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ORIGINAL ARTICLE

Increased para-aortic adipose tissue on 
echocardiography may closely be related with 
fragmented QRS.

El aumento del tejido adiposo paraaórtico en la 
ecocardiografía puede estar estrechamente relacionado 
con la fragmentación del QRS.
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Abstract
Background:
The association of fragmented QRS (fQRS) with many cardiac pathologies such as cardiac 
fibrosis has been described previously. Paraaortic adipose tissue (PAT) is thought to be associated 
with many cardiac diseases and there is only one publication on its echocardiographic evaluation.

Aims:
To describe the possible relationship between fQRS and PAT.

Methods:
Patients presenting to the cardiology outpatient clinic were evaluated for inclusion in the study. 
Presence of additional R' wave or notching/splitting of S wave in two contiguous ECG leads was 
defined as fragmented QRS (fQRS) and patients were divided into two groups according to fQRS 
status on ECG. The hypoechoic space in front of the ascending aorta was considered as PAT 
in the parasternal long-axis view. The medical history and routine laboratory parameters of the 
participants were recorded. Univariate and multivariate binary regression analysis was used to 
determine the relationship between PAT and fQRS.

Results:
A total of 221 patients were enrolled and divided into two groups according to fQRS status. 
PAT was significantly higher in the fQRS group: 9.2 mm (7.1/12.3) vs 6.8 mm (1.2/10.9), 
p=0.001. Univariate analysis showed significant association between fragmented QRS and 
PAT size (OR 1.122, p= 0.001). Binary regression analysis revealed an independent and 
strong association between aortic size (OR 1.4, CI95% 1.012-1.938, p=0.042), paraaortic 
adipose tissue (OR 1.483, CI95% 1.084-2.029, p=0.014) and fragmented QRS.

Conclusions:
The presence of fQRS is associated with PAT, a newly defined parameter in echocardiography.
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Resumen

Antecedentes:
La asociación del QRS fragmentado (fQRS) con muchas patologías cardiacas como la 
fibrosis cardiaca se ha descrito previamente. Se cree que el tejido adiposo paraaórtico 
(PAT) está asociado a muchas enfermedades cardiacas y sólo existe una publicación 
sobre su evaluación ecocardiográfica.

Objetivo:
Describir la posible relación entre el fQRS y el PAT.

Métodos:
Los pacientes que acudieron a la consulta externa de cardiología fueron evaluados 
para su inclusión en el estudio. Se definió como QRS fragmentado (fQRS) la presencia 
de una onda R' adicional o una muesca/división de la onda S en dos derivaciones 
contiguas del ECG y se dividió a los pacientes en dos grupos según el estado del 
fQRS en el ECG. El espacio hipoecoico delante de la aorta ascendente se consideró 
PAT en la proyección paraesternal de eje largo. Se registraron los antecedentes 
médicos y los parámetros de laboratorio habituales de los participantes. Se utilizó un 
análisis de regresión binaria univariante y multivariante para determinar la relación 
entre PAT y fQRS.

Resultados:
Se reclutaron 221 pacientes, que se dividieron en dos grupos según el estado de fQRS. 
La PAT fue significativamente mayor en el grupo fQRS [9.2 mm (7.1/12.3) frente a 6.8 
mm (1.2/10.9), p=0.001]. El análisis univariante mostró una asociación significativa entre 
el QRS fragmentado y el tamaño del PAT (OR 1.122; p=0.001). El análisis de regresión 
binaria reveló una asociación fuerte e independiente entre el tamaño aórtico (OR 1.4; 
IC95% 1.012-1.938; p=0.042), el tejido adiposo paraaórtico (OR 1.483; IC95% 1.084-
2.029; p=0.014) y el QRS fragmentado.

Conclusiones:
La presencia de QRSf se asocia a PAT, un parámetro de nueva definición en 
ecocardiografía.

Remark

1) Why was this study conducted?
In this study it was aimed to explore the potential relationship between fragmented QRS (fQRS), 
a marker linked to cardiac pathologies like fibrosis, and paraaortic adipose tissue (PAT), a factor 
associated with cardiac diseases, with limited prior echocardiographic research.

2) What were the most relevant results of the study?
Regression analysis showed significant association between fragmented QRS and PAT size and 
this significance was maintained after eliminating confounding factors.

3) What do these results contribute?
The results from this study supports the idea that PAT being above a certain thickness in 
echocardiography may be a sign of some cardiac diseases. While fragmented QRS defines 
this situation electrically, PAT can reveal this situation visually through a fast modality such 
as echocardiography
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Graphical Abstract

Introduction

Fragmented QRS (fQRS) is a reliable and easy-to-use electrocardiographic (ECG) finding 
in clinical practice. It is defined as notching in R or S waves without typical bundle 
branch block or additional RSR patterns on the QRS complex. fQRS develops as a result 
of heterogeneous electrical activation caused by impaired ventricular depolarization 1. 
Fibrotic tissue slows electrical conduction and leads to notching of the QRS complexes 2. 
It represents myocardial fibrosis or scar tissue and is associated with worse cardiovascular 
outcomes 3-5. In addition, fQRS is associated with an increased risk of sudden cardiac 
death in patients with idiopathic dilated cardiomyopathy and heart failure 2,6,7.

Para-aortic adipose tissue is a localized fat that surrounds the aorta. In addition to 
protecting the aorta from trauma, paraaortic adipose tissue has been suggested to contribute 
significantly to aortic atherosclerosis and dilation by secreting bioactive molecules such 
as adiponectin and growth factors 8. It has been suggested that epicardial adipose tissue 
(EAT), as measured by echocardiography, is associated with cardiac fibrosis 5. In addition, 
periaortic adipose tissue has been shown to be associated with current metabolic status 9. 
Most previous studies have described and investigated paraaortic adipose tissue using 
computed tomography. Adar et al. 10, were the first to describe paraaortic adipose tissue 
by echocardiography and to demonstrate its association with ascending aortic dilatation. 
Demonstration of this tissue by echocardiography is faster, cheaper and safer in terms of 
radiation compared to other modalities (especially tomography).
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Figure 1.   A. Measuring the para-aortic adipose tissue with transthoracic echocardiography on parasternal long axis view. B. Determination 
of adipose tissue characteristics of para-aortic tissue via computed tomography

Paraaortic adipose tissue, a metabolically active tissue, may also be an indicator of cardiac fibrosis 
and may be associated with fQRS, another indicator of cardiac fibrosis. This tissue, which can be 
easily measured by echocardiography in appropriate acoustic windows, may aid in the identification 
and assessment of cardiac fibrosis. The aim of this study is to describe the relationship between 
echocardiographic paraaortic adipose tissue thickness and the presence of fQRS.

Materials and Methods

General Information

This is a prospective and single-center study designed to evaluate the association between 
the presence of fQRS on 12-lead ECG and paraaortic adipose tissue. In the calculation of the 
estimated sample size, paraaortic tissue measurement was taken as the primary variable. When 
the sample size was calculated using Student’s t paired test with 95% power, α= 0.05 probability 
of error and Cohen’s effect size ‘medium’, it was found appropriate to complete the study with 
at least 210 patients. All patients aged 18 years or older who presented to our outpatient clinic 
for any reason between february 2023 and april 2023 and were followed up on an outpatient 
basis were evaluated for inclusion. Patients with active infection, active malignancy, bundle 
branch block, history of coronary artery bypass graft or valve replacement, congenital heart 
disease and pregnancy were excluded from the study. All patients who agreed to participate 
were included in the study.

A detailed medical history was obtained from all enrolled participants, and information on 
hypertension, diabetes mellitus, coronary artery disease, chronic renal insufficiency, alcohol 
and tobacco use, and medication use was recorded.

Body mass index (BMI) was calculated as body weight (kg) divided by height squared (meters) 
(Quetelet index), and body surface area (BSA) was calculated as the square root of height (cm) 
multiplied by weight (kg) divided by 3,600 (Mosteller formula). Routine biochemical tests, lipid 
profiles, thyroid function tests, and complete blood counts were recorded for all participants. 
Glomerular filtration rate (eGFR) was calculated according to the CKD-EPI equations 11.

12-lead resting ECG was taken in all patients (Welch Allyn, Mortara ELI150c, NY, USA). 
The presence of fQRS was defined as the presence of notching in R or S waves in at least 
two consecutive leads, in the absence of typical bundle branch block, with a normal QRS 
duration, consistent with a coronary artery supply area. In addition, heart rate, PR interval, 
QRS duration, QTc interval, P-axis, QRS axis, and T-axis values automatically calculated by the 
ECG device were recorded.
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Echocardiographic measurements
Transthoracic echocardiography was performed in all patients with a 2.5-3.25 MHz transducer 
(Philips Affiniti 50 S4-2 probe system, Andover, USA) according to the recommendations of 
the American Society of Echocardiography 12-14.

Left ventricular ejection fraction was calculated by the modified Simpson method 15. Left 
ventricular mass (g) was calculated according to the Devereux formula 16. Left ventricular mass 
index was calculated by dividing left ventricular mass by body surface area. Relative wall thickness 
was calculated as twice posterior wall thickness divided by left ventricular diastolic diameter 17.

Periaortic adipose tissue, as defined by Adar et al. 10, was identified as a hypoechoic space 
anterior to the ascending aorta located 2 cm above the sinotubular junction at end-systole 
(Figure 1A, Video 1). Measurements were obtained over three cardiac cycles, and the average 
of these measurements was used. The interobserver consistency of paraaortic adipose 
tissue measurements was calculated to be almost perfect (κ= 0.803, p= 0.001). By using 
computed tomography imaging, tissue analysis was performed in order to determine adipose 
characteristics of hypodense space. The mean attenuation (Hounsfield Units, HU) interval for 
adipose tissue was defined as -190 to -30 HU 18. The mean Hounsfield Units (HU) of paraaortic 
adipose tissue was found to be -95.94 HU (Figure 1B).

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, version 25.0 
(Armonk, NY). For absence or handling of missing data, the respective participant was 
excluded from the analysis. Categorical variables were expressed as numbers and percentages. 
Normality of continuous variables was assessed using the Kolmogorov-Smirnow test, 
skewness, and kurtosis. Normally distributed continuous variables were expressed as mean and 
standard deviation, while non-normally distributed variables were expressed as median and 
25/75 quartiles. Categorical variables were compared between groups using the chi-squared 
test. Normally distributed continuous variables were compared using the independent samples 
t-test, whereas non-normally distributed variables were compared using the Mann-Whitney 
U test. To determine the parameters to be included in the multivariate regression analysis, 
preliminary univariate regression analyses were initially conducted. Binary logistic regression 
analysis was performed for parameters whose significance was less than 0.1 in the univariate 
analysis. Non-normally distributed variables were normalized by Box-Cox transformation 
before regression analysis. The backward conditional method was used to determine 
independent variables associated with fragmented QRS in binary logistic regression analysis. 
All analyses were two-tailed, and p <0.05 was considered statistically significant.

Ethical Statement
The study was approved by Tekirdağ City Hospital Non-Interventional Clinical Research 
Ethics Committee on January 31, 2023 (approval number: 20). Written informed consent was 
obtained from all participants in accordance with the ethical principles for research involving 
human subjects as stated in the Second Declaration of Helsinki.

Results

In study were evaluated 312 patients for enrollment. Of these, 38 patients were excluded to 
insufficient paraaortic adipose tissue visualization window and 7 patients refused to participate 
in the study. An additional 46 patients who met one or more of the exclusion criteria were 
excluded from the study (Figure 2). The study included a total of 221 participants, 152 in the 
fQRS group and 69 in the non-fQRS group. The median age of the participants was 46 years 
(range: 38.5-53), and 76 (34.4%) were female. Baseline characteristics, biochemical parameters, 
echocardiographic measurements, and ECG parameters are summarized in Table 1. Compared 
to the control group, patients with fQRS were older [median age: 47 years (range: 41-54) vs. 43 
years (range: 32-49.5), p = 0.003], and the gender distribution was similar between the groups. 
BMI was significantly higher in patients with fQRS (30.1 vs. 29.4, p= 0.034).
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Significant differences were observed in the prevalence of hypertension (p= 0.003) 
and diabetes (p= 0.008) between the groups, while the groups were similar in terms of 
hyperlipidemia, smoking, and coronary artery disease.

Laboratory parameters showed no significant differences between groups except for GFR. GFR 
values were significantly lower in the fQRS group (105.8 ±8.3 vs 109.5 ±9.4, p= 0.004).

Regarding echocardiographic measurements, there was no statistically significant difference in 
left ventricular end-diastolic diameter, interventricular septal thickness, relative wall thickness, 
left ventricular mass index, and ejection fraction between the fQRS group and the control 
group. However, left ventricular mass (188.6 g (164.5/217.2) vs 178.2 g (142.5/200.1), p= 0.046) 
and aortic size (32 mm (30/35) vs 30 mm (28/34), p= 0.001) were significantly higher in the 
fQRS group. Paraaortic adipose tissue thickness was also significantly higher in subjects with 
fQRS (9.2 mm (7.1/12.3) vs 6.8 mm (1.2/10.9), p= 0.001) (Table 1).

Regarding electrocardiographic parameters, there was no statistically significant difference 
in heart rate, PR interval, P-axis and T-axis between the fQRS group and the control group. 
However, QRS duration (94 msec (66/102) vs. 90 msec (86/94), p= 0.002) and corrected QT 
interval (403 msec (392/419) vs. 395 msec (387/410), p= 0.002) were significantly higher, while 
QRS axis (32° (8/53) vs. 47° (30/67), p <0.001) was significantly lower in the fQRS group.

In the univariate regression analysis, parameters with a significance level of p <0.1 were 
selected for inclusion in the multivariate regression model (Table 2). According to the results 
of this analysis, age, hypertension, diabetes mellitus, body mass index, glomerular filtration 
rate, ejection fraction, left ventricular mass, aortic diameter, and periaortic fat thickness were 
included in the regression analysis model In binary regression analysis, an independent and 
strong association was found between aortic size (OR: 1.4, CI 95%: 1.012-1.938, p= 0.042), 
paraaortic adipose tissue (OR: 1.483, CI 95%: 1.084-2.029, p= 0.014) and fQRS (Table 3).

Figure 2.   Flow chart for patient selection
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Discussion

The present study showed that paraaortic adipose tissue thickness was significantly increased in 
the group with fQRS on admission ECG compared with the control group. To our knowledge, 
this is the first report of this association. In the literature, the measurement of paraaortic adipose 
tissue is usually performed by more sophisticated and expensive modalities such as computed 
tomography. However, this study was performed using echocardiography, which allows for rapid 
assessment in individuals with appropriate acoustic windows. We believe that this approach may 
be valuable in terms of clinical applicability and cost-effectiveness.

The fQRS is a simple yet highly effective parameter that is readily available to clinicians. It 
has been shown to be associated with myocardial fibrosis and scar tissue in coronary artery 
disease and heart failure 6. While it is observed in approximately 7.2% of healthy individuals, it 
is found in approximately one in five patients with ST-elevation myocardial infarction, one in 
four patients with metabolic syndrome, and three in four patients with cardiac sarcoidosis 19-

21. In particular, these data suggest that the frequency of fQRS is higher in the presence of 
myocardial damage. It has also been explained that people with a fragmented QRS complex in 
the absence of obvious heart disease do not have an increased risk of death 22.

In our study, the frequency of fQRS was found to be significantly higher in individuals with 
hypertension and diabetes. The effects of hypertension on myocardial remodeling and fibrosis 
are evident. Worsening of left ventricular geometry and left ventricular hypertrophy have been 

Variables Total (n = 221) fQRS (+) (n= 152) fQRS (-) (n= 69)
Age, years 46(38.5/53) 47(41/54) 43(32/49.5) **
Sex (Male/female), n (%) 145(65.6)/76(34.4) 102(67.1)/50(32.9) 43(62.3)/26(37.7)
BMI, kg/m² 29.9(26.7/32.8) 30.1(27.2/33.5) 29.4(25.5/32.1) *
HT, n (%) 144(66.1) 108(72.5) 36(52.2) **
DM, n (%) 23(10.5) 21(13.9) 2(2.9) **
Hyperlipidemia, n (%) 23(10.4) 16(10.5) 7(10.1)
Smoking, n (%) 47(21.3) 33(21.7) 14(20.3)
CAD, n (%) 8(3.6) 6(3.9) 2(2.9)
Glucose, mg/dL 103(94/109.5) 103.5(94/109) 102(94/110.5)
Creatinine, mg/dL 0.9(0.76/1) 0.9(0.78/1) 0.9(0.72/0.99)
GFR, ml/min 106.9±8.8 105.8±8.3 109.5±9.4**
Total Cholesterol, mg/dL 199(170/238) 200(169/240) 193(168/228)
HDL-C, mg/dL 45(38/53) 45(37/53) 46(39.5/53.5)
LDL-C, mg/dL 118(97/147) 124.5(97/148) 116(96/142)
Triglyceride 150(92/230) 157(105/250) 133(81/209)
Hemoglobin, g/dL 14.6(13.2/15.8) 14.6(13.2/15.9) 14.5(13.3/15.6)
WBC, x10³/µL 7.8(6.4/9.2) 7.8(6.6/9.2) 7.8(6.2/9.25)
LVEDD, mm 44(42/47) 45(42/47) 44(42/46)
IVS, mm 12(10/13) 12(11/13) 12(10/12)
EF, % 62.9(59.9/65.8) 62.4(59.6/65.8) 64(61.8/66.7)
RWT 0.51±0.08 0.51±0.07 0.5±0.08
LVM, g 184.7(157.1/212) 188.6(164.5/217.2) 178.2(142.5/200.1)*
LVMI, g/m² 89.9(77.6/104) 90(79.4/106.4) 89.9(76.2/102.1)
Aorta, mm 32(30/35) 32(30/35) 30(28/34)**
PAT, mm 8.9(5.95/11.7) 9.2(7.1/12.3) 6.8(1.2/10.9)**
Heart rate, bpm 75(68/85) 75(68/85) 76(67/84)
PR, msec 150(138/162) 150(140/162) 150(136/162)
QRS, msec 92(86/100) 94(66/102) 90(86/94)**
QTc, msec 401(390/415) 403(392/419) 395(387/410)**
P axis, degree 50(33.7/60) 48(34/60) 52(33/61)
QRS axis, degree 37(12/56) 32(8/53) 47(30/67)**
T axis, degree 41(25/55) 39(22/54) 45(32/59)
BMI, body mass index; CAD, coronary artery disease; DM, diabetes mellitus; EF, ejection fraction; GFR, glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; HT, hyperten-
sion; IVS, interventricular septum; LDL-C, low density lipoprotein cholesterol; LVEDD, left ventricular end diastolic diameter; LVM, left ventricular mass; LVMI, left ventricular mass index; 
PAT, paraaortic adipose tissue; RWT, relative wall thickness; WBC, white blood cell.
* <0.05; ** <0.001

Table 1.   Comparison of characteristics of the study population according to the presence of fragmented QRS.
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demonstrated in hypertensive subjects with fQRS 23. Hypertension was approximately 40% 
more common in the group with fQRS (72.5% vs. 52.2%) in the present study. Although this 
is the case, the over-observation of fQRS frequency in our study of hypertensive individuals is 
compatible with previous studies. Although left ventricular mass was higher in individuals with 
fQRS, no significant difference was found in left ventricular mass index in this study. We believe 
that this finding is mainly due to the young patient population. Considering that the hypertensive 
state takes years for ventricular remodeling, our results are in line with current evidence 24.

fQRS is common in the presence of diabetes. The frequency of fQRS has been previously 
reported to be in the range of 28-60% in individuals with diabetes mellitus 25,26. Vascular 
damage, which is the underlying cause, ultimately affects myocardial cells. In this study, 
the rate of diabetes in individuals with fQRS was 13.9%. According to previous studies, the 
difference is mainly due to the content and group characteristics of the population.

fQRS status has also been studied in renal failure. One study reported that the frequency of 
fQRS was 30% in a cohort of 310 patients with chronic kidney failure 27. In our study, the 
GFR values are statistically lower in the group with fQRS. However, we believe that these low 
values are not clinically meaningful. This finding may be due to the older age of the population 
with fQRS. There was no significant difference in creatinine levels between the two groups. 
However, these data are thought-provoking for further studies. Indeed, renal dysfunction 
stimulates cardiac remodeling via uncontrolled hypertension and hemodynamic effects in the 
following periods, and cardiac fibrosis is ultimately inevitable. Based on these data, it can be 
assumed that this effect may start earlier.

Another finding for this study, subjects with fQRS had significantly higher measured aortic 
diameters than subjects without fQRS. This has not been previously reported in the literature. 

Table 2.   Univariate regression analysis of variables with fragmented QRS
Variable Exp(B) 95% Confidence Intervals

Age 1.041 1.014-1.069 ***
Sex (Male/female) 1.233 0.682-2.232
Body Mass Index 1.064 0.999-1.134 *
HT 0.414 0.229-0.750 ***
DM 0.185 0.042-0.812 **
Hyperlipidemia 0.96 0.376-2.451
Smoking 0.918 0.455-1.852
CAD 0.726 0.143-3.693
Glucose 1.012 0.998-1.028
Creatinine 2.207 0.364-13.364
GFR 0.953 0.921-0.985 ***
Total Cholesterol 1.003 0.997-1.009
HDL-C 0.991 0.969-1.014
LDL-C 1.005 0.997-1.012
Triglyceride 1.002 0.999-1.005
Hemoglobin 0.92 0.836-1.154
WBC 1.036 0.9-1.193
LVEDD 1.063 0.968-1.168
IVS 1.099 0.928-1.302
EF 0.939 0.888-0.992 **
RWT 10.03 0.221-454.5
LVM 1.006 0.999-1.012 **
LVMI 1.005 0.99-1.02
Aorta 1.139 1.047-1.24 ***
PAT 1.122 1.051-1.197 ***
CAD, coronary artery disease; DM, diabetes mellitus; EF, ejection fraction; GFR, glomerular filtration rate; 
HDL-C, high density lipoprotein cholesterol; HT, hypertension; IVS, interventricular septum; LDL-C, low 
density lipoprotein cholesterol; LVEDD, left ventricular end diastolic diameter; LVM, left ventricular mass; 
LVMI, left ventricular mass index; PAT, paraaortic adipose tissue; RWT, relative wall thickness; WBC, white 
blood cell.
* p <0.05; ** p <0.01; ***p <0.001
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Kim et al. compared the effect of hypertension on aortic dimensions and reported that aortic 
dimensions are statistically higher in individuals with hypertension, especially at the tubular 
level 28. In terms of causality, the more frequent observation of hypertension in individuals with 
fQRS and the shear stress imposed on the aorta by the hypertensive state may have caused this.

Some vascular-related adipose tissue distributions in the body differ from white adipose 
tissue. One example is epicardial adipose tissue (EAT). Increased EAT volume creates a 
prothrombotic and proinflammatory state and is considered a possible risk factor in the 
pathogenesis of cardiovascular disease 29. It is also known that activin-A secreted by this 
tissue is an effective paracrine substance on myocardial fibrosis 30. Based on this, a study 
conducted in a healthy population found that EAT thickness was higher in individuals 
with fQRS than in non-fQRS 29. Perivascular adipose tissue is also known to behave like an 
organ with local paracrine effects rather than energy storage. It has been suggested that the 
cardiovascular effects may be higher due to the anatomical proximity of this adipose tissue 31. 
They have negative effects on vascular and cardiac structures in their neighborhood through 
paracrine effects of secreted inflammatory substances 32,33. Paraaortic adipose tissue is a 
regional tissue surrounding the aorta in the class of perivascular fat. It has been suggested that 
adiponectin and growth factors play a role in the atherosclerosis and dilatation of the aorta 
through the mechanisms and pathways mentioned above 8. The same study suggested that 
periaortic adipose tissue is associated with coronary calcification and systemic inflammation, 
independent of the amount of body fat 8. However, this adipose tissue is known to be similar 
to brown adipose tissue and has thermoregulatory effects with beneficial effects. The clinical 
utility of fQRS may be greater than thought. The relationship between paraortic adipose tissue 
and fQRS may be dichotomous. Increased adipose tissue can be considered a combination 
of poorly managed risk factors. Poorly managed cardiovascular risk factors ultimately lead 
to cardiac fibrosis and remodeling with mediators secreted by this and similar tissues and 
contribute to the formation of fQRS. In addition, this adipose tissue is a tissue with different 
functions and different adipose characteristics compared to other adipose tissues. It is stated 
that it plays a role in the distribution of thermoregulatory and systemic energetics, having a 
character similar to brown adipose tissue 34. One study found that this tissue is associated with 
systemic inflammation regardless of body fat content 8. In light of these data, this tissue may 
also be one that increases in size to slow, stop, or prevent cardiac fibrosis from any cause. To be 
clear, the primary reason for increasing this tissue may be to prevent cardiac remodeling and 
fibrosis. fQRS is reflected in the ECG paper as a cumulative result of this. Therefore, studies 
requiring histopathological and chemical examination are needed.

This study has several limitations. First, it was a single-center study and has a relatively 
small sample size in terms of providing high-quality evidence. In addition, histopathologic 
and magnetic resonance evidence of myocardial fibrosis was not provided. Patients with 
bundle branch block were excluded from the study. In addition, paraaortic adipose tissue 
was measured only by echocardiography. Another point is that the ECGs were also evaluated 
only once. In some studies, it has been reported that only prolonged duration of fQRS 
gains prognostic importance 35. This is both a limitation and an indication of the strength 
of the paraaortic adipose tissue that the data is still significant despite this situation. It has 
been reported that standard ECG devices can filter high frequency fQRs 36. In this context, 

Table 3.   Multivariate binary regression analysis for covariates of fragmented QRS
B Standard error Wald Sig. Exp(B) 95% Confidence 

Intervals for Exp(B)
DM -1.451 0.764 3.614 0.057 0.234 0.052-1.046
Aorta 0.337 0.166 4.131 0.042* 1.400 1.012-1.938
PAT 0.394 0.160 6.068 0.014* 1.483 1.084-2.029
Constant 2.172 0.745 8.506 0.004 8.780
Variables included in model: Age*, hypertension, diabetes mellitus, body mass index*, glomerular filtration rate, ejection fraction*, left ventricular mass*, aortic diameter*, 
periaortic fat thickness*
*Non-normally distributed variables are normalized using Box-Cox transformation before regression analysis
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device-assisted filtering systems were not used and only the presence of fragmented QRS was 
evaluated on the doctor’s interpretation. Despite all these and other variables, only paraaortic 
adipose tissue continued to be associated with fQRS more than all other variables without 
losing its statistical significance.

Conclusions

The presence of fQRS on ECG is associated with increased paraaortic adipose tissue thickness 
in this ambulatory population. This study can be considered as pioneering. fQRS has been 
associated with cardiac fibrosis and in this study, we shed light on the potential association 
of para-aortic adipose tissue with various clinical characteristics. Further investigation of 
the results of this study in other studies will provide an opportunity to better understand the 
significance of paraaortic adipose tissue over time. Further studies with larger patient groups 
are needed to clarify the exact pathophysiological mechanisms underlying these findings.
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