were diabetes 

mellitus (52%), hypertension (46%), and chronic lung disease 
(22%), respectively. A total of 36 patients (12%) had a history 
of cardiac disease, and 22 of these had coronary artery disease. 
A history of smoking was reported in 66 (22%) patients. The 
mean body mass index (BMI) was 28.2±5.6 kg/m2. A total of 60 
patients developed cardiac complications.

Clinical Outcome

This study included patients hospitalized with COVID-19. Of the 
included patients, 93 (31%) required mechanical ventilation, 
85 (28.7%) required noninvasive ventilation, and 118 (40.3%) 
required nasal cannula oxygen or did not require oxygen. Most 
of the patients presented with fever, dyspnea, and myalgia. The 
most common cardiac complications were cardiac injury (n=37, 
61.6%), heart failure (n=13, 21.6%), arrhythmia (n=4, 6.6%), 
and myocarditis (n=3, 5%).

There were no differences in the clinical manifestations or 
comorbidities between the cardiac and non-cardiac groups. 
However, a prior history of chronic heart disease was 
statistically higher in the cardiac group than in the non-
cardiac group (p<0.001). The cardiac group had more males, 
older patients, and a positive smoking history than the non-
cardiac group (p=0.018, p=0.001, and p<0.001, respectively). 
However, there was no difference in the need for invasive 
mechanical ventilation and the patient’s BMI between the two 
groups (p=0.791).

The laboratory and radiographic findings of the patients in 
the cardiac and non-cardiac groups at the time of admission 
are summarized in Table 2. There were no differences in the 
laboratory values between the two group, except for the 
troponin and Ct values (p<0.001 and p<0.001, respectively), 
which was statistically higher in the cardiac group than in the 
non-cardiac group (p<0.001). The median Ct value was 24.6 (21-
28) for all patients, 21.1 (20-23.7) in the cardiac group, and 25.6 
(22-29) in the non-cardiac group.

Binary logistics regression analysis revealed that a lower Ct value 
on admission (OR=0.836, 95% CI: 0.753-0.928, p=0.001), higher 
troponin levels (OR=1.209, 95% CI: 1.050-1.392, p=0.008), 
smoking history (OR=7.336, 95% CI: 3.34-16.114, p<0.001), 
advanced age (OR=1.022, 95% CI: 1.001-1.044, p=0.039) 
and male sex (OR=2.742, 95% CI: 1.271-5.919, p=0.010) were 
independent risk factors for CV events in patients with COVID-19 
(Table 3).

The Ct value demonstrated a sensitivity of 72%, specificity of 
72%, negative predictive value of 91% and positive predictive 
value of 40% for the predicting cardiac complications at a cut-
off value of 22.95, according to the ROC curve analysis. The 
AUC was 0.764 (95% CI: 0.7-0.828; p<0.001). Evaluation of 
the diagnostic value of the logistic regression model with the 
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ROC curve analysis, revealed an AUC of 0.903 (95% CI: 0.864-
0.942; p<0.001) (Figure 1). There was a statistically significant 
relationship between a lower Ct level at the time of admission 
and the occurrence of CV events.

Discussion

Coronavirus disease-2019 continues to affect the whole world 
and causes several complications. CV events may be the most 
important complications because there is reportedly an increase 
in the mortality rate when the COVID-19 infection is associated 
with a CV event. The main mechanisms underlying CV events in 
COVID-19 infections may be the high inflammatory burden and 
microvascular dysfunction[10]. The SARS-CoV-2 virus reportedly 
causes microvascular dysfunction via the ACE2 transmembrane 
protein[11].

The CV event could manifest as several clinical characteristics, 
such as myocardial injury (acute coronary syndrome and acute 
myocardial infarction), myocarditis, cardiac arrhythmia, cardiac 
arrest, venous thromboembolic disease, and heart failure[12]. 
In this study the most common manifestation was myocardial 
injury.

Considering the increase in mortality and morbidity caused, 
it would be very valuable to predict CV complications in 
patients with COVID-19. Thus, several studies have sought 

Table 1. Baseline characteristics of patients with COVID-19 who did and did not develop CV events

Variables
Patients who did not 
developed cardiac 
complications (n=236)

Patients who developed 
cardiac complications 
(n=60)

p value

Age, mean±SD 59±20.61 68±12.37 0.001

Sex, n (%)
0.018Female 127 (53.8) 22 (36.7)

Male 109 (46.2) 38 (63.3)

BMI, mean±SD 28.3 (5) 28.1 (6) 0.791

Clinical history, n (%)

Chronic heart disease 18 (7.6) 18 (30) <0.001

Cancer 6 (2.5) 2 (3.3) 0.736

Diabetes mellitus 133 (56) 21 (35) 0.157

Hypertension 106 (45) 30 (50) 0.480

Chronic lung diseases 46 (19.4) 18 (30) 0.077

Chronic kidney disease 5 (2) 2 (3.3) 0.580

Smoking history 30 (12.7) 36 (60) <0.001

Cerebrovascular disease 2 (0.8) 1 (1.7) 0.296

Clinical manifestation, n (%)

Fever 102 (43.2) 25 (41.7) 0.828

Cough 21 (8.9) 3 (5) 0.432

Dyspnea 82 (34.7) 20 (33.3) 0.837

Chest pain 18 (7.6) 5 (8.3) 0.855

Myalgia 52 (22) 20 (33.3) 0.069

Headache 14 (5.9) 2 (3.3) 0.426

Data are presented as mean±SD or n (%). The p values were calculated using the Student’s t-test, chi-square test, or Fisher’s exact test, as appropriate.

COVID-19: Coronavirus disease-2019, CV: Cardiovascular, SD: Standard deviation, BMI: Body mass index 

Figure 1. ROC curve analysis of the logistic regression model for 
the performance of Ct value in predicting the cardiac complication

ROC: Receiver operating characteristic, Ct: Cycle threshold
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to identify the risk factors of CV events among patients with 
COVID-19. One study attempted to identify the risk factors 
using with Framingham risk scores[13,14]. In some studies, older 
age and presence of comorbidities (hypertension, coronary 
heart disease, and chronic obstructive pulmonary disease) 
were found to be predictors of CV events[15,16]. Furthermore, a 
binary multiple logistics analysis demonstrated that the male 
sex, race, and CV comorbidities were highly associated with 
the occurrence of CV events in patients with COVID-19[17]. 
A retrospective cohort analysis demonstrated that higher 
potassium levels and lower albumin levels were associated 
with CV events in patients with COVID-19[18]. However, in 

some studies, there were no statistically significant differences 
in the laboratory findings between patients did and did not 
develop CV events[19].

Our binary logistics regression analysis revealed that a higher 
troponin level, presence of smoking history, advanced age, and 
the male sex were highly associated with the occurrence of CV 
events in patients with COVID-19. These findings are similar to 
those of several recent studies. However, they are not enough 
to determine the risk of developing CV events in patients with 
COVID-19.

Table 2. Laboratory and radiographic findings of patients with COVID-19 who did and did not develop CV events at the time of 
admission

Variables Patients who developed cardiac 
complications (n=236)

Patients who did not develop cardiac complications 
(n=60) p value

Laboratory findings

WBC, 109/l 7.21 (6.25-9.42) 7.65 (6.95-9.78) 0.421

Lymphocytes, 109/l 1.32 (0.7-1.7) 1.48 (0.82-1.94) 0.582

CRP, mg/l 27 (15-130) 23 (22-102) 0.722

D-dimer, mg/l 480 (280-880) 510 (320-700) 0.813

Ferritin, ng/ml 182.5 (448.75) 121 (273.75) 0.134

Troponin ng/ml 0.1 (0.1-0.2) 1.5 (0.1-5.05) <0.001

Urea mg/dl 35 (22-62) 33 (25-45) 0.340

Creatinine mg/dl 0.9 (0.6-1.5) 0.9 (0.8-1.2) 0.877

ALT (U/l) 24 (15-44.7) 26 (17.2-44.2) 0.582

AST (U/l) 27.5 (20-51) 25 (20-46.5) 0.984

Ct value 25.6 (22-29) 21.1 (20-23.7) <0.001

Chest CT

Normal 50 (21.2) 16 (26.6)
0.528Mild 64 (27.1) 18 (30)

Moderate 49 (20.8) 13 (21.7)

Severe 73 (30.9) 13 (21.7)

Data are presented as median (IQR) or n (%).

The p values were calculated using the Mann-Whitney U test, chi-square test, or Fisher’s exact test, as appropriate.

COVID-19: Coronavirus disease-2019, CV: Cardiovascular, WBC: White blood cell, CRP: C-reactive protein, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, Ct: Cycle 
threshold, CT: Computed tomography

Table 3. Multivariate logistic regression analysis of the factors associated with CV events
Factor B SE Wald OR (95% CI) p value

Ct value −0.18 0.053 11.318 0.836 (0.753-0.928) 0.001

Troponin level 0.19 0.072 7 1.209 (1.050-1.392) 0.008

Smoking history 1.993 0.401 26.64 7.336 (3.34-16.114) <0.001

Age 0.022 0.011 4.273 1.022 (1.001-1.044) 0.039

Male sex 1.009 0.392 6.607 2.742 (1.271-5.919) 0.010

History of chronic heart disease 0.702 0.506 1.923 2.017 (0.748-5.436) 0.166

Nagelkerke R2: 0.479, Hosmer-Lemeshow test: p=0.749, −2 log likelihood: 191.2, Omnibus test: p<0001

CV: Cardiovascular, SE: Standard error, OR: Odds ratio, CI: Confidence interval, Ct: Cycle threshold
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The Ct depicts the number of cycles at which fluorescence 
of the PCR product is detectable. The Ct value is inversely 
related to the viral load[20]. Bullard et al.[21] suggested that the 
SARS-CoV-2 infectivity reduces when the Ct value becomes 
>24. However, some studies have demonstrated that the Ct 
values are not associated with the COVID‐19 severity[22-24]. The 
Ct value reportedly changes according to when the patients 
was infected and when the RT-PCR was performed. This 
might affect the analysis. A meta-analysis of seven studies 
showed no significant difference in mean Ct values between 
hospitalized and non-hospitalized patients. However, among 
the hospitalized patients, those with Ct values <25 had a 
higher risk of developing a more severe disease and mortality 
than patients with Ct values >30[25]. Therefore, the Ct value 
appears to be more reasonable in terms of demonstrating the 
severity of the infection among hospitalized patients with 
COVID-19.

Recent studies have suggested that the severity of COVID-19 
pneumonia could be a risk factor for the development of 
cardiac symptoms[14]. However, several studies have attempted 
to predict the development of cardiac complications using 
indicators of the severity of COVID-19 infection. Furthermore, 
there are no studies assessing the relationship between Ct 
values and the occurrence of cardiac complications. Thus, this 
study was conducted to determine whether the Ct values can 
be used as a predictor of CV events. Our multiple logistics 
regression analysis revealed that a lower Ct value at the time 
of admission was highly associated with the occurrence of 
CV events in patients hospitalized with COVID-19. The cut-
off Ct value for developing CV events was 23 in our study. 
This result is supported by those of some other studies, where 
the cut-off value for the severity of COVID-19 infection was 
similar[25].

Study Limitations

The most important limitation of this study is that it was a 
retrospective study. The patients characteristics and laboratory 
and radiographic findings were extracted from electronic 
medical records. This may have caused an information bias. 
Another limitation of the study is that only hospitalized patients 
were included. Furthermore, all the CV events may not have 
been diagnosed; the outpatients may have not been diagnosed 
with CV disease. Thus, further studies are required for this topic 
especially including larger populations.

Conclusion

CV complications could occur in the presence of risk factors 
(male sex, advanced age, and smoking history) and a Ct of <23 
at the time of admission in hospitalized patients with COVID-19. 
If these patients are evaluated by a competent COVID-19 

heart team, CV events could be detected early, optimizing the 
management of the COVID-19 outcomes.
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