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Dynamic changes in aortic stiffness after
substantial weight loss by laparoscopic sleeve
gastrectomy in patients with obesity: a 1-year
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ABSTRACT

Avrterial stiffness has been identified as a powerful
and independent risk factor for cardiovascular
disease. Obesity is associated with an increased risk
of aortic stiffness (AS) and adverse cardiovascular
events. Herein, we aimed to evaluate the effects of
weight loss after laparoscopic sleeve gastrectomy
(LSG) on AS in individuals with morbid obesity by
using the transthoracic echocardiography (TTE).

A total of 53 patients with obesity (17 males, 36
females) who underwent LSG and did not have any
known heart disease were included in the study.
The AS parameters were measured with TTE. The
demographic and echocardiographic data of the
patients were studied before, at 1 month and 12
months after surgery.

The mean age of the study group was 34.41+11.62,
68% of whom were female. There were no
significant differences in terms of the standard
echocardiography and Doppler measurements as
compared with preoperative values (all p>0.05).
When the elastic parameters of the aorta were
compared, no significant differences were detected
regarding aortic strain (%) ((16.28+4.11) vs
(16.68+4.56), p=(0.998)), distensibility (cm?/

dyn) ((6.74+1.78) vs (7.03+2.31), p=(0.997))

and Aortic Stiffness Index values ((10.73+3.84) vs
(10.63+3.34), p=0.998) between baseline and first
month after surgery. In the 12-month follow-up, it
was determined that the aortic strain ((16.28+4.11)
Vs (22.74+5.79), p<0.001) and distensibility
((6.74+1.78) vs (10.34+3.059), p<0.001)) values
increased at significant levels.

Weight loss by LSG improves arterial stiffness
parameters in patients with obesity over a 1-year
follow-up.

INTRODUCTION

Obesity is a prevalent and growing public health
problem worldwide. According to data from
WHO, 39% of the global population above
18 years of age are overweight and of these,
13% have obesity.! Thirty-one per cent of
patients with obesity suffer from the metabolic
syndrome, which doubles the risk for coronary
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Significance of this study

What is already known about this subject?

» Aortic strain is used as a measure for
assessing the early stages of arterial
stiffening.

» It has been reported that reductions in
the aortic strain and distensibility were
considered as an early marker of vascular
stiffness in humans.

» Furthermore, weight reduction in
individuals with obesity has been
associated with increased aortic
distensibility.

What are the new findings?

» In our study, the aortic stiffness data of
the patients with obesity who underwent
laparoscopic sleeve gastrectomy surgery
were evaluated by using the transthoracic
echocardiography method; and
improvements were shown in the mid-term
follow-up after surgical procedure.

How might these results change the focus

of research or clinical practice?

» This technique appears as a simple, reliable
and applicable to evaluate the routine
follow-up of aortic stiffness, which is an
important predictor for cardiovascular
diseases.

disease and stroke, and increases total mortality
by 1.5-fold.*™* Moreover, it has been identified
as an independent risk factor for cardiovascular
morbidity and mortality.” Many studies have
suggested that obesity is associated with an
increased risk of aortic stiffness (AS).°™® Indeed,
the presence of arterial stiffness has been shown
in individuals with obesity, even if they are as
young as 20-30 years.® Therefore, evaluation
of AS is recommended in the management of
patients with obesity by the European Society
of Obesity Studies and the European Society of
Hypertension.’

BM]

Gul M, et al. J Investig Med 2021;0:1-7. doi:10.1136/jim-2021-001778 1

BuAdos Aq paroaloid 1sanb Ag 120z ‘0z Iudy UO /:3])} WOy papeojumoq “TZ0Z Y9IBIN 9 U0 82/ T00-TZ02-WI/9ETT 0T Se paysiand 1s1y :paN Busanu| ¢


http://jim.bmj.com/
http://orcid.org/0000-0002-4576-128X
http://crossmark.crossref.org/

Original research

The elasticity of the aorta could be explained as dilating
by increasing pressure in systole and recoiling slowly to
its initial shape when blood pressure falls in diastole."
Arterial stiffness describes the rigidity of the arterial wall,
which is primarily determined by structural components of
the arterial wall, and vascular smooth muscle tone. Large
arteries lose their elasticity over time due to elastin degener-
ation, collagen accumulation and thickening of the arterial
wall.'” As the aortic wall stiffening, its buffering capacity
decreases gradually, which leads to an increase in cardiac
afterload, reduction in diastolic coronary flow and damage
microcirculation in high-flow organs such as the kidneys
and brain."" Tt is well known that large arterial stiffening
contributes to the development of incident hypertension,
stroke and cardiovascular events.'? AS has also been associ-
ated with vascular aging, which is considered an indepen-
dent predictor of cardiovascular mortality and morbidity."?

Bariatric surgery produces significant weight loss and
reduces mortality and morbidity in patients with established
cardiovascular disease.'* Laparoscopic sleeve gastrectomy
(LSG), a safe and effective bariatric surgical procedure, is
expected to have a favorable effect on many systems, espe-
cially on the cardiovascular system."> Although several
studies have already revealed favorable modulation of the
LSG on the cardiovascular system,'® there is limited data
regarding the effect of LSG on AS. Herein, we aimed to
evaluate the short-term and mid-term effects of substantial
weight loss on AS in individuals with morbid obesity. We
hypothesized that AS would be improved increasingly and
continuously after bariatric surgery.

METHODS

Design and study population

This study was conducted as a prospective manner between
August 2017 and February 2019 in a single tertiary health-
care center. The eligibility criteria were age superior to
18years, body mass index (BMI) =40kg/m? without
comorbidities or a BMI =35 kg/m? with additional comor-
bidity such as type 2 diabetes mellitus (DM), hypertension
and obstructive sleep apnea. Exclusion criteria were the
presence of coronary heart disease, decompensated heart
failure, systolic dysfunction (ie, left ventricular ejection
fraction <509), moderate or severe valvular heart disease,
chronic kidney disease, active malignancy, low-quality
image or other metabolic diseases and the possibility of
endangering safe anesthesia (moderate or severe obesity
hypoventilation syndrome included).

Risk factors for atherosclerosis such as hyperlipidemia,
DM and hypertension were analyzed. Hyperlipidemia was
defined as fasting total cholesterol =200 mg/dL or low-
density lipoprotein cholesterol =130mg/dL or fasting
triglycerides =200 mg/dL. DM was defined as a history of
DM or a fasting glucose =126 mg/dL. Hypertension was
defined as systolic blood pressure >140 mm Hg or diastolic
blood pressure >90mm Hg, or both, in at least three
measurements, or a history of hypertension.

Patients with obesity who had previously failed to weight
loss with conservative methods (diet, exercise schedules,
pharmacological agents and so on) underwent LSG. A total
of 57 patients who underwent LSG were examined. Those
two patients with poor image quality were excluded from

the study. Two patients did not come to follow-up visits.
Finally, data for the remaining 53 patients were analyzed.
Demographic, clinical, laboratory and echocardiographic
measurements of the patients were recorded before, as well
as 1 and 12 months after the surgery. The main objective
was to evaluate the early and mid-term impact of LSG on
the AS.

Our study followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines."”

Transthoracic echocardiography

Echocardiographic examinations were performed by EPIQ
7 digital ultrasound scanner (Philips Medical System, USA)
in the left lateral decubitus position from multiple windows.
All measurements were taken by two experienced cardiolo-
gists who were blinded to the clinical status of the patients.
A single-derivation ECG was simultaneously recorded
during the examination. Standard echocardiographic
images (parasternal long-axis, parasternal short-axis,
apical four-chamber and apical two-chamber views) were
captured and evaluated by motion mode (M-mode), two-
dimensional (2D), continuous stream Doppler and tissue
Doppler imaging according to the American Echocardiog-
raphy Association’s criteria.'® Left trial diameter (LA; mm),
left ventricle end-diastolic diameter (LVEDD; mm), left
ventricle end-systolic diameter (LVESD; mm), interventric-
ular septum diameter (IVS; mm) at end-diastole and poste-
rior wall diameter (PW) at end-diastole were obtained from
the M-mode echocardiographic tracing under the guide of
2D. Left ventricular ejection fraction (EF; %) was calcu-
lated with Simpson’s method as (diastolic volume—systolic
volume)/(diastolic volume).

Diastolic functions were evaluated by measurement of
transmitral flow parameters including the early (E) and
late (A) diastolic filling velocities, and the E/A ratio from
an apical four-chamber view with the sample volume sited
at the tip of the mitral leaflet. Tissue Doppler velocities, a
useful echocardiographic technique for the assessment of
regional and global myocardial function, were measured
from the septal and lateral annulus in apical four-chamber
view. The peak systolic velocity (Sm), early diastolic
myocardial peak velocity (Em), late diastolic myocardial
peak velocity (Am) and E/Em ratio (as the ratio between
the E transmitral flow velocity and mean of the lateral and
septal walls Em velocity) were measured. The values were
determined by averaging three subsequent beats.

M-mode rod was placed so that it passed through the
aortic region and was 3 cm distal to the aortic valve, systolic
and diastolic diameters of the ascending aorta were obtained
from the aortic trace. Systolic diameter was measured
from the location of the aortic trace in which maximum
forward movement was observed, while diastolic diameter
was measured from the location that corresponded to the
R spike of the ECG. To determine the pulse pressure (PP),
which was necessary for calculating the relevant parameters,
systolic blood pressure and diastolic blood pressure were
concurrently measured using a mercury sphygmomanom-
eter; the difference between the two blood pressure values
was recorded as the pulse pressure. AS was non-invasively
calculated with TTE based on the relationship between
changes in aortic diameter and pressure with each cardiac
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Figure 1  Systolic and diastolic diameter measurements of

the ascending aorta via M-mode echocardiography. AOD, aortic
diastolic diameter; AOS, aortic systolic diameter; LA, left atrium; LV,
left ventricle; RV, right ventricle.

pulse. Mean systolic and diastolic measurements were
calculated based on three consecutive measurements. AS
was assessed using the established aortic elasticity param-
eters, consisting of aortic distensibility, aortic strain and
Aortic Stiffness Index (ASI)" (figure 1). These parameters
were formulated as:

Arotic strain(%) = (systolic aortic diameter — diastolic arotic diameter)

%100/ diastolic diameter

Distensibility (cm?/dyn) = 2(aortic strain)

/(systolic pressure — diastolic pressure)

ASI = In(systolic blood pressure/diastolic blood pressure)/

[aortic systolic diameter — aortic diastolic diameter/aortic diastolic diameter ]

To investigate changing parameters, deltas were calcu-
lated by subtraction of postoperative values from preoper-
ative ones. The absolute value of the AS parameters were:

Delta ASI: post-LSG ASI value—pre-LSG ASI value.

Delta aortic strain: post-LSG aortic strain value—pre-LSG
aortic strain value.

Delta distensibility: post-LSG distensibility value-pre
LSG distensibility value.

Statistical analysis

Kolmogrov-Smirnov and Shapiro-Wilk tests were used
to test normality. According to results, non-parametric
tests were preferred. Continuous variables such as IVS,
PW and the others were compared using Friedman’s test
among baseline and the postoperative first month and the
year. Dunn’s post hoc multiple comparison tests were used
to know which time points differ from which others.”
General descriptive statistics are summarized as mean+SD
for continuous variables. And ‘p’ value of <0.05 was
considered statistically significant. The parameters such as
Aaortic strain, Aaortic distensibility, AAST and Aweight were
calculated by subtracting the first measurement (baseline)
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from the last measurement (first year). And the Spearmen’s
correlation coefficients were obtained and summarized with
respective p values. In addition, intraobserver and interob-
server agreement of the measurements of 15 randomly
selected patients was assessed by two-way random model
of intraclass correlation (ICC) and given by their 95% Cls.
SPSS V.11.5 for Windows were used for all these statistical
analyses.

RESULTS

A total of 53 patients (17 males and 36 females) who
underwent LSG and completed at least 12 months post-
operative follow-up visit were included for analysis. The
mean age of the study group was 34.41=11.62, 68% of
whom were female. The mean BMI was 44.11+2.66 kg/m?,
and the initial mean weight was 133.32+15.62kg before
the LSG. Among them, 10 patients (19%) had hyperten-
sion, 8 patients (15%) had DM and 19 patients (35%)
had dyslipidemia. Furthermore, 13 (%25) patients were
current smokers at the time of inclusion. Although there
was no surgical morbidity or mortality, only three patients
had wound infection that was fully recovered by medical
treatment. No major complications were detected during
the 1-year follow-up of the patients. There was a substan-
tial improvement in terms of weight loss, aortic strain,
distensibility and ASI in which absolute delta values were
33.11+10.84 kg, 6.50%%3.20%, 3.59+1.99 cm?*/dyn and
3.16%2.32, respectively. The prevalence of hypertension
decreased from 19% to 9% (p=0.003) with highly signif-
icant decrease in systolic blood pressure (p=0.004) and
diastolic blood pressure (p=0.026). Similarly, the preva-
lence of DM, dyslipidemia and smoking was also signifi-
cantly decreased (p<0.05) after surgery. Considerable
improvement of all lipid subfractions was observed during
follow-up (p<0.05) (table 1).

Of note, there were no significant differences in the
conventional echocardiographic measurements (IVS,
LVEDD, LVESD, LA, PW, left ventricular EF and diastolic
filling velocities (E, A and E/A ratios) as compared with
preoperative values (p>0.05) (table 2). Similarly, there was
also no significant difference in tissue Doppler parameters
(Sm, Em, Am, E/Em ratio) that were measured from the
lateral mitral annulus.

Although there was a non-significant increase in
aortic strain at 1month ((16.28+4.11) vs (16.68+4.56),
p=(0.998)), a statistically significant increase was observed
at 1-year follow-up compared with baseline ((16.28+4.11)
vs (22.74%+5.79), p<0.001) (table 2). The distensibility
parameters were measured as 6.74+1.78 (cm*dyn) at
baseline, and 7.03%+2.31 (cm?dyn) 1-month follow-up
(p=0.997). Similar to the aortic strain measurements,
aortic distensibility was also increased significantly in the
1-year follow-up compared with baseline ((6.74%1.78)
vs (10.34%+3.059, p<0.001)). After LSG, the ASI
decreased non-significantly at 1month ((10.73+3.84)
vs (10.63+3.34), p=0.998), but a statistical significant
decrease was observed at 1-year follow-up ((10.73+3.84)
vs (7.56£2.19), p<0.001) (table 2).

In the correlation analysis, delta aortic strain exhibited
a positive and significant correlation with delta weight
(r=0.66, p<0.001). Similarly, a positive correlation was
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Table 1 Clinical, demographic and laboratory characteristics of
the study population at baseline and follow-up after surgery

Baseline 12 months P value
Age (years, mean=SD) 34.41+11.62 35.64+11.57 0.968
Sex, female (n/%) 36 (68%) - -
Weight (kg) 133.32+15.62 101.46+11.27  <0.001
BMI (kg/m?) 44.11+2.66 31.9245.78 <0.001
Hypertension prevalence (n/%) 10 (19%) 5 (9%) 0.003
Diabetes mellitus (n/%) 8 (15%) 5 (9%) 0.041
Dyslipidemia (n/%) 24 (50%) 13 (24%) <0.001
Smoking (n/%) 13 (27.1%) 4 (8%) 0.024
SBP (mm Hg) 129.90+11.38 109.24+11.23 0.004
DBP (mm Hg) 88.94+8.14 74.56+4,62 0.026
Glucose (mg/dL, mean+SD) 112.62+38.95 88.64+66.84 0.001

Low-density lipoprotein 121.43+31.39 99.21+24.97 0.001

cholesterol (mg/dL, mean+SD)

High-density lipoprotein 45.66+11.76 56.24+10.41 0.001

cholesterol (mg/dL, mean+SD)

Triglycerides (mg/dL, mean+SD) 167.85+49.59 95.41+42.17 0.023

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

detected between delta distensibility and delta weight
(r=0.76, p<0.001). Furthermore, a negative and signifi-
cant correlation was found between the AASI and Aweight
(r=—0.32, p<0.018) (figure 2, table 3).

For the variables of aortic strain, distensibility and
ASI, the ICCs were calculated according to the two-way
random and absolute agreement model. Intraobserver
and interobserver reliability statistics obtained for the
measurement of 15 randomly selected patients are given

in the table 4.

DISCUSSION

The main finding of the present study is that weight loss via
LSG reduces AS in patients with morbid obesity. Further-
more, a significant and positive correlation was found
between delta weight and aortic elasticity properties during
the 1-year follow-up.

Aortic elastic properties consisting of aortic strain,
distensibility and stiffness index are used as a measure for
assessing the early stages of arterial stiffening.'® It has been
reported that reductions in the aortic strain and disten-
sibility were considered as an early marker of vascular
stiffness in humans.”' Furthermore, weight reduction in
individuals with obesity has been associated with increased
aortic distensibility.”* Also, the ASI, which is a good char-
acteristic of aortic elasticity, was increased in patients with
obesity compared with normal subjects.” In our study, the
aortic strain and distensibility increased at 1-year follow-up,
whereas the ASI was decreased significantly. In this regard,
our study findings revealed that aortic elasticity parameters
significantly improved 12 months after LSG, correlating
with weight loss.

Many factors have been suggested to explain the relation-
ship between AS and the cardiovascular system. AS is associ-
ated with increased systolic blood pressure, which leads to
an increase in left ventricular afterload, ventricular hyper-
trophy and oxygen demand of the heart.**? Left ventricular
hypertrophy is a well-known risk factor for congestive heart
failure and cardiovascular adverse events.”* ** As a result of
the decreased diastolic blood pressure due to AS, coronary
perfusion deteriorates gradually and leads to subendocardial
ischemia. Despite the increase in oxygen demand, decreased
coronary blood flow causes an ischemia in the myocardia.
Multiple studies have specifically correlated that increased

Table 2  Echocardiographic and aortic elasticity characteristics of the study population at baseline and at follow-up after surgery

Baseline First month First year P value* P1t P2t P3t
IVS (mm) 12.31£1.35 12.04+1.21 11.94+1.02 0.890
PW (mm) 12.11+0.80 12.12+0.77 12.13+0.78 1.000
LVEDD (mm) 46.79+3.38 46.03+3.69 46.39+3.38 0.531
LVESD (mm) 29.62+3.12 29.45+3.13 28.73+2.92 0.424
LA (mm) 36.54+8.25 36.25+7.97 35.45+7.22 0.120
EF (%) 59.81+3.96 59.82+3.94 59.85+3.95 1.000
E (m/sn) 72.73+8.63 72.67+8.13 72.32+8.09 0.399
A (m/sn) 61.00+6.26 61.39+5.83 61.75+5.35 0.120
E/A 1.20+0.17 1.17+0.16 1.16+0.16 0.257
Sm (cm/s) 12.75+1.81 12.56+1.79 12.66+1.50 0323
Em (cm/s) 11.18+1.54 11.13£1.30 11.43+1.26 0.131
Am (cm/s) 9.55+1.20 9.58+1.02 9.49+1.11 0.151
E/Em 6.81+1.31 6.74+1.22 6.49+1.00 0.139
Aortic strain (%) 16.28+4.11 16.68+4.56 22.74+5.79 <0.001 0.998 <0.001 <0.001
Aortic distensibility (cmzldyn) 6.74+1.78 7.03+2.31 10.34+3.05 <0.001 0.997 <0.001 <0.001
Aortic Stiffness Index 10.73+3.84 10.63+3.34 7.56+2.19 <0.001 0.998 <0.001 <0.001

Results are shown as mean+SD. P1=baselinevs 1st month; P2=1st month vs 12th month; P3=baselinevs 12th month.

Statistically significant p values are shown in bold.
*Friedman’s test.
tDunn’s post hoc multicomparison test result.

A, late; Am, late diastolic myocardial peak velocity; E, early; E/Em ratio, ratio between the E transmitral flow velocity and mean of the lateral and septal walls Em
velocity; EF, ejection fraction; Em, early diastolic myocardial peak velocity; IVS, interventricular septum; LA, left atrium; LVEDD, left ventricle end-diastolic diameter;
LVESD, left ventricle end-systolic diameter; PW, posterior wall; Sm, peak systolic velocity.
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Figure 2 Scatter plots of significance correlations between delta weight and aortic stiffness parameters.

arterial stiffness with atherosclerosis.?® 2’ For these reasons,
AS is considered a strong predictor for adverse cardiovas-
cular events.

The pathophysiological mechanisms of the relationship
between obesity and arterial stiffness remain unclear. Seals
and Gates®® speculated that obesity may induce oxidative
stress due to the presence of excessive adipose tissue. In
this case, extracellular matrix proteins lead to changes in
vascular structure and functions by an increase in vasocon-
strictive, vasodilator molecules and vascular muscle cells.
These molecular changes may contribute to the devel-
opment of arterial stiffness. Another critical point is that
insulin resistance, most of which accompany obesity, results
in vascular endothelial dysfunction and vasoconstriction
in obese people.” *° Increased insulin levels may also be
associated with vascular effects like proliferation in vascular
muscle cells and increased collagen production.®’ 3 It has
been shown that the high glucose levels that occur in insulin
resistance stimulate collagen synthesis and bind to protein
fibers.*

Adipocytes and preadipocytes have been identified as
a source of proinflammatory cytokines, including tumor
necrosis factor-o, interleukin (IL)-1 and IL-6; thus, obesity
is considered a state of chronic inflammation.’* We know
that inflammation has a potent role in the pathogenesis of
arterial stiffness.®® Similarly, increased production of angio-
tensin 2 levels from the adipose tissue may contribute to
inflammation and vascular deterioration.’® High angio-
tensin 2 levels may cause increased blood volume in the
circulation because of sodium involvement and vascular
changes with shear stress change.’” It has been revealed
that arterial diameter and wall thickness increased with
obesity,” which can also lead to increased arterial stiffness.

Increased arterial stiffness (regardless of age, gender and
blood pressure) was closely associated with abdominal fat
deposition and general adiposity.”” In these studies, the
abdominal visceral fat tissue was measured with tomog-
raphy and was shown as a strong predictor of AS.* !
Wildman et al** showed that there was a strong association
between weight gain and AS progression in healthy young
individuals in 2years follow-up. Mahfauz et al* found
similar results in accordance with Wildman et al. However,
Benetos et al** failed in showing this relationship. Although
this situation is confusing, the fact that the patient group
of the study conducted by Benetos et al was elderly may
explain the situation partly. Furthermore, it has been shown
that there is a difference between arterial stiffness in male
and female populations, especially in the postmenopausal
period.” On the other hand, the fact that most of our study
patients were in the premenopausal state may have affected
the study results.* Iancu et al*® found that the basal aortic
elasticity parameters correlated with preoperative BMI,
waist circumference, systemic hypertension, blood glucose
levels and aortic elastic parameters. We could hypothesize
that AS, which is impaired by many mechanisms in patients
with obesity, would be improved after LSG follow-up.

Although there are many studies on AS in patients with
obesity, there are limited data regarding the effect of weight
loss after bariatric surgery. Rider et al*’ showed that signif-
icant improvements were in AS as a result of losing weight
via diet. The effect of surgical weight loss by LSG on AS

Table 4 Reliability demonstrated by intraclass correlation
coefficient (ICC) and 95% Cls for the aortic stiffness parameters

95% Cl
Lower Upper
ICC bound bound P value
Table 3 Correlation coefficients of aortic stiffness parameters
. . ) Interobserver
with weight loss (Spearman’s rho) Aortic strain (%) 084 065 0.99 0.002
ADistensibility  AAortic Stiffness Aortic distensibility (m¥dyn) ~ 0.88  0.69 0.97 0.001
ARortic strain (%) (cm*/dyn) Index Aortic Stiffness Index 082 058 0.91 0.011
AWeight (kg) Intraobserver
Rho (r)  0.666 0.766 0.324 Aortic strain (%) 097 088 0.99 <0.001
Pvalue <0.001 <0.001 0.018 Aortic distensibility (cm’/dyn) ~ 0.98 0.86 0.97 <0.001
N 53 53 53 Aortic Stiffness Index 0.94 0.78 0.99 <0.001
Statistically significant p values are shown in bold. Statistically significant p values are shown in bold.
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parameters remains unclear. Many studies have revealed
a significant improvement in inflammation, sympathetic
activity and endothelial dysfunction after LSG* *
patients with obesity. Also, Iancu et al*® showed that there
were significant improvements in the aortic elastic parame-
ters at 6-month and 1-year follow-up after LSG. In the light
of these data, it may be considered that many pathophysi-
ological conditions that are caused by obesity may recover
after weight loss. Endothelial functions are likely to return
normal with the activation of the nitric oxide system, which
is one of the main components of endothelial dysfunction.’®
Increased plasma levels of endothelial activation markers
in individuals with obesity reflect the positive association
between cardiovascular disease and obesity.”! Nijhuis et al
monitored patients’ endothelial cell activation markers for
2years after bariatric surgery and observed that bariatric
surgery can reduce endothelial activation in the long-term.”’
The decrease in inflammation, which is one of the crucial
pathophysiological components can be considered as one of
the leading causes of this improvement.

Bariatric surgery increases the concentrations of
adiponectin, an anti-apoptotic and anti-inflammatory cyto-
kine, whereas decreases the levels of resistin, which has been
shown to cause atherogenesis.’> Although the cross-linking
of collagen and protein is irreversible, we have demon-
strated a reduction in obesity-related comorbidities. These
improvements may have a positive effect on cardiovas-
cular morbidity and mortality with LSG. The fact that the
correlation between weight change and stiffness parameters
during the follow-ups confirms the relationship between
adipose tissue and AS reported in previous studies. Weight
loss after LSG is an important parameter for the recovery
of AS. Motivation and therapies to the continuation of life-
style changes after LSG can positively contribute to the AS
improvement in these patients.

Obesity is closely associated with numerous comorbid-
ities such as hypertension, dyslipidemia, ischemic heart
disease, stroke and DM.’ Both obesity and its comorbidi-
ties are well-known risk factors for the development of AS.°®
And it is well known that effective management of athero-
sclerotic risk factors are an important goal for protection
from arterial stiffness.’® Bariatric surgery provides effective
weight loss and leads to significant improvements in cardio-
vascular outcomes. It has also been shown that LSG reduces
the long-term estimated risk of coronary heart disease in
patients with obesity.’* We revealed a significant improve-
ment in comorbidities that are independent predictors of
AS, which was compatible with the findings of previous
reports.* We believe that bariatric surgery will enhance
future cardiovascular health for individuals with obesity.

LIMITATIONS

This study should be evaluated in light of some limitations.
First, our study was conducted as a single-centered and not
randomized. Second, our study population was relatively
small, further clinical randomized trials with greater partic-
ipation can offer strong statistical data. Also, our study
cohort was not homogenous in terms of gender, so results
of this study may not be directly applicable to the whole
population. Third, we did not have the opportunity to use
the pulse wave rate in measuring arterial stiffness since this

method is not used routinely in our clinical practice. Finally,
although our study was a follow-up study, only 1-year
follow-up was carried out, so studies with longer follow-up
periods may be a need.

CONCLUSION

In our study, the AS data of the patients with obesity who
underwent LSG surgery were evaluated by using the trans-
thoracic echocardiography method; and improvements
were shown in the mid-term follow-up after surgical
procedure. In addition, this improvement was found to be
correlated with weight loss change. This technique appears
as a simple, reliable and applicable to evaluate the routine
follow-up of AS, which is an important predictor for cardio-
vascular diseases. Further prospective and long-term studies
are needed in this respect.

Clinicians should be aware of bariatric surgery benefits
and encourage patients to bariatric surgery along with strict
dietary and exercise recommendations to achieve sustained
weight loss and improve cardiovascular risk.
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