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ABSTRACT
Objectives: This study aims to investigate the association of clinical and glycemic parameters with  fragmented QRS (fQRS) and frontal 
plane QRS-T (fQRS-T) angle in type 2 diabetes mellitus (DM) patients without a known cardiovascular disease (CVD).
Patients and methods: Between September 2020 and September 2021, a total of 414 consecutive type 2 DM patients (209 males, 
205 females; mean age: 44.7±6.1 years; range,  33 to 61 years) without established CVD were included in this prospective study. The 
patients were divided into two groups according to presence or absence of fQRS on electrocardiography (ECG). Clinical and glycemic 
parameters of patients were compared based on fQRS, fQRS-T angle, and disease duration of DM.
Results: The frequency of fQRS on ECG was 22.9%. The glycated hemoglobin (HbA1c) levels were higher, and DM duration was longer 
in patients with fQRS compared to those without fQRS and in patients with fQRS-T angle >90° compared to patients with fQRS-T angle 
≤90°. The frequency of fQRS and mean fQRS-T angle were significantly higher in patients with DM duration ≥10 years compared to those 
with DM duration <10 years. Multivariate analysis revealed that HbA1c and DM duration were independent predictors of both presence 
of fQRS on ECG (p<0.001 for both) and fQRS-T angle >90° (p<0.001 for both).
Conclusion: The fQRS and fQRS-T angle may predict hyperglycemic status and subclinical cardiovascular involvement in type 2 DM 
patients without known CVDs.
Keywords: Diabetes mellitus, diabetic cardiomyopathy, electrocardiography, fragmented QRS, frontal plane QRS-T angle.

Diabetes mellitus (DM) is a major risk factor for 
cardiovascular diseases (CVDs), and atherosclerotic 
CVD is the leading cause of morbidity and mortality 
in diabetic patients.[1] Besides its role in the accelerated 
and exaggerated atherosclerosis in the coronary 
arteries, DM has also direct toxic effects to the 
myocardium that may cause myocardial fibrosis and 
diabetic cardiomyopathy.[2,3] Therefore, early detection 
and accurate management of subclinical abnormalities 
in the cardiac structure and functions is essential 
for adequate prevention of established CVDs in 
diabetic patients.[4] Electrocardiography (ECG) has 
a crucial role in the diagnosis and monitoring of 
diabetic cardiomyopathy, and several ECG alterations 
can be seen in diabetic patients even when cardiac 
involvement is clinically not yet evident.[5,6] Moreover, 
ECG alterations may independently predict future 
cardiovascular events in patients with DM.[7,8] 
However, no ECG changes have been reported to be 
specific to diabetic cardiomyopathy yet, and little is 
still known regarding the association of clinical and 

glycemic parameters with ECG alterations in diabetic 
patients without known CVDs.

Fragmented QRS (fQRS) and increased frontal 
plane QRS-T (fQRS-T) angle are ECG signs of 
myocardial fibrosis and damage and are independent 
predictors of adverse cardiovascular events in a wide 
variety of patients with and without CVDs.[9-16] More 
importantly, the presence of fQRS on ECG and 
increased fQRS-T angle, particularly an angle >90°, 
seem to be associated with subclinical myocardial 
damage and predict adverse cardiovascular events 
independently in diabetic patients.[17-19] However, the 
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association of glycemic parameters with these ECG 
abnormalities in patients with DM has not been well 
established yet.

In the present study, we aimed to investigate the 
relationship of clinical and glycemic parameters with 
fQRS and fQRS-T angle in diabetic patients without 
known CVDs and to identify the predictors of fQRS 
and increased fQRS-T angle in patients with type 2 
DM in the absence of CVD.

PATIENTS AND METHODS
Study population

This prospective study was conducted at 
Gaziosmanpaşa University School of Medicine, 
Department of Cardiology between September 2020 
and September 2021. A total of 453 consecutive 
patients with known diagnosis of type 2 DM and 
without established CVD were screened. Among these, 
39 patients were excluded due to presence of complete 
or incomplete bundle branch block on ECG. Finally, 
the remaining 414 patients (209 males, 205 females; 
mean age: 44.7±6.1 years; range,  33 to 61 years) were 
included in the study. The patients were divided into 
two groups according to presence or absence of fQRS 
on ECG. Also, patient characteristics were compared 
based on fQRS-T angle and DM duration, and the 
association of clinical and glycemic parameters with 
fQRS and fQRS-T angle was investigated. Clinical 
and demographic characteristics of patients were 
recorded at baseline. Diabetes duration was defined 
based on the patients’ medical records. Biochemical 
analyses were performed using venous blood samples 
obtained after an overnight fasting. Echocardiography 
was performed to all participants to assess the cardiac 
functions. Hypertension was defined as systolic blood 
pressure levels of ≥140 mmHg and/or diastolic blood 
pressure levels of ≥90 mmHg and/or known treatment 
with antihypertensive medications. Diabetes mellitus 
was defined as at least two fasting plasma glucose 
levels of ≥126 mg/dL, or 2-h plasma glucose levels 
of ≥200 mg/dL, or glycated hemoglobin (HbA1c) 
levels of ≥6.5% or known treatment with antidiabetic 
drugs.[20] Smoking was defined as the regular use of 
cigarettes.

ECG, fQRS, and fQRS-T angle

A standard 12-lead surface ECG (Nihon Kohden, 
Tokyo, Japan) using a 0.16 to 100 Hz filter range, 
25 mm/s speed, and 10 mm/mV amplitude was 

obtained from all patients. The fQRS was defined 
as presence of various morphologies in the original 
QRS complex (<120 ms) which included an additional 
R wave (R') or notching in the nadir of the S wave, 
or >1 R' (fragmentation) in two contiguous leads, 
corresponding to a major coronary artery territory.[21] 
The fQRS was reported according to its localization 
on ECG as: fQRS in anterior leads (V1 to V5), 
inferior leads (DII, DIII, and aVF) and lateral leads 
(V6, DI and aVL). The fQRS-T angle, which describes 
the angular difference between depolarization and 
repolarization vectors, was calculated as absolute 
difference between QRS axis and T wave axis 
obtained from automated ECG reports. If the angle 
exceeded 180°, it was calculated by subtracting from 
360°.[12,22] All ECGs were analyzed by two experienced 
independent cardiologists who were totally blinded to 
the study protocol. In case of disagreement regarding 
the presence of fQRS, the final decision was achieved 
by mutual agreement. Figure 1 demonstrates an 
example of fQRS and measurement of fQRS-T angle 
from a 12-lead surface ECG.

Statistical analysis

Statistical analysis was performed using the 
IBM SPSS version 22.0 software (IBM Corp., 
Armonk, NY, USA). Descriptive data were expressed 
in mean ± standard deviation (SD), median 
(min-max) or number and frequency. The normality 
distribution of continuous variables was tested using 
the Kolmogorov-Smirnov or Shapiro Wilk tests. 
Continuous variables were compared using the 
independent samples Student t-test and categorical 
data were compared using chi-square test or Fisher 
exact test. The Spearman or Pearson correlation 
coefficients were used to investigate the relationship 
of clinical and glycemic parameters with fQRS 
and fQRS-T angle. Multivariate logistic regression 
analysis was performed to identify the independent 
predictors of fQRS and increased fQRS-T angle. 
All variables with a p value of <0.1 in the univariate 
analysis were included in the model. A p value of 
<0.05 was considered statistically significant.

RESULTS
The mean DM duration was 4.7±3.3 years and the 

frequency of fQRS on ECG was 22.9%. The patients 
with fQRS were older, had significantly higher fasting 
glucose and HbA1c values, and duration of DM was 
significantly longer compared to those without fQRS. 
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Figure 1. An example of fQRS and measurement of frontal plane QRS-T angle from a 12-lead surface 
electrocardiography.

Table 1
Clinical characteristics of patients with and without fragmented QRS

fQRS (n=95) No fQRS (n=319)
Variables n % Mean±SD n % Mean±SD p
Age (year) 46.5±6.4 44.2±5.9 0.001
Sex

Male
 49 51.6 160 50.2 0.808

Body mass index (kg/m2) 28.1±2.24 27.8±2.04 0.239
Hypertension 39 41.1 128 40.1 0.872
Smoking 27 28.4 96 30.1 0.754
Fasting glucose (mg/dL) 148±20.7 144±11.5 0.019
HbA1c (%) 7.29±0.80 6.90±0.38 <0.001
Diabetes duration (year) 6.86±3.94 4.11±2.85 <0.001
fQRS-T angle (°) 62.39±39.49 53.47±28.90 0.016
Creatinine (mg/dL) 1.04±0.27 0.98±0.30 0.086
Aspartate aminotransferase (U/L) 21.37±6.82 20.80±5.93 0.431
Thyroid-stimulating hormone (μIU/mL) 2.60±0.65 2.48±0.49 0.058
Hemoglobin (g/dL) 12.75±1.10 12.65±1.15 0.482
White blood cell count (¥103/μL) 7.79±1.24 7.53±1.06 0.053

Platelet count (¥103/μL) 262.63±59.16 272.97±56.21 0.121
Triglyceride (mg/dL) 144.56±52.61 140.91±43.84   0.499
LDL-cholesterol (mg/dL) 117.37±30.32 115.82±22.85 0.593
HDL-cholesterol (mg/dL) 41.68±6.14 42.20±4.59 0.370
fQRS: Fragmented QRS; SD: Standard deviation; HbA1c: Hemoglobin A1c; fQRS-T angle: Frontal plane QRS-T angle; LDL: Low-density lipoprotein; 
HDL: High-density lipoprotein.
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Table 1 demonstrates the clinical characteristics of 
patients with and without fQRS.

The mean fQRS-T angle was 55.5°±31.8°, and 
while 62 (15%) patients had fQRS-T angle >90°, 
352 (85%) patients had fQRS-T angle ≤90°. The 
patients with fQRS-T angle >90° were older, had 
worse renal functions, and had higher frequency of 
male gender, hypertension and fQRS compared to 
those with fQRS-T angle ≤90°. The HbA1c levels 
were significantly higher and DM duration was also 
significantly longer in patients with fQRS-T angle 
>90° compared to patients with fQRS-T angle ≤90°. 
Table 2 shows the clinical characteristics of patients 
according to fQRS-T angle.

Additionally, DM duration was ≥10 years in 57 
(13.8%) patients. The patients with DM duration 

≥10 years were older and had significantly higher 
HbA1c values. The frequency of fQRS and mean 
fQRS-T angle were also significantly higher in patients 
with DM duration ≥10 years compared to those with 
DM duration <10 years. Table 3 shows the clinical 
characteristics of patients according to DM duration. 
The correlation analyses revealed that there was a 
strong positive correlation between fQRS-T angle and 
DM duration (r=0.783, p<0.001), a moderate positive 
correlation between fQRS-T angle and HbA1c 
(r=0.646, p<0.001), a low positive correlation between 
fQRS and HbA1c (r=0.472, p<0.001), and a moderate 
positive correlation between fQRS and DM duration 
(r=0.558, p<0.001).

The multivariate analysis demonstrated that 
HbA1c (odds ratio [OR]: 1.136, 95% confidence 

Table 2
Comparison of clinical characteristics of patients according to frontal plane QRS-T angle

fQRS-T angle (>90°)
(n=62)

fQRS-T angle (≤90°)
(n=352)

n % Mean±SD n % Mean±SD p
Age (year) 52.6±5.7 43.3±5.0 <0.001
Sex

Male 36 58.1 173 49.1
0.036

Body mass index (kg/m2) 29.3±1.51 27.6±2.08 <0.001
Hypertension 30 48.4 137 38.9 0.022
Smoking 22 35.5 101 28.7 0.118
fQRS 30 48.4 65 18.5 <0.001
Localization of fQRS

Anterior
Inferior
Lateral

11
11
8

36.7
36.7
26.6

18
36
11

27.7
55.4
16.9

0.227

Fasting glucose (mg/dL) 145±16.0 145±13.9 0.968
HbA1c (%) 7.90±0.55 6.78±0.33 <0.001
Diabetes duration (year) 10.68±3.01 3.69±2.04 <0.001
Creatinine (mg/dL) 1.41±0.28 0.92±0.23 <0.001
Aspartate aminotransferase (U/L) 21.06±4.84 20.90±6.34 0.854
Thyroid-stimulating hormone (μIU/mL) 2.25±0.43 2.55±0.54 0.042
Hemoglobin (g/dL) 12.21±0.91 12.76±1.16 0.016

White blood cell count (¥103/μL) 7.53±0.99 7.60±1.31 0.622

Platelet count (¥103/μL) 205.32±66.80 282.10±46.50 0.006

Triglyceride (mg/dL) 138.18±59.31 142.51±41.94   0.371
LDL-cholesterol (mg/dL) 120.81±24.01 115.36±24.80 0.110
HDL-cholesterol (mg/dL) 41.94±6.52 42.11±4.28 0.486
fQRS: Fragmented QRS; SD: Standard deviation; HbA1c: Hemoglobin A1c; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.
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Table 4
Independent predictors fragmented QRS and frontal plane QRS-T angle >90° 

in multivariate analysis
OR 95% CI p

Fragmented QRS
HbA1c 1.136 1.054-1.918 <0.001
Diabetes duration 1.201 1.176-2.132 <0.001

Frontal plane QRS-T angle >90°
Creatinine 1.447 1.157-1.985 <0.001
Age 1.572 1.168-2.241 <0.001
HbA1c 1.772 1.314-2.612 <0.001
Diabetes duration 2.463 1.854-3.217 <0.001

OR: Odds ratio; CI: Confidence interval; HbA1c: Hemoglobin A1c.

Table 3
Clinical characteristics of patients according to diabetes duration

Duration ≥10 years
(n=57)

Duration <10 years
(n=357)

n % Mean±SD n % Mean±SD p
Age (year) 52.7±5.8 43.5±5.1 <0.001
Sex

Male 31 54.4 178 49.8 0.271
Body mass index (kg/m2) 29.2±1.35 27.6±2.11 <0.001
Hypertension 29 50.9 138 38.7 0.008
Smoking 19 33.3 104 29.1 0.356
fQRS-T angle (°) 112±20.4 47±22.9 <0.001
fQRS 25 43.9 70 19.6 <0.001
Localization of fQRS

Anterior
Inferior
Lateral

10
8
7

40.0
32.0
28.0

19
39
12

27.1
55.7
17.1

0.124

Fasting glucose (mg/dL) 145±16.2 145±13.8 0.855
HbA1c (%) 7.86±0.57 6.80±0.37 <0.001
Creatinine (mg/dL) 1.43±0.26 0.93±0.24 <0.001
Aspartate aminotransferase (U/L) 20.86±4.44 20.94±6.37 0.923
Thyroid-stimulating hormone (μIU/mL) 2.24±0.46 2.57±0.56 0.028
Hemoglobin (g/dL) 12.32±0.88 12.73±1.03 0.044

White blood cell count (¥103/μL) 7.49±0.92 7.62±1.16 0.562

Platelet count (¥103/μL) 245.43±56.72 274.46±61.36 0.088

Triglyceride (mg/dL) 140.26±47.61 142.21±51.67 0.613
LDL-cholesterol (mg/dL) 121.22±22.46 116.16±28.44 0.362
HDL-cholesterol (mg/dL) 40.86±5.37 42.31±4.81 0.058
SD: Standard deviation; fQRS: Fragmented QRS; HbA1c: Hemoglobin A1c; LDL: Low-density lipoprotein; HDL: High-density lipoprotein.
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interval [CI]: 1.054-1.918, p<0.001) and DM duration 
(OR: 1.201, 95% CI: 1.176-2.132, p<0.001) were 
the independent predictors of fQRS on ECG, and 
creatinine level (OR: 1.447, 95% CI: 1.157-1.985, 
p<0.001), age (OR: 1.572, 95% CI: 1.168-2.241, 
p<0.001), HbA1c (OR: 1.772, 95% CI: 1.314-2.612, 
p<0.001) and DM duration (OR: 2.463, 95% 
CI: 1.854-3.217, p<0.001) were the independent 
predictors of fQRS-T angle >90°. Table 4 shows the 
independent predictors fQRS and fQRS-T angle 
>90° in the multivariate analysis.

DISCUSSION
The main finding of the present study was that 

HbA1c and DM duration were significantly associated 
with the presence of fQRS on ECG and increased 
fQRS-T angle in DM patients, even in the absence of 
clinically evident CVDs. These results suggest that 
both ECG parameters may be useful to demonstrate 
and monitor the subclinical myocardial damage in 
DM patients without established CVDs.

Diabetes mellitus causes significant changes in the 
physiological properties of the myocardium that leads 
myocardial fibrosis and diabetic cardiomyopathy,[2,3] 
and CVD is the major cause of mortality in patients 
with type 2 DM.[1,23] Of note, ECG has a crucial role 
in the monitoring of diabetic cardiomyopathy and 
ECG alterations detected in the clinical follow-up 
of DM patients are associated with both clinical and 
subclinical myocardial involvement, and significantly 
predict adverse cardiovascular events.[5-8] However, 
little is known regarding the relationship of clinical 
and glycemic parameters with fQRS and fQRS-T 
angle in asymptomatic patients with type 2 DM. 
The fQRS is a depolarization abnormality that is an 
ECG sign of myocardial fibrosis and damage and 
is an independent predictor of future cardiovascular 
events in a wide variety of patients with and without 
CVD.[9-11,24-26] More importantly, fQRS is significantly 
associated with subclinical myocardial f ibrosis, 
deteriorated cardiac functions, and adverse events 
in DM patients even in the absence of apparent 
CVD.[17,18,27,28] Additionally, as a sign of ventricular 
repolarization heterogeneity, increased fQRS-T 
angle is a predictor of abnormal cardiac functions 
and is associated with adverse cardiovascular events 
independent of underlying cardiovascular status.[12,13] 
Moreover, increased fQRS-T angle is significantly 
associated with diabetic cardiomyopathy and adverse 

cardiovascular events in DM patients.[19] In this 
context, both ECG parameters seem to be useful in 
the monitoring of diabetic cardiomyopathy and to 
demonstrate the early-stage myocardial fibrosis and 
damage before the emergence of manifest CVD in 
patients with DM.

The HbA1c level is a sign of mean blood 
glucose concentrations over the preceding three 
months, considered as a cardiovascular risk factor 
and is significantly associated with cardiovascular 
complications and adverse cardiovascular events in 
patients with DM.[1,8] More importantly, hyperglycemia 
and HbA1c is the leading cause of ECG abnormalities 
in patients with DM.[5,8] However, little is known 
regarding the relationship of HbA1c with fQRS and 
fQRS-T angle in DM patients without known CVD. 
The results of our study demonstrated that HbA1c 
was an independent predictor of fQRS on ECG and 
increased fQRS-T angle and we found a significant 
positive correlation between HbA1c levels and both 
ECG parameters. Therefore, our results suggest that 
fQRS and fQRS-T angle may be useful ECG findings 
to demonstrate the hyperglycemia related subclinical 
myocardial damage in the early phase of diabetic 
cardiomyopathy before the occurrence of clinically 
evident CVD. Additionally, DM duration is usually 
considered as a cardiovascular risk factor and is 
significantly associated with diabetic cardiomyopathy 
and future cardiovascular events in asymptomatic 
patients with type 2 DM independent of coexisting risk 
factors.[8,29] Nevertheless, the impact of DM duration 
on ECG parameters has not been well described yet. 
In the present study, we demonstrated that prolonged 
DM duration was the most powerful predictor of 
presence of fQRS on ECG and increased fQRS-T 
angle in DM patients without known CVD. In this 
context, both ECG parameters may be considered as 
the ECG signs of prolonged DM duration related 
subclinical diabetic cardiomyopathy. Hence, fQRS 
and fQRS-T angle may have a significant association 
with prolonged hyperglycemia and DM duration and 
may be useful in the monitoring of subclinical diabetic 
cardiomyopathy.

Nonetheless, there are some limitations in this 
study. The main limitation was the lack of data 
regarding the clinical events. However, this study was 
not a follow-up study and the association of both ECG 
parameters with cardiovascular events is well described 
in previous studies. Also, the clinical importance 
of our findings needs to be investigated in further 
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studies to demonstrate whether effective treatment of 
DM leads disappearance of fQRS or narrowing in the 
fQRS-T angle. Finally, the absence of confirmation of 
subclinical myocardial fibrosis with cardiac magnetic 
resonance imaging is another limitation.

In conclusion, type 2 DM confers a significant 
increase in the risk of CVD and CVD is the leading 
cause of mortality in DM patients. The ECG has 
an important role in the monitoring of diabetic 
cardiomyopathy and demonstrating the cardiovascular 
involvement in patients with type 2 DM. Our study 
results demonstrated that glycemic parameters HbA1c 
and DM duration were significantly associated with 
fQRS and increased fQRS-T angle in type 2 DM 
patients without manifest CVDs. Therefore, both 
ECG parameters may be useful in the monitoring 
glycemic status and cardiovascular involvement in 
type 2 DM patients without known CVDs.

Ethics Committee Approval: The study protocol 
was approved by the Tokat Gaziosmanpaşa University 
Clinical Research Ethics Committee (date: 25.06.2020, 
no: 20-KAEK-151). The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Patient Consent for Publication: A written informed 
consent was obtained from each patient.

Data Sharing Statement: The data that support the 
findings of this study are available from the corresponding 
author upon reasonable request.

Author Contributions: Idea/concept, data collection 
and/or processing, writing the article: M.E.; Design, control/
supervision, analysis and/or interpretation, literature review, 
critical review: M.E., A.Ç.

Conf lict of Interest: The authors declared no conf licts 
of interest with respect to the authorship and/or publication 
of this article.

Funding: The authors received no financial support for 
the research and/or authorship of this article.

REFERENCES
1.	 American Diabetes Association Professional Practice 

Committee. Addendum. 10. Cardiovascular disease and risk 
management: Standards of medical care in diabetes-2022. 
Diabetes Care 2022;45(Suppl. 1):S144-74.

2.	 Russo I, Frangogiannis NG. Diabetes-associated cardiac 
fibrosis: Cellular effectors, molecular mechanisms and 
therapeutic opportunities. J Mol Cell Cardiol 2016;90:84-
93. doi: 10.1016/j.yjmcc.2015.12.011.

3.	 Asbun J, Villarreal FJ. The pathogenesis of myocardial 
fibrosis in the setting of diabetic cardiomyopathy. J Am Coll 
Cardiol 2006;47:693-700. doi: 10.1016/j.jacc.2005.09.050.

4.	 Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas 
KC, Bäck M, et al. 2021 ESC Guidelines on cardiovascular 
disease prevention in clinical practice. Eur Heart J 
2021;42:3227-337. doi: 10.1093/eurheartj/ehab484.

5.	 Stern S, Sclarowsky S. The ECG in diabetes 
mellitus. Circulation 2009;120:1633-6. doi: 10.1161/
CIRCULATIONAHA.109.897496.

6.	 Voulgari C, Tentolouris N, Stefanadis C. The ECG vertigo in 
diabetes and cardiac autonomic neuropathy. Exp Diabetes 
Res 2011;2011:687624. doi: 10.1155/2011/687624.

7.	 de Santiago A, García-Lledó A, Ramos E, Santiago C. 
Prognostic value of ECGs in patients with type-2 diabetes 
mellitus without known cardiovascular disease. Rev Esp 
Cardiol 2007;60:1035-41. doi: 10.1157/13111235.

8.	 Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello 
A, Delgado V, et al. 2019 ESC Guidelines on diabetes, 
pre-diabetes, and cardiovascular diseases developed in 
collaboration with the EASD. Eur Heart J 2020;41:255-323. 
doi: 10.1093/eurheartj/ehz486.

9.	 Terho HK, Tikkanen JT, Junttila JM, Anttonen O, Kenttä 
TV, Aro AL, et al. Prevalence and prognostic significance 
of fragmented QRS complex in middle-aged subjects with 
and without clinical or electrocardiographic evidence of 
cardiac disease. Am J Cardiol 2014;114:141-7. doi: 10.1016/j.
amjcard.2014.03.066.

10.	 Eyuboglu M. Fragmented QRS as a marker of myocardial 
fibrosis in hypertension: A systematic review. Curr 
Hypertens Rep 2019;21:73. doi: 10.1007/s11906-019-
0982-3.

11.	 Jain R, Singh R, Yamini S, Das MK. Fragmented ECG as 
a risk marker in cardiovascular diseases. Curr Cardiol 
Rev 2014;10:277-86. doi: 10.2174/1573403x106661405141
03451.

12.	 Oehler A, Feldman T, Henrikson CA, Tereshchenko LG. 
QRS-T angle: A review. Ann Noninvasive Electrocardiol 
2014;19:534-42. doi: 10.1111/anec.12206.

13.	 Aro AL, Huikuri HV, Tikkanen JT, Junttila MJ, Rissanen 
HA, Reunanen A, et al. QRS-T angle as a predictor of 
sudden cardiac death in a middle-aged general population. 
Europace 2012;14:872-6. doi: 10.1093/europace/eur393.

14.	 Erdoğan T, Çetin M, Kocaman SA, Çanga A, Durakoğlugil 
ME, Çiçek Y, et al. Relationship of fragmented QRS with 
prognostic markers and in-hospital MACE in patients 
undergoing CABG. Scand Cardiovasc J 2012;46:107-13. doi: 
10.3109/14017431.2011.651485.

15.	 Çetin M, Kocaman SA, Erdoğan T, Durakoğlugil ME, 
Çiçek Y, Bozok Ş, et al. Fragmented QRS may predict 
postoperative atrial fibrillation in patients undergoing 
isolated coronary artery bypass graft surgery. 
Anadolu Kardiyol Derg 2012;12:576-83. doi: 10.5152/
akd.2012.184.

16.	 Çiçek Y, Kocaman SA, Durakoğlugil ME, Çetin M, Çanga 
A, Bozok Ş, et al. Relationship of fragmented QRS with 
prognostic markers and long-term major adverse cardiac 
events in patients undergoing coronary artery bypass graft 
surgery. J Cardiovasc Med (Hagerstown) 2015;16:112-7. doi: 
10.2459/01.JCM.0000435615.40439.68.



25Eyüboğlu M and Çelik A. Glycemic parameters and ECG

www.e-cvsi.orgCardiovascular Surgery and Interventions, an open access journal

17.	 Bayramoğlu A, Taşolar H, Kaya Y, Bektaş O, Kaya A, 
Yaman M, et al. Fragmented QRS complexes are associated 
with left ventricular dysfunction in patients with type-2 
diabetes mellitus: A two-dimensional speckle tracking 
echocardiography study. Acta Cardiol 2018;73:449-56. doi: 
10.1080/00015385.2017.1410350.

18.	 Eren H, Kaya Ü, Öcal L, Öcal AG, Genç Ö, Genç S, 
et al. Presence of fragmented QRS may be associated 
with complex ventricular arrhythmias in patients with 
type-2 diabetes mellitus. Acta Cardiol 2021;76:67-75. doi: 
10.1080/00015385.2019.1693117.

19.	 May O, Graversen CB, Johansen MØ, Arildsen H. A large 
frontal QRS-T angle is a strong predictor of the long-term 
risk of myocardial infarction and all-cause mortality in the 
diabetic population. J Diabetes Complications 2017;31:551-
5. doi: 10.1016/j.jdiacomp.2016.12.001.

20.	 American Diabetes Association. 2. Classification and diagnosis 
of diabetes: Standards of medical care in diabetes-2020. 
Diabetes Care 2020;43(Suppl 1):S14-31. doi: 10.2337/dc20-S002.

21.	 Das MK, Khan B, Jacob S, Kumar A, Mahenthiran J. 
Significance of a fragmented QRS complex versus 
a Q wave in patients with coronary artery disease. 
Circulation 2006;113:2495-501. doi: 10.1161/
CIRCULATIONAHA.105.595892.

22.	 Macfarlane PW. The frontal plane QRS-T angle. Europace 
2012;14:773-5. doi: 10.1093/europace/eus057.

23.	 Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence 
of cardiovascular disease in type 2 diabetes: A systematic 
literature review of scientific evidence from across the 
world in 2007-2017. Cardiovasc Diabetol 2018;17:83. doi: 
10.1186/s12933-018-0728-6.

24.	 Das MK, Saha C, El Masry H, Peng J, Dandamudi G, 
Mahenthiran J, et al. Fragmented QRS on a 12-lead ECG: 
A predictor of mortality and cardiac events in patients with 
coronary artery disease. Heart Rhythm 2007;4:1385-92. doi: 
10.1016/j.hrthm.2007.06.024.

25.	 Pietrasik G, Zaręba W. QRS fragmentation: Diagnostic 
and prognostic significance. Cardiol J 2012;19:114-21. doi: 
10.5603/cj.2012.0022.

26.	 Şimşek B, Güz G, Özyüksel A. Outcomes of preoperative 
fragmented QRS detection on operative and postoperative 
events in patients undergoing elective coronary artery 
bypass grafting. Cardiovasc Surg Int 2023;10:118-24. doi: 
10.5606/e-cvsi.2023.1504.

27.	 Yagi K, Nagata Y, Yamagami T, Chujo D, Kamigishi 
M, Yokoyama-Nakagawa M, et al. High prevalence of 
fragmented QRS on electrocardiography in Japanese 
patients with diabetes irrespective of metabolic 
syndrome. J Diabetes Investig 2021;12:1680-8. doi: 
10.1111/jdi.13524.

28.	 Yagi K, Imamura T, Tada H, Liu J, Miyamoto Y, Ohbatake 
A, et al. Fragmented QRS on electrocardiography as 
a predictor for diastolic cardiac dysfunction in type 2 
diabetes. J Diabetes Investig 2022;13:1052-61. doi: 10.1111/
jdi.13759.

29.	 Kim JJ, Hwang BH, Choi IJ, Choo EH, Lim S, Kim JK, 
et al. Impact of diabetes duration on the extent and 
severity of coronary atheroma burden and long-term 
clinical outcome in asymptomatic type 2 diabetic patients: 
Evaluation by Coronary CT angiography. Eur Heart J 
Cardiovasc Imaging 2015;16:1065-73. doi: 10.1093/ehjci/
jev106.


