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Abstract
Introduction: Although metabolic surgery has been shown to offer beneficial 
primary outcome results in obese individuals / obese Type 2 diabetes mellitus 
(T2DM) patients, there is paucity of information on the underlying mechanisms. 
In the recent years, estimations of non-invasive molecular parameters viz., 
telomere length and mtDNA copy number (mtDNAcn) assume significance as 
robust biomarkers. However, there is lack of evidence about this especially, in 
the Indian context. To assess the changes in the telomere length and mtDNAcn 
levels after metabolic surgery in obese Asian Indians with dysglycemia along 
with routine measurements of anthropometry, glycemic/lipidimic parameters 
and inflammatory markers.

Methods: This study is a prospective one-year follow-up study of 16 obese 
individuals with dysglycemia who underwent metabolic surgery at a tertiary diabetes 
centre in South India. Telomere length, mtDNAcn, serum adiponectin, glycated 
haemoglobin and high- sensitivity C-reactive protein (hs-CRP) levels were 
analysed before surgery and at 6 and 12 months after surgery.

Results: There was a significant reduction in weight (p<0.001), BMI (p<0.001), 
waist circumference (p<0.001), fasting and postprandial glucose (p<0.05), 
HbA1c (p<0.001), triglycerides (p<0.05), hs CRP (p<0.05) and increase in 
serum adiponectin (p<0.05) at 6 and 12 months post-surgery compared to the 
preoperative status. There was a significant reduction in mtDNAcn (p<0.001) 
and a significant increase in telomere length (p<0.001) at 6 and 12 months post 
metabolic surgery.

Conclusion: We report an increase in telomere length and decrease in circulatory 
mtDNA copy number levels at 6 and 12 months post metabolic surgery in obese 
individuals with T2DM in India.

Introduction

Type 2 diabetes mellitus (T2DM) has 
a strong association with obesity 

and unhealthy lifestyle regardless of 
genetic predisposition.1 Obesity is a 
complex multi- factorial disease that has 
genetic, behavioural, environmental 
and socio-economic origins leading to 
an increase in morbidity and mortality. 
Nitrogen compounds, free radicals 
and reactive oxygen species (ROS) are 
needed in low concentration for normal 
cell functioning, intracellular signalling 
and cell redox state. However there is 

an excess production of  ROS and free 
radicals in certain disease conditions 
l i k e  T 2 D M  a n d  o b e s i t y .  H i g h e r 
concentration of ROS and free radicals 
can damage cellular proteins, lipids, 
carbohydrates, DNA and other cellular 
structures and impair cell function.2

H i g h e r  c i r c u l a t i n g  l e v e l s  o f 

triglycerides in obesity and T2DM leads 
to excess infiltration and accumulation 
of  tr iglycerides  in  the peripheral 
tissues and this excess in triglycerides 
is  shown to induce mitochondrial 
(mt) dysfunction, increase oxidative 
stress and impair energy substrate 
metabo l i sm as  wel l  as  ox idat ive 
phosphorylation. Oxidative stress is 
known to cause cellular injury and 
release  excess  amount  of  mtDNA 
fragments into the circulation.3 Higher 
circulating levels of plasma mtDNA 
fragments are associated with oxidative 
stress, mtDNA damage and in obese 
individuals with T2DM, it correlates 
with insulin resistance.4

Telomere length is  determined 
by genetic factors but throughout 
human life it is also influenced by 
various non-genetic factors. Longest 
and shortest telomere length are present 
at birth and old age, respectively.5 
Aging is associated with a progressive 
shortening of telomere length and it 
varies with the type of the cell and 
mitotic tissue.6 Telomere length was 
reported to shortened in both type 1 
diabetes mellitus (T1DM) and T2DM 
as well as in obesity states.7 Apart 
from diabetes and obesity, studies 
have  a l so  repor ted  tha t  t e lomere 
shortening is associated with impaired 
glucose tolerance,  atherosclerosis, 
hypertension, dyslipidemia, diabetic 
kidney disease,  insulin resistance 
and non-alcoholic fatty liver disease 
(NAFLD).8

Metabolic surgery is an effective 
strategy to reduce both obesity and 
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diabetes by altering or reversing various 
patho-physio logica l  mechanisms. 
Studies have shown the effects of 
metabolic surgery in rescuing the cell 
from oxidative stress and delaying the 
progression of biological aging.9 There 
is a lacuna of data among the obese 
Asian Indians with dysglycemia with 
regard to oxidative stress. The potential 
associations between telomere length 
and mitochondrial DNA copy number 
(mtDNAcn) with diabetes has been 
studied cross-sectionally.10 Prospective 
studies in this field are scarce, with 
very few reporting that telomere length 
is increased after bariatric surgery 
compared to before. 11 The current 
study aimed to evaluate the benefits 
of metabolic surgery with a special 
emphasis on changes in telomere length 
and mtDNAcn, a year after surgery in 
obese Asian Indians with dysglycemia.

Methods Study Design

This is a prospective observational 
study of individuals with dysglycemia 
who underwent metabolic surgery 
between November 2013 and March 
2019. A total of 36 individuals with 
pre diabetes or type 2 diabetes were 
recruited, who underwent metabolic 
surgery at a tertiary referral centre for 
diabetes in Chennai, South India. For 
purpose of this study sixteen (14 T2DM 
and 2 prediabetes, male 6 and female 
10) individuals who agreed to take part 
in subset of studies and willing to give 
additional blood samples for analyzing 
va r i o u s  b i o c h e m i c a l  p a r a m e t e r s 
were included in the present study. 
Written informed consent was obtained 
from all the study participants. All 
s tudy procedures  were  conducted 
in accordance with the declaration 
of the Helsinki and approved by the 
Ethical Committee of Madras Diabetes 
Research Foundation, Chennai India 
(MDRF/NCT/07- 02/2014).

Al l  the  individuals  underwent 
pre-operat ive ,  mul t i -d isc ip l inary 
evaluation by a bariatric surgeon, 
physician, anaesthetist, psychologist 
and dietician prior to surgery. Diabetes 
history, medications, risk factors and 
co morbidities associated with obesity 
were recorded.
Anthropometry and blood pressure 
measurements

Anthropometr ic  measurements 
including weight, height, and waist 
circumference were measured using 

the standard techniques.12 Height (in 
cm) was measured using a stadiometer 
(SECA Model 214,  Seca GmbH Co, 
Hamburg, Germany). Weight (in kg) was 
measured with an electronic weighing 
scale (SECA Model 807, Seca GmbH 
Co, Hamburg, Germany) that was kept 
on a firm horizontal flat surface. Waist 
circumference was measured at the 
smallest horizontal girth between the 
costal margins and the iliac crest at 
the end of expiration. Blood pressure 
was recorded in the sitting position 
in the right arm to the nearest 1 mmHg 
using a mercury sphygmomanometer 
(Diamond Deluxe, Pune, Maharashtra, 
India). Two readings were taken 5 min 
apart and their mean was taken as the 
blood pressure.
Biochemical investigations

Biochemical analysis was done at 
our laboratory which is certified by the 
College of American Pathologist and 
the National Accreditation Board for 
Testing and Calibration Laboratories. 
A fasting venous blood sample was 
collected after an overnight fast of 
at least 10 hours for the estimation of 
fasting glucose and lipids and, after a 
standard South Indian breakfast, a 2 
hour postprandial sample was obtained 
for  pos tprandia l  p lasma g lucose 
estimation. Plasma glucose levels were 
analysed by the hexokinase method, 
serum choles tero l  by  choles tero l 
o x i d a s e  p e r o x i d a s e  a m i d o p y r i n e 
method, serum triglyceride by the 
glycerolphosphate oxidase-peroxidase-
amidopyrine method, high density 
lipoprotein(HDL) cholesterol by direct 
method- immunoinhibition method, 
h s - C R P  b y  i m m u n o t u r b i d o m e t r y 
measured using Beckman Coulter 
AU680 (Ful ler ton,  CA,  USA)  and 
Beckman kits. Low-density lipoprotein 
(LDL) cholesterol was calculated using 
the Friedewald formula.13 HbA1c was 
measured by high-performance liquid 
chromatography using the Variant II 
Turbo (Bio-Rad, Hercules, CA, USA). 
The intra and inter-assay coefficients 
of variation for the biochemical assays 
ranged between <3.1 and 7.6%.
Adiponectin measurements

Adiponect in  was  measured  by 
quantitative sandwich enzyme linked-
immune sorbent  assay  technique 
( E L I S A)  ( A d i p o n e c t i n :  C u s a b i o : 
Houston, USA). In brief, a monoclonal 
antibody specific to Adiponectin has 
been pre-coated onto a microplate. 

Standards and samples are pipetted 
into the wells and any Adiponectin 
present is bound by the immobilized 
antibody. After removing any unbound 
s u b s t a n c e s ,  a  b i o t i n -  c o n j u g a t e d 
antibody specific for Adiponectin is 
added to the wells. After washing, 
a v i d i n  c o n j u g a t e d  H o r s e r a d i s h 
Peroxidase (HRP) is  added to the 
wells. Following a wash to remove any 
unbound avidin-enzyme reagent, a 
substrate solution is added to the wells 
and colour develops in proportion to 
the amount of Adiponectin bound in the 
initial step. The colour development is 
stopped and the intensity of the color 
is measured at 450 nm. The values are 
expressed in (ng/ml). The intra- and 
inter-assay coefficients of variation 
were <8% and <10%, respectively.
Surgical technique

O f  t h e  1 6  i n d i v i d u a l s ,  9 
underwent Restr ict ive procedure- 
Laparoscopic sleeve gastrectomy (SG) 
and 7 underwent Gastro intestinal 
diversionary procedures- Laparoscopic 
Rouxen-Y gastric bypass (RYGB).14 The 
type of metabolic surgery was decided 
by the bariatric surgeon depending 
upon the duration of diabetes and other 
comorbid conditions of the patient. 
DNA was quantified using Nanodrop 
One (Thermo Scientific) and was stored 
at -20°c.
Human serum DNA isolation

Serum DNA was isolated using 
commercially available serum/plasma 
DNA isolation kit (#ab15893; abcam). 
Briefly, 500µL of serum sample was 
added into mixture 20 µL digestion 
and 500µL of DNA isolation buffer. 
The resultant  cocktai l  was mixed 
properly and incubated at 650c for 10 
minutes. After that, 500 µL of above 
mixture was added into column tube 
and centrifuged at 12000 rpm for 30 
seconds and discarded flow through. 
Then F-spin column tube was washed with 
70% and 90 % ethanol by centrifuged at 
12000 rpm for 20 seconds respectively. 
Finally, DNA was eluted by adding 
20 µL DNA elution solution into F-spin 
column tube and centrifuged at 12000 
rpm for 30 seconds. DNA was quantified 
Nanodrop One (Thermo Scientific) and 
DNA was stored at -200c.
Telomere length measurement

R e l a t i ve  t e l o m e r e  l e n g t h  wa s 
determined by Real-time PCR approach 
as previously described by10 with minor 
modifications.15 This method measures 
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was significantly increased post surgery 
(p<0.05).

Figure 1 shows that mtDNAcn (762± 
122 vs. 404 ± 55 vs. 208 ± 42, p<0.001) 
was significantly decreased at 6 months 
and this improvement persisted 12 
months postoperatively compared 
to baseline. Figure 2. Shows data on 
relative telomere length (1.41±0.02 vs. 
1.46 ± 0.03 vs. 1.48 ± 0.06 p<0.001) was 
significantly increased at 6 months and 
persisted 12 months postoperatively 
compared to baseline. This increase 
in Telomere length was suggestive 
of a decrease in oxidative stress and 
inflammation levels.

Pearson correlation analysis was 
performed between telomere length as 
well as mtDNAcn with anthropometric 
and biochemical parameters. Telomere 
length was positively correlated with 
weight (r=0.571,  p=0.010) and BMI 

Table1:	 Clinical and biochemical characteristics of individuals with type 2   diabetes (n=16)

Variables Pre-operative Post-operative
6 months 12 months

Age at metabolic Surgery 45 ±12 -NA- -NA-
Duration of Diabetes (years) 8.3 ± 5.9 -NA- -NA-
Male (%) 37.5 -NA- -NA-
Weight (kgs) 107.9 ± 19.5 83.1±14.9 * 76.3±16.5 *
BMI (kg/m²) 41.7 ± 6.5 32.3 ± 4.5* 30.1 ± 4.7*
Waist circumference(cm) 126.1 ± 13.1 107.4 ± 11.5* 103.0 ± 10.4*
Excess body weight loss (%) - 23.4 ± 7.9 29.7 ± 14.8 **
Systolic blood pressure (mmHg) 134 ± 16 115 ± 15 * 115 ± 15 *
Diastolic blood pressure (mmHg) 83 ± 11 72 ± 9 * 75 ± 9 **
Fasting blood sugar (mg/dl) 180.2 ± 60.4 107.6 ± 22.1* 103.3 ± 26.4*
Postprandial blood sugar (mg/dl) 249.2 ± 95.0 124.5 ± 37.9* 111.8 ± 51.5*
HbA1c (%) 8. 9 ± 2.0 6.3 ± 1.0* 6.2 ± 0.9*
Serum cholesterol (mg/dl) 161 ± 29 158 ± 34 157 ± 32 **
Serum triglyceride (mg/dl) 181± 85 117 ± 47 ** 120 ± 64**
HDL-Cholesterol (mg/dl) 37 ± 7 43 ± 9** 46 ± 12 **
LDL-Cholesterol (mg/dl) 87 ± 27 91 ± 33 86 ± 24
hs-CRP (mg/l) 8.3±1 3.1 ± 0.9** 1.3±0.6*
Adiponectin (ng/ml) 24±12 44±28** 67±34*
White blood cells (10^3/µL) 7669±1633 7570 ±1857 6172±1127**
Hemoglobin (g/dL) 12.9 ± 1.7 12.9 ± 1.7 12.7 ± 2.0
**<0.05 -compared to pre-operative; *<0.001-compared to pre-operative; HDL- High Density Lipoprotein; LDL- 
Low Density Lipoprotein; VLDL - Very Low Density Lipoprotein

Fig. 1:	 Mitochondrial DNA (mt DNA) 
copy number in obese Asian 
Indians with dysglycemia prior to 
surgery, 6 and 12 months post-
surgery

Fig. 2:	 Telomere length in obese Asian 
Indians with dysglycemia prior 
to surgery, 6 and 12 months 
post-surgery

the factor by which  the ratio of telomere 
repeat copy number to single - gene 
copy number differs between a sample 
and that of a reference DNA sample. 
PCR ampl i f i ca t ion  was  ach ieved 
using telomere (T) and single copy 
gene, 36B4 (encodes acidic ribosomal 
phosphoprotein) primers (S) which 
serves as a quantitative control. The 
mean telomere repeat gene sequence 
(T) to a reference single copy gene (S) 
was represented as T/S ratio which was 
calculated to determine the relative 
telomere length.

Quantification mitochondrial DNA 
(mt  DNA) copy number :  Human 
m i t o c h o n d r i a l  D N A  ( m t  D N A) 
monitoring primer Set (Takara Bio Inc, 
Kusatsu, Shiga, Japan) was purchased 
from Takara and the experiment was 
carr ied out  as  per  manufacture ’s 
instruction. In brief, 20 ng of DNA and 
Nuclear DNA primers (SLCO2B1 and 
SERPINA1) and mitochondrial primers 
(ND1 -NADH dehydrogenase subunit 
1- and ND5) were added to SYBR green 
mater mix (Clontech Laboratories, 
Mountain View, USA) and Quantitative 
PCR was performed on the Roche Light 
Cycler 96 (Roche GmbH, Mannheim, 
Germany). Relative quantification of 
mitochondrial DNA was determined 
using the ‘ct’ values for mtDNA and 
nDNA and data was expressed as mean 
mtDNAcn.
Statistical analysis

Q u a n t i t a t i v e  v a r i a b l e s  w e r e 

described with means and standard 
devia t ions  (SD) .  Pa i red  t - t es t  as 
appropriate were used to compare 
groups for continuous variables and 
the Chi- square test or Fisher’s exact 
test as appropriate was used to compare 
proportions. We used normalized log-
transformed values for the correlation 
table. All analyses were done using 
the Windows-based SPSS statistical 
package  (vers ion  22 .0 ,  SPSS  Inc , 
Chicago, IL) and p<0.05 was considered 
statistically significant.

Results

Table 1 illustrates the clinical and 
biochemical characteristics of the study 
individuals involved in the study. 
Metabolic surgery resulted in reduced 
body weight (p<0.001), BMI (p<0.001), 
waist circumference (p<0.05), systolic 
and diastolic blood pressure(p<0.001) 
in 6  and 12 months postoperative 
follow-up compared to the preoperative 
status. Improved glycemic variables 
included FPG (p<0.001), PPG (p<0.001) 
and HbA1c (p<0.001), total cholesterol 
(p<0.001) and triglyceride (p<0.05), 
V L D L  ( p < 0 . 0 5 ) ;  i n c r e a s e d  H D L 
cholesterol (p<0.001) in 6 and 12 months 
postoperative follow-up compared 
t o  p r e o p e r a t i v e .  I n t e r e s t i n g l y , 
i n f l a m m a t o r y  m a r k e r  h s C R P 
(p<0.05) was significantly reduced 
in 6 and 12 months postoperative 
follow-up compared to preoperative 
postoperative follow-up. Adiponectin 
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( r=0 .498 ,  p=0 .025)  at  preoperat ive 
a n d  n e g a t i v e l y  c o r r e l a t e d  w i t h 
age (r=-0.555,p=0.013),  weight (r=- 
0.464,p=0.035), HbA1c (r=-0.455,p=0.038) 
and hsCRP (r=-0.691,p=0.002) with one 
year change.  mtDNAcn negatively 
corre la ted with  weight  ( r= -0 .450 , 
p=0.040) ,  waist  c ircumference (r=-
0.688,p=0.002), and diastolic blood 
pressure (r=-0.590,p=0.008) at 12 month 
postoperative follow-up (Table 2).

Discussion

Although metabolic surgery has 
been shown to offer beneficial primary 
outcome results in obese individuals 
/ obese T2DM patients in terms of 
weight loss as well as reductions in 
glycemic and lipidemic parameters, 
there is paucity of information on the 
underlying mechanisms. In this context, 
the present study assumes significance 
and reports the following findings: 
1) There was a significant increase in 
telomere length and decrease in mtDNA 

levels at 6 and 12 months post-surgery. 
2) Inflammatory marker hsCRP levels 
were significantly reduced while there 
was an increase in the adiponectin 
levels at 6 and 12 months after surgery. 
3) Interestingly, age, weight, HbA1c 
and hsCRP levels were negatively 
correlated with telomere length at 12 
months follow-up in those underwent 
metabolic surgery.

Unlike the routine inflammatory and 
oxidative stress markers that change 
with short-term lifestyle, the levels of 
telomere length and mtDNA represent 
robust, long-term biomarkers. We earlier 
reported an association of telomere 
shortening in Asian Indian patients with 
T2DM.10 A recent meta-analysis showed 
a converse relationship between BMI 
and Telomere length in cross sectional 
studies.16 Nathan et. al17 reported an 
increase in telomere length following 
weight loss due to dietary modification 
and lengthening of telomere was shown 
associated with decrease in weight 
and fat mass. Interestingly, a recent 

Indian based GWAS study also revealed 
five genetic variants associated with 
telomere maintaining genes in T2DM.18

Obesity is associated with number 
of metabolic alterations including 
increased oxidative stress and chronic 
low-grade inflammation.19 It is well 
conceived that adipose tissue promotes 
the process of aging and drives the 
development  of  chronic  diseases , 
such as T2DM, non-alcoholic fatty 
liver disease (NAFLD), cancer, and 
cardiovascular  diseases. 19 Indeed, 
a recent, large meta-analysis using 
cross-sect ional  data  from 146,114 
people reported an inverse relationship 
between BMI and telomere length.20

The increase in telomere length 
at 6 and 12 months post-metabolic 
surgery demonstrated in our study in 
obese-diabetic patients is a significant 
observation. Dersham et al21 showed 
an increase in telomere length after 
3-5  years  of  post-gastr ic  surgery. 
Jongbloed et  a l 22 suggested that 
metabolic syndrome is a risk factor 
for accelerated aging of T cells and 
they have demonstrated an increase 
in the telomere length and decrease 
in T cell differentiation which was 
associated with percentage of body 
weight loss 6 months post bariatric 
surgery. Laimer et al11 demonstrated 
an increase in telomere length after 
profound and sustained weight loss 
10 years post bariatric surgery and 
this study emphasized that bariatric 
s u r g e r y  a m e l i o r a t e s  m e t a b o l i c 
abnormalities after profound weight 
loss and these changes could overrule 
the influence of age and protect the 
DNA from the damage. Brando et 
al23 also demonstrated an increase 
in telomere length following raise in 
fat free mass and decrease in waist 
circumference after 8 weeks of short 
term combined exercise.

In our study, metabolic surgery 
resulted in significant reduction in body 
weight, waist circumference, blood 
sugars, HbA1c and serum triglycerides. 
The post operative reduction in the 
availability of fuel (energy -glucose and 
TG) along with weight loss might have 
resulted in decrease in inflammatory 
markers like hsCRP and subsequent 
reduction in oxidative stress. There is a 
significant reduction in the circulating 
mtDNA copy number levels  af ter 
m e t a b o l i c  s u r g e r y ,  w h i c h  c o u l d 
reflect an underlying reduction of the 
mitochondrial oxidative stress levels. 

Table 2:	 Correlation of clinical and biochemical characteristics with pre-operative and 
12-months change in telomere length and mitochondrial DNA in individuals with type 
2 diabetes

Characteristics Telomere length (n=16) mtDNA-CN# (log transfer done) (n=16)
Correlation 

with 
baseline 

(r)

p value Correlation 
with one 

year change
(r)

p value Correlation 
with 

baseline
(r)

p value Correlation 
with one 

year change
(r)

p value

Age (years) -0.356 0.088 -0.555 0.013* 0.220 0.207 -0.364 0.083
Weight( kg) 0.571 0.010* -0.464 0.035* -0.334 0.096 -0.450 0.040*
BMI (kg/m2) 0.498 0.025* -0.330 0.106 -0.097 0.361 -0.405 0.060
Waist circumference 
(cm)

0.358 0.087 -0.413 0.056 -0.186 0.246 -0.688 0.002*

Systolic blood 
pressure
(mmHg)

0.165 0.271 -0.007 0.490 -0.334 0.103 0.008 0.488

Diastolic blood 
pressure
(mmHg)

0.238 0.188 -0.047 0.431 -0.089 0.371 -0.590 0.008*

HbA1c (%) 0.303 0.127 -0.455 0.038* 0.375 0.076 0.010 0.486
Fasting plasma 
glucose (mg/dl)

0.247 0.178 -0.365 0.082 0.006 0.492 0.290 0.138

Postprandial plasma 
glucose
(mg/dl)

0.250 0.175 -0.355 0.089 -0.242 0.184 -0.045 0.434

Hs C-Reactive 
Protein (mg/l)

0.187 0.253 -0.691 0.002* -0.238 0.196 -0.269 0.166

Adiponectin (ng/ml) 0.064 0.407 -0.371 0.078 -319 0.114 -0.220 0.207
Serum cholesterol 
(mg/dl)

0.050 0.430 -0.136 0.315 -0.331 0.114 0.028 0.460

Serum triglyceride 
(mg/dl)

-0.410 0.064 -0.293 0.145 0.091 0.373 -0.026 0.464

HDL-Cholesterol 
(mg/dl)

-0.221 0.214 0.219 0.217 0.028 0.461 0.042 0.440

LDL-Cholesterol 
(mg/dl)

0.374 0.085 -0.012 0.483 -0.428 0.056 0.041 0.442

White blood cells 
(10^3/µL)

-0.096 0.377 0.280 0.177 -0.319 0.144 0.284 0.174

Hemoglobin (g/dL) 0.226 0.228 .702 0.004 -0.322 0.141 0.182 0.276
*p for <0.05 and “r” Pearson's correlation
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While  obesi ty  has  been shown to 
be associated with elevated urinary 
mtDNAcn levels, bariatric surgery 
has been demonstrated to reduce the 
levels of urinary mtDNAcn in obese 
individuals.24 In our earlier study, we 
showed that metabolic surgery resulted 
in significant improvement in beta 
cell function and insulin sensitivity 
along with reduction in anti-diabetes 
medications.25

Conclusion

To conclude, our study in India 
report an increase in telomere length 
and decrease in circulatory mtDNA 
copy number levels at 6 and 12 months 
post metabolic surgery in obese diabetic 
individuals. These robust biomarker 
alterations were more or less correlated 
to primary outcome benefits of metabolic 
surgery. One of the limitations of our 
study is the relatively small sample size 
as well as our estimations of telomere 
length and mtDNAcn levels which was 
done in serum samples. Future studies 
should focus on studying tissues – so 
as  to  demonstrate  the underlying 
mechanisms of beneficial outcomes 
of metabolic surgery as well as to 
look at the clinical implications in the 
beneficial effect of telomere length and 
mtDNAcn as robust biomarkers.
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