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ABSTRACT

INTRODUCTION Obesity, a chronic disease linked to premature aging, is increasingly managed through
metabolic and bariatric surgery (MBS).

AIM  This study aimed to evaluate whether changes in biological age markers depended on the optimal
weight loss rates resulting from MBS.

MATERIALS AND METHODS In this prospective, observational study, 100 patients with obesity scheduled
for MBS from July 2020 to May 2021 underwent a 24-month postoperative follow-up. The telomere
length (TL) was assessed using quantitative polymerase chain reaction. We also evaluated DNA damage,
C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor a (TNF-a) levels, total oxidant
status (TOS), and the metabolic age. We checked whether the percentage of total body weight loss
(%TWL) and the percentage excess weight loss (%EWL) correlated with the changes in aging markers
postsurgery.

RESULTS Forty patients completed follow-up, with 22 achieving optimal (%TWL >20%; %EWL >50%)
and 18 suboptimal (%TWL <20%; %EWL <50%) surgical outcomes. Both groups showed a significant
TL increase and a reduction of DNA damage, CRP, IL-6, and TNF-a levels, TOS, and the metabolic age.
A greater change, however, was only observed for the metabolic age in the optimal outcome group.
The A of change in the other aging markers did not differ between the groups.

concLusionNs Improvements in aging markers, such as TL, DNA damage, inflammatory parameters,
and TOS occur independently of weight loss rates after MBS, suggesting that weight loss indices alone
do not fully capture the therapeutic success of the procedure.

INTRODUCTION The rising prevalence of obesity
is generating significant public concern due to its
association with an increased incidence of severe
cardiovascular events, diabetes, cancers, and oth-
er systemic diseases.! Obesity is a chronic, recur-
rent disease characterized by a state of low-grade
inflammation that causes premature aging.?3 It

has been shown that patients with obesity have
shorter telomeres, genome instability, increased
inflammation, and elevated oxidative stress, all
of them being known markers of aging.**
Metabolic and bariatric surgery (MBS) is cur-
rently the most effective intervention for achiev-
ing substantial and sustained weight loss, as well
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as significantly improving or even inducing remis-
sion of associated comorbidities. Studies’-® dem-
onstrated that in patients who underwent bariat-
ric surgery, a 29% reduction in all-cause mortal-
ity was observed, as compared with nonsurgical
patients, over a long follow-up period. Emerg-
ing evidence® indicates that MBS not only signif-
icantly reduces all-cause mortality, but also po-
tentially enhances overall survival and longevi-
ty. This effect may be mediated through improve-
ments in biomarkers of biological aging and al-
terations in molecular pathways implicated in
the aging process.'®"

Numerous studies'?'® have documented
the therapeutic success of MBS, typically using
numerical weight loss metrics to quantify out-
comes. However, those metrics often fail to cap-
ture changes in comorbidities, improvements
in other objective health parameters, or reduc-
tions in mortality rates. A growing body of evi-
dence'®'® emphasizes the need to use multivari-
able mixed models as more accurate methods of
assessing clinical effect, instead of the percentage
of excess weight loss (%EWL) or the percentage
of excess body mass index loss. In addition, it is
unclear whether the improvement in aging pa-
rameters under MBS is directly related to weight
loss, or whether there are other mechanisms that
promote antiaging effects of the surgery. Other
works'®"7 also support the hypothesis that meta-
bolic surgery has other weight-independent ben-
eficial effects.

AIM  The aim of our study was to evaluate wheth-
er the change in biological age markers depend-
ed on bariatric surgery success, as assessed by
weight loss rates.

MATERIALS AND METHODS In this prospective,
observational study, a cohort of 100 patients with
obesity scheduled for MBS at an academic bariat-
ric surgery center between July 2020 and June
2021 was enrolled. A 24-month postoperative
follow-up was established. All participants en-
gaged in an extensive postoperative care program
which encompassed dietary and psychological
support, including a standard balanced diet.'®?

Inclusion criteria comprised body mass index
(BMI) above 40 kg/m? or above 35 kg/m? with
obesity-related complications, and age ranging
from 18 to 60 years. Exclusion criteria were re-
versal bariatric surgery or previous bariatric sur-
gery, pregnancy during the follow-up period, un-
controlled thyroid disorders, kidney diseases, pan-
creatitis, cancer, depression, neurological disor-
ders, acute inflammatory symptoms or autoim-
mune disorders based on medical interview and
medical history, any condition affecting cogni-
tive function, or taking medications impairing
cognitive function.

Medical hisoty, anthropometric parameters,
and body composition were assessed in all pa-
tients. Biological age markers, including telomere
length (TL), DNA damage, levels of interleukin-6

(IL-6), C-reactive protein (CRP), tumor necro-
sis factor o (TNF-a), total oxidant status (TOS),
and the metabolic age were evaluated before and
24 months after surgery.

The patients who completed follow-up and met
the inclusion criteria were assessed for the clini-
cal effects of MBS, using standard metrics of clin-
ical evaluation, such as the percentage of total
weight loss (%TWL) calculated as (baseline weight
— follow-up weight)/baseline weight] and %EWL
determined as [(preoperative weight — weight
on follow-up)/(preoperative weight - ideal body
weight)] x 100. Weight at BMI of 25 kg/m? was
considered ideal.

Patients were divided into 2 groups based on
whether they achieved optimal (%TWL 220%;
%EWL >50%) or suboptimal (%TWL <20%;
%EWL <50%) outcomes.?® Both groups were ex-
amined for a significant reduction of aging hall-
marks following MBS. Finally, a statistical analy-
sis was performed to determine whether the A of
change in biological age markers differed between
the groups.

Biological age markers Telomere length Ge-
nomic DNA was extracted from blood samples
using the NucleoSpin Blood Purification Kit
(Macherey-Nagel, Diiren, Germany) according to
the manufacturer’s protocol. The extracted DNA
was subsequently dissolved in an EB buffer. DNA
concentration was determined using a Qubit flu-
orometer (Thermo Fisher Scientific, Waltham,
Massachusetts, United States), and DNA integ-
rity was evaluated using an Agilent 2100 Bioana-
lyzer (Agilent Technologies, Inc., Salta Clara, Cal-
ifornia, United States).

Absolute TL values were determined using dig-
ital polymerase chain reaction (PCR) technol-
ogy. High-molecular-weight DNA was diluted
with molecular-grade water to a concentration of
1ng/2 pl, and 1 ng of DNA was used as the input
for analysis. All samples were measured in trip-
licate on the same plate and then averaged. PCR
amplifications were performed using the Qiagen
Qiacuity Digital PCR Machine (Qiagen, Manches-
ter, United Kingdom), following a thermal pro-
file adapted from the quantitative PCR method
developed by Cawthon,® with specific modifica-
tions (details available upon request).?! Each plate
included a nontemplate control, along with 3 es-
tablished reference DNA controls run in tripli-
cate as positive controls.

The forward and reverse telomere primer
sequences were adapted from Cawthon'® and
were as follows: forward: 5'-cggtttgtttgggttt-
-gggtttggotttgggtttgggtt-3' and reverse: 5'-ggc
ttgecttacecttacecttacecttacecttacect-3'.

DNA damage Peripheral blood samples
were collected from all study participants
into ethylenediaminetetraacetic acid tubes
and subsequently frozen at -80°C until
the 8-hydroxy-2-deoxyguanosine (8-OHdG) anal-
ysis was performed. DNA was extracted using

ORIGINAL PAPER Bariatric surgery Evaluating weight loss and aging biomarkers post-MBS 197



TABLE 1 Changes in weight loss rates after surgery in the patients who completed
the follow-up

Variable All patients (n = 40)

minute for 15 minutes to separate the serum,
which was then stored at -80 °C. Prior to the anal-
ysis, the serum samples were further centrifuged
at 10000 x g for 10 minutes at 4°C to eliminate

AWeight, kg Median (IQR) —28.1(-44.08 to —17.35) . .
any insoluble material.

Range ~15510-817 The concentrations of IL-6 and CRP in serum
ABMI, kg/m? Mean (SD) -11.01(5.7) were quantified using commercially available
%TWL Mean (SD) 24.08 (12.04) enzyme-linked immunosorbent assay (ELISA)

Range 54.2-5.8 kits (Bio-Techne, McKinley, Minneapolis, Unit-
%EWL Median (IQR) 52.65 (78.99-30.67) ed States). All the procedures were conducted in

Range 164.14-11.28 accordance with the assay protocols and man-

ufacturer’s guidelines. The IL-6 and CRP levels
were reported in pg/ml and mg/l, respectively.
The serum levels of TNF-a were determined us-
ing the Human TNF-o ELISA Kit (Elabscience Bi-
onovation Inc., Houston, Texas, United States),
following the manufacturer’s instructions. After
completing all procedural steps, the mean (SD)
absorbance of triplicate samples was calculat-

Abbreviations: BMI, body mass index; %EWL, percentage of excess weight loss;
IQR, interquartile range; %TWL, percentage of total weight loss

TABLE 2 Characteristics of the study groups

Variable Group 1, %TWL <20% Group 2, %TWL >20% P value

(n = 22)

(n=18)

Age before surgery, y, 42.5(39.2-52.5) 43 (35.25-49) 0.67 ed. Data analysis was performed using Graph-
median (IQR) Pad Prism version 7.0 (GraphPad Software Inc.,
Sex, n (%) Men 6 (33.3) 8 (36.4) >0.99 La Jolla, California, Unites States) to determine

Women 12 (66.67) 14 (63.6) TNF-a serum concentrations. The results were ob-

Initial weight, kg, 126.35 (121.75-140.75) 1215 (110.5-146.5)  0.29 tained by reading the plate at 450 nm, and calcu-

median (IQR) lated based on the standard curve.

Initial BMI, kg/m?, 46.35 (5.01) 44.13 (6.25) 0.46

mean (SD) Total oxidant status The procedure followed
Body fat mass, kg, 62.25 (53.76-73.08) 56.3 (50.15-67.22)  0.51 the instructions included in the TOS Colorimet-
median (IQR) ric Assay Kit (Elabscience). Each sample was ana-
Metabolic Yes 9 (50) 9(40.9) 0.8 lyzed in triplicate. The serum TOS was assessed by
syndrome, 9 (50) 13 (59.1) measuring the conversion of ferrous ions to fer-
n (%) ric ions in the presence of various oxidative sub-
Current Yes 3(16.67) 6 (27.27) 0.68 stances under acidic conditions. Xylenol orange
somoker, n No 15 (83.3) 16 (72.73) served as an indicator to detect the rise in ferric
%) ions, indicating the TOS. Calibration of the assay
Type (:jf LSG 17(94.44) 21 (95.45) >0.99 was performed using a hydrogen peroxide (H,0,)
m%z;a e LRYGB 1 (5.56) 1(4.55) standard. TOS results were reported in pmol/l of

H,0, equivalent.

A P value <0.05 was considered significant.

Metabolic age Metabolic age was calculated by
comparing an individual’s basal metabolism to
the average metabolic rate expected for someone
of the same age, using the Tanita BC-601 Body
Composition Analyzer (Tanita Corp., Tokio, Ja-

Abbreviations: LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic
sleeve gastrectomy; others, see TABLE 1

asy Blood and Tissue Kit (Qiagen) and quantified

with a NanoDrop 1000 Spectrophotometer (Ther- pan) which incorporates a specific algorithm for
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mo Fisher Scientific). The 8-OHdG levels were as-
sessed using the EpiQuick 8-OHdG DNA Dam-
age Quantification Direct Kit (Epigentek, Cam-
bridge Bioscience Ltd., Cambridge, United King-
dom), adhering to the manufacturer’s instruc-
tions. Absorbance at 450 nm was measured, and
values for each sample were calculated based on
calibration sigmoid plots with 8-OHdG standards
at varying concentrations. The results were pre-
sented as a relative quantification against a posi-
tive control provided with the kit, and normalized
to the input DNA (pg) using the specified formula.

Inflammatory paramete rs: interleukin 6, C-reactive
protein, and tumor necrosis factor a  In all partic-
ipants, blood samples were drawn from the ce-
phalic vein following an overnight fast. The sam-
ples were centrifuged at 3000 revolutions per

this purpose.??

Statistical analysis Continuous variables were
summarized using the number of patients, mean
with SD, or median with interquartile range.
In the case of categorical data, the frequency
distribution of individual responses was pre-
sented using the counts of each category and
their distribution expressed as percentages.
Data were tested for normal distribution with
the Shapiro-Wilk test, and for the homogenei-
ty of variances using the Bartlett test. In order
to compare selected variables by time point, de-
pending on the assumptions, the paired ¢ tests
(parametric tests) or Wilcoxon tests were per-
formed. A P value below 0.05 was considered
significant, but significant results were also in-
dicated for P = 0.01 and P = 0.001.
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FIGURE 1 Box plot
showing the A of change in
biological age markers for
patients with %TWL below
20% and %TWL equal to or
greater than 20%. The
boxes represent the IQR,
from the 25th to 75th
percentiles of the data. The
horizontal line inside each
box indicates the median
value. The crosses
represent the mean value.
Whiskers extend to the
minimum (1st quartile —
1.5 x 1QR) and maximum
(3rd quartile + 1.5 x IQR)
values. Circles denote
individual outliers that fall
outside this range.

Abbreviations:

CRP, C-reactive protein;
IL-6, interleukin-6;

TL, telomere length;
TOS, total oxidant status;
TNF-a, tumor necrosis
factor a; others: see
TABLE 1

12000
10000 T
8000
6000
-g- 1|
4000 X —
< 2000
0
2000 L °
~4000 o
O] %TWL <20%
[] %TWL >20%
4
) -
_ 0 L
S p4
2 X
< 1
3 -4
_6 -
-8
o
-10
O %TWL <20%
[] %TWL >20%
0
-5
E
2 -0 T -
e %
Z 15 H—=—1—
< 1
-20
25 °

O %TWL <20%
[] %TWL >20%

Ethics All the procedures presented in the study
involving human participants were performed
under the ethical standards of the institutional
and national research committee and in accor-
dance with the 1964 Helsinki Declaration and
its amendments, or comparable ethical stan-
dards. The study was approved by the Bioeth-
ics Committee of the Jagiellonian University
(1072.6120.201.2019). Written informed con-
sent was obtained from all the study participants.

RESULTS A total of 40 patients met the inclu-
sion criteria and completed the follow-up. Loss to
follow-up occurred due to various reasons, includ-
ing nonattendance at scheduled appointments,
pregnancy during the postoperative period, and
the need for reoperation or other surgical inter-
ventions within the 24-month follow-up period.
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TABLE 1 shows the achieved weight reduction
effects following MBS for all patients during
follow-up.

Out of the 40 patients, 18 (group 1) were de-
scribed as suboptimal clinical responders, hav-
ing achieved less than 20% of %TWL and 50%
of %EWL. The remaining 22 participants (group
2) were classified as having achieved an optimal
clinical effect, reaching a %TWL of 20% or more
and a %EWL of 50% or more.

Demographic characteristics of the study
groups are summarized in TABLE 2. The average ini-
tial BMI values were similar in both groups and
the initial body weights were comparable. The sex
distribution was also similar in both groups.

First, the changes in biological age mark-
ers resulting from the surgery were checked in
group 1 and group 2. In both groups, the surgical
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TABLE 3 Changes in biological age markers before and 24 months after metabolic and bariatric surgery in the study groups

Variable

Group 1, %TWL <20% (n = 18)

Group 2, %TWL >20% (n = 22)

Before surgery 24 months after P value Before surgery 24 months after P value
surgery surgery
TL, bp, median (IQR) 4084 9300 <0.001 4069 9384 <0.001
(3702.25-4285.75) (7146-9969) (3209-4443.75) (8853-10773)
DNA damage, pg, 1376.9 611.2 <0.001 1518.15 804.61 <0.001

median (IQR)

(1126.64-1636.22)

(522.28-707.26)

(1198.23-1983.64)

(634.68-1028.67)

IL-6, pg/ml, median
(IQR)

3.49 (2.45-4.52)

2.94 (2.2-3.71) 0.03

4.45 (3.14-5.74)

3.18 (2.42-4.08) 0.007

CRP, mg/dI, median 5.64 (5.2-6.15) 3(2.47-3.56) <0.001 6.09 (5.59-6.49) 2.83(2.3-3.28) <0.001
(IOR)

TNF-a, pg/ml, median 23.17 (21.39-25.18) 10.26 (9.75-10.8)  0.03 24.96 (22.97-26.55) 10.79 <0.001
(1aR) (9.75-11.72)

TOS, pmol/l, median 246.5 179.5 <0.001 199 203 <0.001
(IQR) (189-280.5) (145-209.5) (193.75-249.75) (144.75-221)

Metabolic age, y, mean  85.25 (16.84) 73.59 (18.02) <0.001 85.55 (17.04) 62 (17.77) <0.001

(SD)

A P value <0.05 was considered significant.

Abbreviations: see TABLE 1 and FIGURE 1

TABLE 4

Intergroup comparisons of A of change in biological age markers

Variable All patients Group 1 <20% Group 2 > 20% P value
(n = 40) (n = 18) (n = 22)
ATL, bp n 40 18 22 Mann— 0.51
Median (IQR) 50945 49015 5310.5 Whitney
(4049.75-6053.75) (2816.25-6308) (4784.75-5942.5)
ADNA damage, n 36 16 20 Mann- 0.84
Py Median (IQR)  —710.4 —683.65 75007 Whitney
(-1032.9t0-539.18)  (~1055 to —539.18) (~1011.49 to —467.46)
AIL-6, pg/ml n 36 16 20 Mann- 0.29
Median (IQR)  —1.03 (-168t00.01)  —0.74(-1.13t00.07)  —1.1(-1.99t0-0.39)  'Whitney
ACRP, mg/I n 36 16 20 t test 0.1
Mean (SD)  —2.93 (0.99) ~2.62(1.02) ~3.17(0.92)
ATNFa, pg/ml n 36 16 20 t test 0.23
Mean (SD)  —13.75 (2.53) ~13.19(2.12) ~14.2(2.79)
ATOS, pmol/l n 36 16 20 Mann— 0.19
Median (IQR) 54 (-54t0—33.25)  —54 (-61.75t0—49) 54 (54 to 13.5) Whitney
Metabolic age,y n 40 18 22 t test 0.01

Mean (SD)

~18.19(15.91)

-11.65 (11.09)

—23.55 (17.44)

A P value <0.05 was considered significant.

Abbreviations: see FIGURE 1 and TABLE 1
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intervention significantly reduced all the mea-
sured markers of aging. TABLE 3 shows the change
in biological age parameters followingthe surgery.
Subsequently, we compared wheth-
er the achieved A of change in the biological
age markers following MBS differed between
the groups. The results are visualized in FIGURE 1.
The only significant difference in the A of
change in the aging markers was recorded for
the metabolic age (TABLE 4). As expected, patients
with %TWL greater than or equal to 20% achieved
a greater reduction in the metabolic age than
those with %TWL below 20% (-23.55 years vs

-11.65 years; P = 0.01). None of the other parame-
ters (TL, DNA damage, CRP, IL-6, and TNF-a lev-
els, and TOS) differed between the groups. TABLE 5
outlines detailed changes in the aging markers
of the groups.

DISCUSSION The role of MBS in weight reduc-
tion, improving metabolic parameters, and reduc-
ing comorbidities is well established.?% 2* Howev-
er, the definition of optimal surgical outcomes re-
mains debatable. Recently, there has been a shift
from focusing solely on weight reduction to con-
sidering weight-independent effects.?5-26 This
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TABLE 5 Detailed changes in the aging markers of the groups before and after metabolic and bariatric surgery

Variable Group 1, %TWL <20% (n = 18) Group 2, %TWL >20% (n = 22)
Before 24 months  Difference Test Pvalue Before 24 months  Difference  Test
surgery after surgery after
(n =22) surgery (n =18) (surge:\g)
n=
in=22) Difference
TL, bp n 22 22 22 Wilcoxon  <0.001 18 18 18 Wilcoxon  <0.001
Mean 4055.36 8871.82 4816.45 3984.28 8187.33 4203.06
(SD) (1217.65) (2755.88) (2743.21) (718.84) (3743.67) (3750.86)
Median 4069 9384 5310.5 4084 9300 4901.5
(IQR) (3209- (8853— (4784.75— (3702.25-  (7146- (2816.25-
4443.75) 10773) 5942.5) 4285.75) 9969) 6308)
DNA n 20 20 20 Wilcoxon  <0.001 16 16 16 Wilcoxon  <0.001
damage,  prean  1589.83 833.7 -756.13 147162 627.77 -843.85
Pg (SD) (560.33) (240.59) (598.73) (524.9) (225.59) (521.83)
Median 1518.15 804.61 -159.07 1376.9 611.2 -683.65
(1QR) (1198.23- (634.68- (-1011.49 to (1126.64— (522.28- (-1055 to
1983.64) 1028.67) -67.46) 1636.22) 707.26) -539.18)
IL-6, n 20 20 20 Wilcoxon  0.007 16 16 16 Wilcoxon  0.03
pg/mi Mean 467(2.02) 3.37(1.08) -1.29(1.87) 4.06 (2.4) 3(1.02) -1.06 (2.41)
(SD)
Median 4.45 3.18 -1.1(-1.99 3.49 2.94 -0.74
(IOR) (3.14-574)  (2.42-408) t0-0.39) (245-452) (2.2-371) (113
t0 0.07)
CRRmg/ n 20 20 20 Wilcoxon  <0.001 16 16 16 Wilcoxon  <0.001
Mean 6.07(0.64)  2.89(0.72) -3.17(0.92) 5.74(0.63)  3.12(0.94) -2.62 (1.02)
(SD)
Median ~ 6.09(5.59-  2.83(2.3- -3.44(-3.76 5.64 3(2.47- -2.65
(IQR) 6.49) 3.28) to-2.71) (5.2-6.15)  3.56) (-3.35t0
-2.01)
TNFa, n 20 20 20 Wilcoxon  <0.001 16 16 16 Wilcoxon  <0.001
pg/mi Mean 24.86 10.67 (1.55) -14.2(2.79) 23.54(25) 10.35(0.92) -13.19
(SD) (2.57) (2.12)
Median 24.96 10.79 -14.55 23.17 10.26 -12.77
(1QR) (22.97- (9.75- (-15.41 to (21.39- (9.75-10.8)  (-14.17to
26.55) 11.72) -11.65) 25.18) -11.81)
TOS, n 20 20 20 Wilcoxon  0.006 16 16 16 Wilcoxon  <0.001
Mol vean 218,25 187.8 -30.45 241.69 179.25 —62.44
(SD) (38.75) (43.73) (46.75) (44.13) (42.57) (29.32)
Median 199 203 -54 246.5 179.5 -b4 (-61.75
(1QR) (193.75— (144.75- (-54 10 13.5) (189 (145-209.5)  to-49)
249.75) 221) 280.5)
Metabolic n 22 22 22 t test <0.001 18 18 18 t test <0.001
age.y Mean 8555 62(17.77)  -2355 85.25 7359 ~11.65
(SD) (17.04) (17.44) (16.84) (18.02) (11.09)
Median ~ 83.5(73.5- 59.5 -20.5(-33t0 83 (75.5- 735 -12 (-15.58
(IQR) 94.5) (48.25- -9.75) 95.35) (61.25- to-4.5)
68.25) 86.17)

A P value <0.05 was considered significant.

Abbreviations: see TABLE 1 and FIGURE 1

study aimed to investigate whether reductions
in the aging markers following MBS differed based
on established definitions of bariatric success.
We demonstrated that patients achieving
both %TWL greater than or equal to 20% and
%TWL below 20% showed significant reduc-
tions in the aging markers, with no difference in
the A of change between the groups. This indi-
cates that the reduction in the aging markers fol-
lowing MBS occurs independently of weight loss.

ORIGINAL PAPER Bariatric surgery Evaluating weight loss and aging biomarkers post-MBS

Additionally, we assessed various aging markers,
including TL, DNA damage, inflammatory param-
eters, and TOS. Only the metabolic age marker
correlated with %TWL, as expected due to its di-
rect dependence on body weight.

There are a few studies?’-?® evaluating the ef-
fect of weight loss on the reduction of the ag-
ing markers following surgery, but they describe
weight-loss—independent effects on other mech-
anisms. The almost immediate effect of surgery
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FIGURE 2 Box plot
showing the A of change
in the metabolic age for
patients with %TWL
below 20% and %TWL
equal to or greater than
20%. The boxes represent
the IQR, from the 25th to
75th percentiles of the
data. The horizontal line
inside each box indicates
the median value. The
crosses represent the
mean value. Whiskers
extend to the minimum
(1st quartile — 1.5 x 1QR)
and maximum (3rd quartile
+ 1.5 x IQR) values.

Abbreviations: see
TABLE 1
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on the mechanism of glycemic control in patients
with type 2 diabetes points to gut hormones and
neuroendocrine changes that occur rapidly after
surgery, regardless of BML

The effect of MBS on TL remains controversial,
but long-term TL increase has been noted. Our
study showed significant TL extension 2 years
post-MBS, regardless of whether %EWL of 50%
was achieved. In contrast, Rolles et al'® found
TL elongation in lymphocytes only in patients
with a BMI loss greater than or equal to 10 kg/m?
over a shorter mean (SD) follow-up of 5.5 (3.9)
months, which possibly explains the differing re-
sults. Consistent with our findings, a 10-year fol-
low-up study on bariatric surgery patients, per-
formed by Laimer et al3® on patients demonstrat-
ed a TL increase without a correlation with BMI
or %EWL. The authors underscore the signifi-
cance of baseline cholesterol and triglyceride lev-
els on telomere length. Another study®' indicated
that leptin level changes significantly impact TL.

Weight loss has been shown to reduce genomic
damage; however, this effect is not linearly relat-
ed to weight loss, but may also depend on the re-
duction of oxidative stress or inflammation, and
may be related to the maintenance of a longer
plateau period after weight reduction.3? A study
by Ferk et al® on alterations in gene stability af-
ter surgery showed changes in the DNA repair
system already in the first month after the pro-
cedure, with only a slight increase in subsequent
months. This change dynamics indicates that it
is not weight loss alone that affects the repair
system.

It is hypothesized that reduced inflammatory
marker levels resulting from weight loss lead to
TL extension and improved gene stability.3? Our
results show similar reductions in CRP, IL-6, and
TNEF-a levels in the patients with both optimal
and suboptimal surgical outcomes. BMI alone
does not reflect changes in body composition,
such as visceral and subcutaneous fat or mus-
cle tissue. Visceral adipose tissue generates pro-
-inflammatory cytokines, while subcutaneous ad-
ipose tissue transplant has been shown in animal
models to have a positive effect on glucose control
and insulin sensitivity." Furthermore, maintain-
ing muscle mass may enhance the production of
myokines, counteracting adipokines and reduc-
ing insulin resistance.3%35 Despite highlighting
the differences in the %TWL obtained, changes

in the patients’ body composition may have been
more important.

There is only a handful of studies evaluating
changes in pro-oxidant/antioxidant homeosta-
sis. Although a study by Chromarska et al*® dem-
onstrated a significant reduction in plasma TOS
following surgery, the first significant change oc-
curred as early as 1 month postoperatively, and
the effect remained at a similar level in the fol-
lowing months, irrespective of further weight
loss. These findings align with our observations
that TOS reduction also occurs independently
of weight loss.

Although numerous studies?*3? have shown
that surgery can reduce aging markers, the under-
lying mechanisms are still not fully understood.
Weight loss alone is not an accurate parameter
to assess the effect of surgery. Aminian et al¥’
showed that a reduction in cardiovascular events
occurred in nonsurgical patients at a 20% weight
loss, while in surgical patients, at a 10% weight
loss. Research focusing on changes in body com-
position, such as fat distribution and muscle
mass, could shed some light on how the reduc-
tion of aging hallmarks occurs. In the evaluation
of surgical effects, it is worth considering the re-
duction of aging markers as a positive treatment
outcome.

Our study has certain notable limitations. Al-
though we carefully selected a follow-up group
receiving aftercare from a dietitian and psychol-
ogist, we cannot rule out the impact of medica-
tion and supplements on the aging markers mea-
sured. Additionally, the small size of the compared
groups and follow-up challenges affected our anal-
ysis. However, we did make efforts to determine
precise exclusion criteria and conduct long-term
follow-up. Including an assessment of postoper-
ative physical activity would have further sub-
stantiated the study.

CONCLUSIONS
aging-related markers, including TL, a reduction
in DNA damage, lower levels of inflammatory pa-
rameters, and a decrease in TOS. Notably, these
benefits occur independently of achieving opti-
mal weight loss.

MBS leads to improvements in
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