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ABSTRACT

Objective: Obesity is associated with adverse alterations in ventricular repolarization and increased electrophysiological
heterogeneity. Sleeve gastrectomy provides substantial and sustained weight loss; however, its effects on ventricular
repolarization parameters assessed by surface electrocardiography (ECG) remain incompletely characterized. The aim of this
study was to evaluate the effect of weight loss after sleeve gastrectomy on ventricular repolarization parameters assessed
by surface ECG.

Materials and Methods: This retrospective study included 95 morbidly obese patients who underwent laparoscopic
sleeve gastrectomy. Standard 12-lead electrocardiograms were evaluated preoperatively and during routine follow-up
approximately 6 months after surgery. Changes in ventricular repolarization parameters were analyzed in relation to post-
operative weight loss.

Results: Substantial weight loss was observed at follow-up. Among time-based electrocardiographic parameters, modest
but statistically significant post-operative reductions were detected in corrected QT interval (QTc), QT interval dispersion
(QTd), and corrected JT interval (JTc), while all values remained within generally accepted physiological ranges. In addition,
ratio-based indices reflecting relative depolarization-repolarization timing, including Tpeak-Tend dispersion/QT and QRS
duration/QT, showed significant post-operative decreases. No significant post-operative changes were observed in other
ventricular repolarization parameters.

Conclusion: Weight loss following sleeve gastrectomy was associated with subtle changes in selected ventricular
repolarization parameters detectable on surface ECG, suggesting limited electrophysiological adaptation rather than
overt alterations in myocardial conduction or repolarization. The clinical implications of these findings remain uncertain,
and further prospective studies with longer follow-up are warranted to clarify the electrophysiological effects of sleeve
gastrectomy.
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INTRODUCTION

Obesity is a preventable metabolic risk factor that is rapidly
increasing globally and is considered a significant public
health problem. Excess body weight is associated not
only with metabolic disorders but also with an increased
risk of coronary heart disease and sudden cardiac death.
241 Furthermore, obesity has been shown to adversely
affect cardiac electrical stability, with evidence of altered
ventricular repolarization and increased electrophysiological
heterogeneity. These changes are thought to arise in part from
obesity-related myocardial remodeling and ectopic adipose
tissue accumulation, ultimately leading to complex alterations
in cardiac structure and electrical conduction.>>! Moreover, a
better understanding of obesity-related electrocardiographic
changes andtheidentification of cardiac risk markers reflecting
these processes is becoming increasingly important.

In terms of effective and sustainable weight loss, long-term
studies have shown that diet and lifestyle interventions
generally resultin modest weight loss, while pharmacological
treatments provide a slightly greater but still limited effect
over time.”? Therefore, it is stated that achieving permanent
weight loss is often only possible with surgical methods,
especially in individuals resistant to lifestyle and medical
approaches.”'% Bariatric surgery stands out as a powerful
treatment option because it provides significant and long-
term weight loss, as well as reducing cardiometabolic
morbidity, and long-term mortality.®'® According to the
international records, sleeve gastrectomy is the most
commonly performed bariatric procedure worldwide."? With
the demonstration of the beneficial effects of weight loss on
cardiac functions, studies examining changes in parameters
reflecting ventricular repolarization on electrocardiography
(ECG) before and after obesity surgery have also increased in
recent years.'214

It has been reported that obese individuals show significant
impairments in ECG parameters reflecting the duration and
homogeneity of ventricular repolarization.'™ Significant and
sustained weight loss achieved after bariatric surgery has been
shown to reduce repolarization heterogeneity by significantly
decreasing corrected QT dispersion (QTcd), corrected JT
dispersion (JTcd), and transmural repolarization indicators.!"
In addition, the ameliorative effects of weight loss on corrected
QT interval (QTc) and QTcd have been reported, particularly
in relation to the regression of left ventricular hypertrophy.
4 Sleeve gastrectomy series also report that, consistent with
these findings, significant improvements can be observed in
parameters related to ventricular repolarization measured on
ECG in the post-operative period, and this may potentially
contribute to a reduction in the risk of ventricular arrhythmias
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and sudden cardiac death; however, it has been emphasized
that these results need to be confirmed in larger cohorts.!'2

Therefore, it is clear that further studies are needed to better
understand the changes in electrocardiographic parameters
associated with ventricular repolarization after sleeve
gastrectomy. The aim of this study is to evaluate the effect
of post-operative weight loss on ventricular repolarization
indices in morbidly obese patients who underwent sleeve
gastrectomy.

MATERIALS AND METHODS

The study was approved by the Gaziantep University
Clinical Research Ethics Committee (Decision No: 2023/244,
Date: 29.08.2023). We retrospectively included a total of 95
patients who underwent laparoscopic sleeve gastrectomy
at the Gaziantep University General Surgery Clinic between
January 2018 and January 2023. The study was conducted in
accordance with the Declaration of Helsinki. Demographic and
clinical data - including age, sex, body mass index (BMI), pre-
operative and 6-month post-operative weight, comorbidities,
smoking status, and American Society of Anesthesiologists
(ASA) classification - were routinely recorded during
anesthesia preparation. The necessary information was
retrieved from the hospital’s electronic medical record system
and, when required, from archived paper files.

Patients with BMI 240 kg/m?, or =35 kg/m? accompanied by
obesity-related comorbidities who failed to achieve adequate
weight loss with conservative methods, were considered
eligible for surgery. Because this study was retrospective and
pre-operative echocardiography is not routinely performed
during the standard pre-operative anesthesia evaluation in
our center, echocardiographic data were not available for
all patients. However, if a previous echocardiogram in the
patient record showed structural abnormalities — such as
left-ventricular systolic dysfunction (Ejection fraction <50%),
significant valvular disease, or left ventricular hypertrophy —
these patients were excluded to avoid confounding effects
on ventricular repolarization. Additional exclusion criteria
included ischemic heart disease, electrolyte imbalance, Type
1 diabetes, missing ECG data, and the use of medications
known to affect cardiac conduction. Stable, well-controlled
hypertension was included, whereas patients with chronically
uncontrolled hypertension or documented end-organ
involvement were excluded from the study.

All operations were performed laparoscopically under general
anesthesia. A 38-40 Fr bougie was used for sleeve calibration,
and gastric resection was initiated 2-10 cm proximal to the
pylorus.
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Pre-operative ECGs were obtained during routine anesthesia
preparation, while post-operative ECGs were retrieved
from routine follow-up Vvisits performed approximately 6
months after surgery. All ECGs were digitally magnified and
analyzed using imaging software (Adobe Photoshop, Version
19.1.6). Two cardiologists, who were unaware of any clinical
information, independently assessed each ECG recording. If
there were differences in measurements, the final value was
calculated as the average of the two measurements to reduce
variability between observers.

The study analyzed the following ECG parameters:

QRS duration (QRSd), QT, JT interval (JT), and Tpeak-Tend
interval (Tp—e) were measured on standard 12-lead ECGs
following established definitions. QRSd was measured from
the start to the end of the QRS complex in each lead. The QT
was measured from the start of the QRS complex to the end
of the T wave, where it returned to the baseline. The JT was
derived by subtracting QRSd from the QT (JT = QT - QRSd). The
Tp—e was defined as the time from the peak of the T wave to
its end.

To evaluate spatial variations in ventricular activation and
recovery, dispersion values were calculated across all 12
leads. QRS dispersion, QT dispersion (QTd), JT dispersion (JTd),
and Tp-e dispersion (Tp-ed) were defined as the difference
between the highest and lowest values recorded across the
leads.

To reduce the effect of heart rate on interval readings,
corrected indices were calculated. QTc and corrected JT (JTc)
values were computed using Bazett’s formula.'®

Ratio-based parameters, including Tp-e/QT, Tp-e/QRSd,
and QRSd/QT, were determined from the respective interval
readings.

To measure changes after surgery, delta (A) values were
computed for each parameter using the formula A = pre-
operative measurement - post-operative measurement.
Positive A values indicated a decrease after surgery, while
negative values showed an increase.

All time intervals were reported in milliseconds (ms). To avoid
confusion with QRSd, the term QRS dispersion was always
written out fully in the manuscript.

Statistical Analysis

The Shapiro-Wilk test was used to determine whether
numerical data had a normal distribution. Two dependent
measurements of normally distributed variables were
compared using a paired t-test, whereas two dependent
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measurements of non-normally distributed variables were
compared using a Wilcoxon test. The Chi-square test was
used to examine relationships between categorical variables.
Correlation coefficients were calculated to assess relationships
between numerical variables.

These A values were compared between groups using the
Mann-Whitney U test.

All analyses were performed using the Statistical Package for
Social Sciences version 22.0 (IBM Corp., Armonk, NY, USA). A
p<0.05 was considered statistically significant.

RESULTS

A total of 95 patients who underwent laparoscopic sleeve
gastrectomy were evaluated in the study. Of these, 24
(25.3%) were male, and 71 (74.7%) were female. Among the
study population, hypertension was present in 11 patients
(11.6%), diabetes mellitus in 15 (15.8%), thyroid disease in
12 (12.6%), asthma in 9 (9.5%), insulin resistance in 6 (6.3%),
and obstructive sleep apnea syndrome in 3 (3.2%). Thirty-two
patients (33.7%) were active smokers. According to the ASA
classification, 26 patients (27.4%) were classified as ASA I,
while 69 (72.6%) were ASA lll (Table 1).

The average age of participants was 35.47+11.71 years, with
an age range of 18-64 years. The mean pre-operative BMI
was 45.82+6.52 kg/m?, while the mean BMI at 6 months
postoperatively was 33.29+4.66 kg/m? Similarly, the mean
pre-operative body weight was 125.82+19.43 kg, which
decreased to 91.43+13.58 kg at 6 months following surgery.

Table 1. Baseline demographic and clinical characteristics of the
patients (n=95)

Variable n Percentage
Male 24 253
Female 71 74.7
Hypertension 11 11.6
Diabetes mellitus 15 15.8
Obstructive sleep apnea syndrome 3 3.2
Thyroid disease 12 12.6
Asthma 9 9.5
Insulin resistance 6 6.3
Smoker 32 337
ASA physical status Il 26 274
ASA physical status Il 69 726

n: Number of patients, DM: Diabetes mellitus, OSAS: Obstructive sleep
apnea syndrome, ASA: American Society of Anesthesiologists
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Table 2. Mean values of demographic and anthropometric
measurements (n=95)

Variable Mean+SD N!edian
(Min-Max)
Age (years) 35.47+11.71 34 (18-64)
BMI (baseline) (kg/m?) 45.82+6.52 44.3 (36.8-66)
BMI (6 months after surgery) (kg/m?  33.29+4.66  32.2(24.8-47.4)
Weight (baseline) (kg) 125.82+19.43 120 (91-184)
Weight (6 months after surgery) (kg) 91.43£13.58 90 (64-130)
Amount of weight loss (kg) 34.39+7.30 33 (19-60)

n: Number of patients, BMI: Body mass index, SD: Standard deviation, Min-
Max: Minimum-maximum, kg: Kilogram, kg/m? Kilogram/square meter

The mean total weight loss at the end of the 6-month follow-
up period was 34.39+7.30 kg. The median values and ranges
for each parameter are presented in Table 2.

Comparisons between baseline and post-operative 6-month
electrocardiographic parameters are presented in Table 3. QTc
values showed a significant decrease from 418.45+28.25 ms
preoperatively to 412.01+£28.27 ms postoperatively (p=0.013).
QTd was also modest but statistically significantly reduced at
the 6™ post-operative month (53.93+10.95 ms vs. 52.57+10.20
ms, p=0.041). JTc values were significantly lower at follow-up

Table 3. Comparisons of baseline and post-operative 6""-month
ECG findings

Pre-operative Post-operative

Parameter (Mean+SD) (Mean*SD) &

QTc 418.45+28.25 412.01+28.27 0.013*
Qrd 53.93+£10.95 52.57+10.20 0.041*
Tp-e 87.31+8.13 87.15+8.98 0.598
Tp-ed 55.98+15.49 57.43+17.02 0.722
Tp-e/QT 0.25+£0.05 0.24+0.03 0.011*
JTc 330.33+28.38 323.62+28.84 0.017*
JTd 38.87+6.19 38.55+7.09 0.244
QRSd 88.13+8.81 88.39+7.62 0.836
QRS dispersion 28.12+3.52 28.38+3.95 0.549
QRSd/QT 0.25+0.03 0.24+0.03 0.008*
Tp-e/QRSd 1.00£0.13 0.99+0.12 0.864

*p: Statistical significance (p<0.05, Wilcoxon signed-rank test). All time-
based ECG measurements were recorded in milliseconds. QTc: Corrected QT
interval, QTd: QT dispersion, QT: QT interval, JTc: Corrected JT interval, JTd: JT
dispersion, Tp—e: Tpeak-Tend interval, Tp—ed: Tpeak-Tend dispersion, QRSd:
QRS duration, QRS dispersion: Maximum-minimum QRS duration across 12
leads, SD: Standard deviation
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compared with baseline (330.33+28.38 ms vs. 323.62+28.84
ms, p=0.017).

Although the absolute reductions observedin QTc, QTd, and JTc
were modest in magnitude and both pre-operative and post-
operative values remained within generally accepted normal
ranges, these changes may reflect a subtle improvement
in global ventricular repolarization timing and should be
interpreted as surrogate electrophysiological markers rather
than direct indicators of clinical risk reduction.

Regarding ratio-based parameters, the Tp-e/QT ratio
demonstrated a small but statistically significant post-
operative reduction (0.25£0.05 vs. 0.24%0.03, p=0.011).
Similarly, the QRSd/QT ratio showed a modest yet statistically
significant decrease at 6 months after surgery (0.25+0.03 vs.
0.24+0.03, p=0.008).

In contrast, no statistically significant differences were
detected in Tp-e, Tp—ed, JTd, QRSd, QRS dispersion, or Tp-e/
QRSd values (all p>0.05).

Comparative A (delta) values for female and male patients
are shown in Table 4. No statistically significant variation was
detected between the groups across any of the evaluated
parameters (p>0.05).

Post-operative changes expressed as A values differed
according to smoking status (Table 5). While no significant
differences were observed between smokers and non-
smokers for ABMI, AQTc, ATp-e, ATp-e/QT, AJTc, AJTd,
AQRSd, QRSd/QT, or ATp-e/QRSd (all p>0.05), dispersion-
based parameters demonstrated significant between-group
differences. Specifically, ATp-ed was significantly different
between smokers and non-smokers (—3.59+12.38 vs.
2.7549.43, p=0.036), indicating a post-operative reduction
in smokers and a relative post-operative increase in non-
smokers (Fig. 1). Similarly, AQRS dispersion was significantly
lower in smokers compared with non-smokers (-0.89+3.87
vs. 0.9743.51, p=0.031), reflecting a post-operative decrease
among smokers, whereas non-smokers exhibited a relative
post-operative increase (Fig. 2). In addition, AQTd showed
a borderline difference between smokers and non-smokers
(p=0.059), indicating a trend toward a greater post-operative
reduction in smokers that did not reach conventional statistical
significance.

DISCUSSION

Obesity is known to alter the myocardial electrical
environment through several mechanisms, including left
ventricular hypertrophy, increased sympathetic activity,
inflammation, oxidative stress, and excess pericardial and
myocardial fat accumulation.” These alterations contribute to
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Table 4. Comparison of A values (pre-operative — post-operative) according to gender
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Parameter Female (Mean%SD) Median (Q1-Q3) Male (Mean+SD) Median (Q1-Q3) p

ABMI 12.5£2.34 12.2(10.8-13.6) 12.55+£2.69 12.73 (10.8-13.3) 0.905
AQTc 4.8+40.59 8 (—14-28) 11.29+21.47 6.5 (—7.5-26) 0.451
AQTd 1.2+7.44 4 (-4-6) 1.83+£7.42 2.5 (-4-6) 0.976
ATp-e 0.1+8.83 -2 (—4-4) 0.33+£11.12 2 (—4-4) 0.782
ATp-ed —1.58+12.47 2 (—6-6) —1.08+9.83 2 (-7-5) 0.993
ATp-e/QT 0.02+0.06 0.01 (-0.02-0.03) 0.01+0.04 0.01 (-0.01-0.03) 0.784
AJTc 5.30+£39.14 4.0 (-10.5-24.0) 10.88+22.84 9.5 (-9.25-26.75) 0.443
AJTd 0.14£5.79 2 (—4-4) 0.88+5.27 2 (-3.5-4) 0.983
AQRSd —0.49+8.08 0 (—4-4) 0.42+7.64 1(-4-4) 0.717
AQRS dispersion -0.58+3.90 -2 (-4-2) 0.67£3.56 2 (-2-2) 0.203
AQRSd/QT 0.01+0.03 0.01 (—0.01-0.03) 0.01+0.03 0.01 (-0.01-0.03) 0.962
ATp-e/QRSd 0.01+0.11 0 (-0.06-0.05) 0.01+0.11 0.01 (-0.03-0.05) 0.613

*p: statistical significance (p<0.05, Mann-Whitney U test); A was calculated as pre-operative value — post-operative value. Positive A indicates a decrease in
post-operative values, whereas negative A indicates an increase. All time-based ECG measurements were recorded in milliseconds. BMI: Body mass index,
QTc: corrected QT interval, QTd: QT dispersion, QT: QT interval, JTc: Corrected JT interval, JTd: JT dispersion, Tp-e: Tpeak-Tend interval, Tp—ed: Tpeak-Tend
dispersion, QRSd: QRS duration, QRS dispersion: Maximum-minimum QRS duration across 12 leads, SD: Standard deviation, Q1-Q3: Interquartile range.

Table 5. Comparison of A values (Pre-operative — Post-operative) according to smoking status

Parameter Non-smoker (Mean+SD) Median (Q1-Q3) Smoker (MeantSD) Median (Q1-Q3) p
ABMI 12.54+2.56 12.2(10.8-13.6) 12.46+2.16 12.5(10.65-13.55) 0.887
AQTc 5.79+42.21 9 (—14-30) 7.72+22.81 3(-10-24.5) 0.922
AQTd 0.21+£7.33 2 (-4-6) 3.63+7.11 4 (-2-8) 0.059
ATp-e 0.03+£9.77 -2 (-4-4) 0.41+8.77 2 (—4-4) 0.994
ATp-ed —3.59+12.38 0 (-8-4) 2.75+£9.43 3 (-4-7) 0.036*
ATp-e/QT 0.02+0.07 0 (—0.02-0.03) 0.02+0.03 0.01 (-0.01-0.03) 0.254
AJTc 6.29+41.5 4.0 (-11.5-26.5) 7.53+20.5 5.5(-9.3-22.0) 0.375
AJTd 0+6.2 2 (-4-4) 0.97+4.37 2(-2-4) 0.398
AQRSd —0.49+7.88 -1 (-4-2) 0.19£8.17 2 (-4-4) 0.246
AQRS dispersion -0.89+3.87 -2(-3-2) 0.97+3.51 2 (-2.5-3.5) 0.031*
QRSd/QT 0.01+0.03 0.01 (-0.01-0.02) 0.01+0.02 0.01 (-0.01-0.03) 0.274
ATp-e/QRSd 0.01+0.11 0.01 (-0.06-0.05) 0.01+0.11 0 (—0.04-0.04) 0.856

*p: Statistical significance (p<0.05, Mann-Whitney U test); A was calculated as pre-operative value - post-operative value. Positive A indicates a decrease in
post-operative values, whereas negative A indicates an increase. All time-based ECG measurements were recorded in milliseconds. BMI: Body mass index,
QTc: Corrected QT interval, QTd: QT dispersion, QT: QT interval, JTc: Corrected JT interval, JTd: JT dispersion, Tp—e: Tpeak-Tend interval, Tp-ed: Tpeak-Tend
dispersion, QRSd: QRS duration, QRS dispersion: Maximum-minimum QRS duration across 12 leads, SD: Standard deviation, Q1-Q3: Interquartile range.

adverse structural and electrophysiological remodeling and
to the development of obesity-associated cardiomyopathy.
¥l Prolonged and heterogeneous ventricular repolarization
is a characteristic feature of obesity-related electrical
abnormalities."™ Accordingly, obesity-related myocardial
changes have been clinically associated with delayed
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ventricular repolarization and increased repolarization
dispersion on surface ECG."™ Within this context, the present
study examined post-operative changes in ventricular
repolarization parameters following sleeve gastrectomy.

QTc is widely used as a heart rate-corrected measure
of overall ventricular repolarization duration, whereas
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Figure 1. Comparison of ATp—ed values between smokers
and non-smokers. Box-and-whisker plots illustrate the
distribution of ATp-ed values by smoking status. A values
were defined as the difference between pre-operative and
post-operative measurements. Negative A values reflect an
increase in post-operative Tp—ed, whereas positive A values
indicate a post-operative reduction. A significant between-
group difference was observed, with smokers showing
a post-operative decrease in Tp—ed and non-smokers
demonstrating a relative post-operative increase (p=0.036,
Mann-Whitney U test). Tp—ed: Tpeak-Tend dispersion, A:
Pre-operative minus post-operative.
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Figure 2. Comparison of AQRS dispersion values between
smokers and non-smokers. Box-and-whisker plots illustrate
the distribution of AQRS dispersion values by smoking
status. A values were defined as the difference between pre-
operative and post-operative measurements. Negative A
values reflect an increase in post-operative QRS dispersion,
whereas positive A values indicate a post-operative
reduction. A significant between-group difference was
observed, with smokers showing a post-operative decrease
in QRS dispersion and non-smokers demonstrating a
relative post-operative increase (p=0.031, Mann-Whitney U
test). QRS dispersion: Interlead dispersion of QRS duration,
A: Pre-operative minus post-operative.
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QTd was proposed as an electrocardiographic index
reflecting interlead variability and spatial heterogeneity of
ventricular repolarization.'”” However, QTc and QTd have
been controversially affected across studies. According
to the results of a study conducted by Alam et al."® in 11
patients who underwent gastric banding or biliopancreatic
diversion, QTc values showed no significant change despite
weight loss during the 12-month post-operative follow-up.
Similarly, Doherty et al.'® compared the diet group with the
control group in their study of 20 women who lost weight
through dieting, but no significant change in QTc values
was observed. Gupta et al.?® demonstrated that weight loss
achieved with a low-calorie liquid protein diet was associated
with changes in QTd in obese patients. Al-Salameh et al.l?!
found that 28 patients who had sleeve gastrectomy had
significantly lower mean QTc values. However, there was
no link discovered between QTc alteration and weight loss.
Russo et al.'®! performed jejunoileal bypass on 100 obese
patients, and QTc and QTcd values of the patients decreased
significantly 1 year postoperatively. In a recent study by Gul
et al,"? a non-significant increase in the QTc interval was
observed in 48 patients who underwent sleeve gastrectomy,
while a statistically significant decrease in QTcd was noted.
In this study, patients were evaluated at 1 and 6 months
after sleeve gastrectomy. In the present study, QTc values
showed a modest but statistically significant reduction at
6 months after sleeve gastrectomy; however, mean QTc
values remained within the generally accepted normal range
both preoperatively and postoperatively (418.45+28.25
ms vs. 412.01+£28.27 ms). This change was accompanied by
a significant decrease in QTd, which also remained within
physiological limits (53.93£10.95 ms vs. 52.57+10.20 ms).
These findings indicate that weight loss achieved after
sleeve gastrectomy shifts ventricular repolarization toward
a shorter and more homogeneous timing pattern while
remaining within accepted normal limits.

Both QTcd and JTcd serve as indicators of localized differences
in ventricular recovery time and myocardial action potential
duration.™™ Compared with QT-based indices, JT-related
parameters have been proposed as more specific markers of
ventricular repolarization, particularly when depolarization
duration may influence QT measurements.?? In the study
by Russo et al,!'® which included severely obese patients
undergoing bariatric surgery, JTc values were reported to
decrease significantly at 12 months postoperatively. Similarly,
in the study by Gul et al.,'? both JTc and JTcd showed
significant reductions following bariatric surgery, suggesting
a more homogeneous ventricular repolarization profile after
sustained weight loss. In our cohort, JTc demonstrated a
modest but statistically significant reduction at 6 months after
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sleeve gastrectomy, whereas JTd remained unchanged. This
dissociation between changes in JTc and JTd may reflect earlier
functional adaptation of global repolarization timing compared
with indices reflecting spatial heterogeneity of ventricular
repolarization, which may require longer follow-up to show
measurable change.

QRSd reflects the temporal characteristics of ventricular
depolarization on surface ECG.* In the overall study
population, no significant change was observed in QRSd or
QRS dispersion at 6 months after sleeve gastrectomy, whereas
a modest decrease, but statistically significant in the QRSd/
QT ratio was noted. This finding should be interpreted in
conjunction with other electrocardiographic parameters,
as ratio-based indices may reflect combined changes in
depolarization and repolarization rather than isolated
conduction alterations.

The Tp-e has been defined as an electrocardiographic
parameter reflecting the terminal phase of ventricular
repolarization and has been proposed as an index of
transmural dispersion of myocardial repolarization.? In
contrast, clinical surface electrocardiographic measurements
suggest that the Tp—e may represent a more global feature
of repolarization dispersion rather than a direct measure of
transmural heterogeneity, and therefore should be interpreted
as a surrogate electrophysiological marker.?*

In this context, Inanir et al.”® demonstrated that Tp-e and
Tp-e/QTc were significantly prolonged in individuals with
extreme obesity compared with healthy controls, suggesting
an association between obesity and altered ventricular
repolarization characteristics. Similarly, Gul et al."? reported
significant reductions in Tp-e, Tp-e/QT, and Tp-e/QTc
following marked weight loss after bariatric surgery, indicating
favorable modulation of repolarization-related indices.

In our study, although no significant change was observed in
absolute Tp-e or Tp-ed at 6 months after sleeve gastrectomy,
a statistically significant reduction was detected in the Tp-e/
QT ratio. This finding suggests that early post-operative
electrophysiological adaptations may be more readily captured
by ratio-based indices than by absolute time-based or dispersion
measures. Consistent with this interpretation, Smetana et al.?”!
emphasized that Tp-e measurements derived from surface
ECG are influenced by interindividual anatomical and electrical
variability and may therefore exhibit considerable person-
to-person variation in clinical populations. By normalizing
repolarization dispersion to overall repolarization time, the
Tp-e/QT ratio may allow a more consistent assessment of
repolarization dynamics on surface ECG.”?®
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In our study, no significant differences were observed between
genders in terms of weight loss or ventricular repolarization
parameters at baseline or at 6 months postoperatively.
Although the study population was predominantly female,
this distribution is consistent with previous reports in bariatric
surgery and weight-loss studies.!>??

Accumulating evidence indicates that smoking adversely
affects myocardial electrical properties through mechanisms
such as oxidative stress, inflammation, endothelial dysfunction,
and fibrotic remodeling,?*3% thereby contributing to increased
regional heterogeneity of ventricular depolarization and
repolarization. Despite these well-recognized adverse effects,
the present study demonstrated a relatively greater reduction
in Tp—ed (Fig. 1) and QRS dispersion (Fig. 2) among smokers
than non-smokers after sleeve gastrectomy. In addition, AQTd
showed a borderline between-group difference (p=0.059),
suggesting that smoking status may exert a more pronounced
influence on dispersion-based repolarization parameters,
although this finding did not reach conventional statistical
significance. This finding may suggest that smoking-related
electrophysiological disturbances of the myocardium could
regress more rapidly in the context of substantial weight
loss. In addition, within our routine clinical practice, patients
are strongly advised to quit smoking - particularly during
the early post-operative period in conjunction with lifestyle
and nutritional optimization — which may have resulted in
reduced post-operative exposure to cigarette smoke. Such
a reduction could theoretically contribute to autonomic and
electrophysiological adaptation processes, thereby influencing
post-operative  ventricular  repolarization  parameters.
Accordingly, smoking status should be considered not as a
constant variable during the post-operative period but rather
as a behavioral factor that may change over time. Importantly,
evaluating changes in ventricular repolarization parameters
according to smoking status was not among the primary aims
of this study. Moreover, the number of patients within the
smoking subgroups was relatively limited, and the study was
not specifically powered to draw definitive conclusions based
on smoking status alone, which further warrants a cautious
interpretation of these findings. Nevertheless, when the overall
pattern emerging from the analysis is considered, smoking
status should be regarded as a potential confounding factor
that may influence post-operative ventricular repolarization
dynamics. Therefore, the changes observed in dispersion-
based indices among smokers after weight loss should not
be interpreted as definitive indicators of restored electrical
homogeneity.

In summary, this study demonstrated that weight loss
achieved after sleeve gastrectomy was associated with modest
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but statistically significant changes in certain ventricular
repolarization parameters assessed by surface ECG. These
changes occurred while all measured parameters remained
within accepted physiological ranges and therefore appear
to reflect subtle electrophysiological adaptations observed
on surface ECG rather than overt abnormalities in ventricular
conduction or repolarization. In particular, changes observed
in ratio- and dispersion-based indices that jointly evaluate
depolarization-repolarization timing mayindicatealimited but
measurable reorganization of myocardial electrical properties
following substantial weight loss. Nevertheless, because
these findings are derived from surface ECG measurements,
interpretation of their clinical implications should be made
with caution. Further prospective studies incorporating long-
term follow-up and comprehensive assessments are needed
to better clarify the electrophysiological changes observed
after bariatric surgery.

Limitations

This study was conducted at a single tertiary center with a
retrospective design, which may limit external generalizability.
In addition, the 6-month follow-up period was relatively
short to capture long-term electrophysiological remodeling
or clinically relevant arrhythmic outcomes, and therefore,
the findings should be interpreted as early post-operative
adaptations rather than definitive long-term effects. Moreover,
post-operative ECGs were obtained during routine follow-up
visits, and not all patients were evaluated at an identical time
point; minor variability around the 6-month assessment may
have occurred, which could have influenced the magnitude of
observed electrophysiological changes.

In addition, no data on clinical arrhythmic events or sudden
cardiac death were available; therefore, all interpretations are
restricted to electrocardiographic surrogate markers rather
than clinical arrhythmic outcomes.

Autonomic nervous system activity was not directly assessed,
and biochemical variables such as electrolyte balance,
hormonal status, and inflammatory markers were not
incorporated into the analysis, all of which may influence
ventricular repolarization indices. Moreover, routine pre-
operative echocardiography was not available for all patients
due to the retrospective nature of the study. Although patients
with documented structural heart disease or left ventricular
hypertrophy were excluded when prior echocardiographic
data were available, subclinical structural alterations cannot
be completely ruled out and may have influenced surface ECG
findings.

Electrocardiographic parameters were measured manually,
which may introduce observer-related variability despite
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careful standardization. Although all measurements were
independently performed by two blinded cardiologists and
final values were obtained by averaging the measurements,
formal interobserver reliability statistics, such as intraclass
correlation coefficients, were not calculated.

The absence of a non-surgical or normal-weight control group
precludes causal inference regarding the extent to which the
observed electrophysiological changes can be attributed
solely to weight loss, independent of other perioperative or
lifestyle-related factors. In addition, post-operative behavioral
variables, including changes in smoking habits, physical
activity, and dietary adherence, were not prospectively
quantified and may have acted as confounding factors
influencing ventricular repolarization dynamics.

Future multicenter prospective studies with larger sample sizes,
longer follow-up durations, standardized electrophysiological
assessments, and multivariate models incorporating lifestyle,
metabolic, autonomic, and imaging-based parameters are
warranted to validate and extend these findings.

CONCLUSION

In this study, substantial weight loss achieved after sleeve
gastrectomy was associated with modest but statistically
significant changes in selected ventricular repolarization
parameters assessed by surface ECG. Although all measured
indices remained within generally accepted physiological
ranges, post-operative reductions observed in QTc, QTd, JTc,
Tp-e/QT, and QRSd/QT suggest subtle electrophysiological
adaptations following weight loss rather than overt alterations
in myocardial conduction or repolarization.

The present results support the concept that weight loss
following sleeve gastrectomy may be accompanied by limited
but measurable reorganization of myocardial electrical
properties detectable on surface ECG. Exploratory observations
suggest that behavioral factors may modulate post-operative
electrophysiological changes, warranting further investigation.
However, given the retrospective design, short follow-
up duration, and reliance on surface electrocardiographic
markers, the long-term clinical and arrhythmic implications of
these electrophysiological changes remain uncertain. Larger,
prospective studies with longer follow-up and comprehensive
physiological assessments are required to further clarify the
relationship between sleeve gastrectomy, weight loss, and
ventricular repolarization dynamics.

DECLARATIONS

Ethics Committee Approval: The study was approved by the Ga-
ziantep University Clinical Research Ethics Committee (Decision No:
2023/244, Date: 29.08.2023).

77



Yilmaz et al. Weight loss and ventricular repolarization

Informed Consent: Due to the retrospective nature of the study and
the use of anonymized data, the requirement for written informed
consent was waived by the institutional ethics committee.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study has re-
ceived no financial support.

Use of Al for Writing Assistance: None declared.
Authorship Contributions:

Author Contributions: Concept - LY, AA, MS; Design - LY, AA, MS; Su-
pervision — LY, MS; Resources — LY; Materials — LY, AA; Data Collection
and/or Processing - LY, AA, MS; Analysis and/or Interpretation — BKU,
MS, VD, OB; Literature Review — BKU, LY; Writing — BKU, LY, MS, VD, AA,
OB; Critical Review — BKU, MS, VD.

Peer-review: Externally peer-reviewed.

REFERENCES

1. Zhou XD, Chen QF, Yang W, Zuluaga M, Targher G, Byrne
CD, et al. Burden of disease attributable to high body
mass index: an analysis of data from the Global Burden
of Disease Study 2021. EClinicalMedicine 2024;76:102848.
Erratum in: EClinicalMedicine. 2024;78:102958.

2. Yao Y, Xue J, Li B. Obesity and sudden cardiac death:
Prevalence, pathogenesis, prevention and intervention.
Front Cell Dev Biol 2022;10:1044923.

3. Rabkin SW, Mathewson FA, Hsu PH. Relation of body weight
to development of ischemic heart disease in a cohort of
young North American men after a 26 year observation
period: the Manitoba Study. Am J Cardiol 1977;39:452-8.

4. Kannel WB, Plehn JF, Cupples LA. Cardiac failure and
sudden death in the Framingham Study. Am Heart J
1988;115:869-75.

5. Seyfeli E, Duru M, Kuvandik G, Kaya H, Yalcin F. Effect
of obesity on P-wave dispersion and QT dispersion in
women. Int J Obes (Lond) 2006;30:957-61.

6. Ren J, Wu NN, Wang S, Sowers JR, Zhang Y. Obesity
cardiomyopathy: evidence, mechanisms, and therapeutic
implications. Physiol Rev 2021;101:1745-807.

7. Douketis JD, Macie C,Thabane L, Williamson DF. Systematic
review of long-term weight loss studies in obese adults:
clinical significance and applicability to clinical practice.
Int J Obes (Lond) 2005;29:1153-67.

8. Christou NV, Sampalis JS, Liberman M, Look D, Auger S,
McLean AP, al. Surgery decreases long-term mortality,
morbidity, and health care use in morbidly obese patients.
Ann Surg 2004;240:416-24.

9. Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC,
Rosamond WD, et al. Long-term mortality after gastric
bypass surgery. N Engl J Med 2007;357:753-61.

78

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Eur Arch Med Res 2026;42(1):70-79

Sjostrom L, Peltonen M, Jacobson P, Sjostrom CD,
Karason K, Wedel H, et al. Bariatric surgery and long-term
cardiovascular events. JAMA 2012;307:56-65.

Angrisani L, Santonicola A, lovino P, Palma R, Kow L,
Prager G, et al. IFSO Worldwide Survey 2020-2021: Current
trends for bariatric and metabolic procedures. Obes Surg
2024,;34:1075-85.

Gul M, Inci S, Ozkan N, Alsancak Y. Favorable
electrocardiographic changes after substantial weightloss
in patients with morbid obesity: Results of a prospective
study. Herz 2021;46:567-74.

Russo V, Ammendola E, De Crescenzo |, Ricciardi D,
Capuano P, Topatino A, et al. Effect of weight loss following
bariatric surgery on myocardial dispersion of repolarization
in morbidly obese patients. Obes Surg 2007;17:857-65.

Mukeriji R, Petruc M, Fresen JL, Terry BE, Govindarajan G,
Alpert MA. Effect of weight loss after bariatric surgery
on left ventricular mass and ventricular repolarization
in normotensive morbidly obese patients. Am J Cardiol
2012;110:415-9.

Omran J, Bostick BP, Chan AK, Alpert MA. Obesity and
ventricular repolarization: a comprehensive review. Prog
Cardiovasc Dis 2018;61:124-35.

Bazett J. Regression formulas to fit QT/RR patterns: an
analysis of time relations of electrocardiograms. Heart
1920;7:353-67.

Malik M, Batchvarov VN. Measurement, interpretation
and clinical potential of QT dispersion. J Am Coll Cardiol
2000;36:1749-66.

Alam |, Lewis MJ, Lewis KE, Stephens JW, Baxter JN.
Influence of bariatric surgery on indices of cardiac
autonomic control. Auton Neurosci 2009;151:168-73.

Doherty JU, Wadden TA, Zuk L, Letizia KA, Foster GD, Day
SC. Long-term evaluation of cardiac function in obese
patients treated with a very-low-calorie diet: a controlled
clinical study of patients without underlying cardiac
disease. Am J Clin Nutr 1991;53:854-8.

Gupta AK, Xie B, Thakur RK, Maheshwari A, Lokhandwala
Y, Carella MJ. Effect of weight loss on QT dispersion in
obesity. Indian Heart J 2002;54:399-403.

Al-Salameh A, Allain J, Jacques A, Verhaeghe P, Desailloud
R. Shortening of the QT interval is observed soon after
sleeve gastrectomy in morbidly obese patients. Obes
Surg 2014;24:167-70.

Omran J, Firwana B, Koerber S, Bostick B, Alpert MA. Effect
of obesity and weight loss on ventricular repolarization:
a systematic review and meta-analysis. Obes Rev
2016;17:520-30.

Gintant GA, Gallacher DJ, Pugsley MK. The ‘overly-
sensitive’ heart: sodium channel block and QRS interval
prolongation. Br J Pharmacol 2011;164:254-9.



Eur Arch Med Res 2026;42(1):70-79

24,

25.

26.

27.

Antzelevitch C. T peak-Tend interval as an index of
transmural dispersion of repolarization. Eur J Clin Invest
2001;31:555-7.

Kors JA, Ritsema van Eck HJ, van Herpen G. The meaning of
the Tp-Te interval and its diagnostic value. J Electrocardiol
2008;41:575-80.

Inanir M, Sincer |, Erdal E, Gunes Y, Cosgun M, Mansiroglu
AK. Evaluation of electrocardiographic ventricular
repolarization parameters in extreme obesity. J
Electrocardiol 2019;53:36-39.

Smetana P, Schmidt A, Zabel M, Hnatkova K, Franz M, Huber
K, et al. Assessment of repolarization heterogeneity for
prediction of mortality in cardiovascular disease: peak to

28.

29.

30.

Yilmaz et al. Weight loss and ventricular repolarization

theend of the T wave interval and nondipolar repolarization
components. J Electrocardiol 2011;44:301-8.

Gupta P, Patel C, Patel H, Narayanaswamy S, Malhotra
B, Green JT, et al. T(p-e)/QT ratio as an index of
arrhythmogenesis. J Electrocardiol 2008;41:567-74.
Dykiert |, Florek K, Kraik K, Ga¢ P, Poreba R, Poreba M.
Tpeak-Tend ecg marker in obesity and cardiovascular
diseases: a comprehensive review. Scientifica (Cairo)
2024;2024:4904508.

Kaplan A, Abidi E, Ghali R, Booz GW, Kobeissy F, Zouein
FA. Functional, cellular, and molecular remodeling of
the heart under influence of oxidative cigarette tobacco
smoke. Oxid Med Cell Longev 2017;2017:3759186.

79



