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Abstract

Objective: Study analyzes mutation in mtDNA (Mitochondrial DNA) among diabetic women with PCOS in non-
diabetic diabetic women and compared with the healthy control. Women with known case of hyperandrogenism,
ovulatory dysfunction and/or polycystic ovaries were selected and anthropometric and demographic variables were
collected during their clinical visit. Biochemical estimation of glucose, FSH, LH, estradiol (E2), and insulin levels were
analyzed. Mutational analysis of mt-tRNA genes of each individual was compared with the updated consensus Cam-

tant causal factor in PCOS.

bridge sequence. The mtDNA content was determined in triplicate using SYBR green PCR mastermix.

Results: The clinical and biochemical characteristics of participants showed no statistical difference in age and/or
FSH, PRL, E2, PRGE or fasting glucose value between patients of different groups. Women with PCOS-D had signifi-
cantly higher LH, LH/FSH, TT and fasting insulin levels and HOMA-IR with respect to the control group. Ten different
type of mutation were seen in POCS group. Most of these mutations were confined to evolutionarily conserved
region. The mtDNA copy numbers were considerably lower PCOS group irrespective of diabetic status. To conclude,
the current study inferred that the mutations occur in the mitochondrial genome, mt-tRNA in specific, are the impor-

Keywords: MtDNA, PCOS, Copy number, Mutation, Diabetes, Maternal inheritance

Introduction

Polycystic ovary syndrome (PCOS) affects women up to
5-10% during their reproductive age and is an endocrine-
dependent multifactorial symptom such as ovulatory
dysfunction, hyperandrogenism, anovulation, and poly-
cystic ovarian morphology [1]. The presence of a number
of cysts in the ovaries is the predominant characteristic
of this syndrome which results in the condition termed
as ‘hyperandrogenism’ and ovulatory dysfunction. There
is an association between insulin resistance and PCOS in
about 40% of the women which results in hormonal dis-
turbance [2]. This hormonal disturbance is a critical fac-
tor associated with the syndrome. Various studies proved
the presence of PCOS in women who are diagnosed with
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T2DM (Type 2 Diabetes Mellitus) though this is not
clearly explored area in terms of molecular biology [3, 4].

Sometimes hyperglycemia may induce the excess pro-
duction of ROS (reactive oxygen species) which eventu-
ally results in the malfunction of the mitochondria [5].
Cells and their cellular organs i.e. mitochondria play a
vital role in the production of ATP required in a number
of cellular processes, for instance glucose metabolism.
T2DM has an association with maternal mitochon-
drial inheritance in addition to PCOS [6]. During glu-
cose metabolism, some researchers suggested that the
production of insulin might significantly vary as per
the functioning of mitochondria [7-9]. Two genes such
as mitochondrial oxidative phosphorylation genes and
mitochondrial tRNA genes act as the dependent factor
for glucose metabolism. If there is any mutation occurs
in these genes, it eventually impacts the maternally-
inherited diabetes according to Lee et al. [10] and Lee
et al. [11] According to Liu et al. [9], mitochondria can be
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mentioned as a complete cell entity within a cell since it
has indigenous DNA [10, 11]. The mitochondrial activi-
ties can be measured by the cellular activities of mito-
chondria DNA.

It is a well-accepted fact that any changes brought in
the mitochondrial DNA genes results in its altered func-
tions in association with peripheral IR and glucose intol-
erance [12, 13]. In order to understand this biological
scenario, the current study is conducted to analyze the
frequency of mutation in mtDNA among diabetic women
with PCOS and compared it with non-diabetic women
with PCOS and diabetic non PCOS women. The results
would enable to evaluate the association of the mtDNA
mutation with PCOS in diabetic and non diabetes women
in this ethnic population.

Main text

Methods

In a prospective case controlled study conducted
between January 2016 and December 2017, women’s of
reproductive age with known case of PCOS as indicated
by the 2003 Rotterdam Criteria (1) according to which
women’s having two of three conditions hyperandro-
genism, ovulatory dysfunction and/or polycystic ovaries
were selected. Womens suffering with some other endo-
crine (thyroid disorders), hormonal imbalance, adrenal
hyperplasias, Cushing’s syndrome were excluded from
this study. Participants were enrolled in three group,
Group I had 32 diabetic women’s with PCOS syndrome,
Group II, includes 38 non diabetic PCOS women, Group
III includes 34 Diabetic women but non-PCOS. Addi-
tionally, 25 age and Body Mass Index (BMI) matched
healthy control participants were recruited.

Each individual participant’s anthropometric and
demographic variables such as age, height, waist by hip
ratio (WHR) weight, body Mass Index (BMI), and ethnic-
ity, education status, occupation were collected during
their clinical visit. Clinical signs of hyperandrogenism
were assayed based on the presence of malepattern bald-
ness, hirsuitism, oily face, acne, and body hair. This was
further assayed and matched with results of ultra sound
scan for polycystic ovaries and their volume of ovarian
fluid and number follicles, endometrial thickness was
screened in PCOS patients alone. Family history of dia-
betic and ovulatory dysfunction was obtained from each
participants of study.

Laboratory assessment

On the first day of menstruation, early morning blood
samples were collected from each participant after an
overnight fast. Biochemical estimation of glucose, fol-
licle stimulating hormone (FSH), Luteinizing hormone
(LH), estradiol (E2), and insulin levels were analyzed
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by the fully automated chemiluminiscence techniques
(Roche, Indianapolis). Post breakfast glucose levels were
measured after 2 h of food intake using enzymatic tech-
niques and autoanalyzer (Bayer Diagnostic, Tarrytown).
The homeostasis model assessment (HOMA) index was
calculated to obtain IR using formula as given in earlier
literature.

The total DNA was isolated using automated DNA
extraction machine (Qiamp DNA, USA) following the
manufactures instruction. The polymerase chain reac-
tion (PCR) was run to magnify the mt-tRNA genes (MT-
TL1 mitochondrially encoded tRNA leucine 1 (UUA/G);
Gene ID: 4567) of every participants using primers as
given in published literature following their protocol (9).
Each amplified product was purified and sequenced in
an ABI automated DNA sequence using a Big Dye Ter-
minator Cycle sequencing reaction kit. The resultant
sequence data were compared with the updated consen-
sus Cambridge sequence (GenBank accession number:
NC_012920) [16, 17], using the Seqscape software v2.7.

The mtDNA content was determined in triplicate in
using SYBR green PCR mastermix in QPCR (Applied
Biosystems, Foster City) targeting the mitochondrial
ND1 gene and normalized with using endogenous con-
trol i.e. the nuclear human B-globins gene and [14]. The
specific primers and probes used to amplify the nuclear
B-globins and mitochondrial NDI genes were as follows:
nuclear pB-globin gene; forward, 5-CTGGGCATGTGG
AGACAGAGAAGACT; reverse, 5'-AGGCCATCACTA
AAGGCACCGAGC, probe 5'-FAM-CCCTTAGGCTGC
TGGTGGTCTACCCTTTAMRA. Mitochondrial NDI
gene; forward, 5'-GACGCCATAAAACTCTTCACCAA,
reverse, 5-AGGTTGAGGTTGACCAGGGG, probe
5'-FAMCCATCACCCTCTACATCACCGCCC-TAMRA
[15]. A melting curve was performed to ensure the purity
of target gene amplification through specific melting
temperatures using the Dissociation Curve Software.
Ct value differences (delta Ct) were referred as abso-
lute changes in mtDNA copy number relative to -actin
which was calculated as follows: relative copy number
(Re) =24, where ACt=Cty , i, — Ctxpy-

Statistical analysis

Fisher exact “t” test was used to compare the frequen-
cies of mutations between groups. Student ¢ test was
used to test the level of significance in the fold change.
P-value <0.05 was considered statistically significant.

Results

The patients’ clinical characteristic was presented in
Table 1. The group was closely similar for age, BMI and
age varied between 24 and 25 years. The clinical and
biochemical characteristics of participants enrolled in
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Table 1 Clinical and metabolic features of PCOS-IR patients and control subjects Characteristics
P PCOS-D (n=32) PCOS-ND (n=38) NPCOS-D (n=34) HC (n=25)

Mean SD Mean SD Mean SD Mean SD
Age (y) 24.76 3.91 24.99 3.23 2535 452 2530 447
FSH (IU/L) 473 172 593 142 495 3.10 5.53 3.07
LH (U/L)** 9.19 6.17 9.30 5.09 7.30 8.79 6.20 8.70
LH/FSH** 1.59 0.89 126 0.74 191 0.72 0.90 071
PRL (ug/L) 16.12 5437 16.80 44.89 13.78 14.29 13.75 14.15
E2 (pmol/L) 198.46 51.36 157.51 4240 199.58 94.18 22035 93.23
PRGE (nmol/L) 234 136 1.85 112 196 0.88 1.95 087
TT (nmol/L)** 244 041 1.94 034 233 045 133 045
Insulin (0 h) (UU/mL)** 13.58 6.94 10.77 573 15.92 146 5.91 145
Glucose (0 h) (mmol/L) 437 1.29 347 1.06 471 0.54 470 0.53
HOMA-IR** 323 1.86 2.05 153 338 0.36 138 036

Group | had 32 diabetic women's with PCOS syndrome (PCOS-D), Group Il, includes 38 non diabetic PCOS (PCOS-ND) women, Group lIl includes 34 Diabetic women
but non-PCOS (NPCOS-D). Additionally, 25 age and BMI-matched healthy control (HC) participants were recruited

this study included showed no statistical difference in
age and/or FSH, PRL, E2, PRGE or fasting glucose value
between patients of different groups. The significant
difference was seen in LH, LH/FSH, TT, insulin and
HOMA-IR value among the groups. Women with PCOS-
D had significantly higher LH, LH/FSH, TT and fasting
insulin levels and HOMA-IR with respect to the control
group and non PCOD-D group indicating their possible
role in PCOS. The values of PCOS-ND were comparable
to PCOS-D group further supports that the factors tested
were mostly related to PCOS if they were significantly
varying.

On analysis of mitochondrial tRNA™" (UUR) (R=A
or G) gene, results indicates ten different type of muta-
tion in study sample, among which only two was seen

Table 2 Details of mutation found in the study sample

in HC group and one was seen in non POCS no dia-
betic group. Most of these mutations (80%) were
confined to 3157 to 3275 base region which is evolu-
tionarily conserved region of nucleotides and expected
to cause an alteration in the secondary structure of mt-
tRNAs (Table 2). As indicated, six mutations (A to G
and/or T to C) disrupted putative base pairing. Moreo-
ver, we identified two mutations which do not disrupt
base pairing occurred in healthy participants but were
absent in women with PCOS group suggesting the neu-
tral nature of polymorphisms. The mtDNA copy num-
bers were considerably lower PCOS group irrespective
of diabetic status. Analysis of the copy number PCOS
women too had less copy number when compared to
the Non-PCOS and/or healthy group (Table 3).

Nucleotide Nucleotide change Mutation status PCOS group Non-PCOS group
position Diabetic(n=32) Non diabetic Diabetic(n=34) HC(n=25)
(n=38)

3157 GtoA Homoplasmy 1 1 0 0
3162 CtoT Homoplasmy 0 0 0 0
3203 GtoC Homoplasmy 2 1 0 1
3282 TtoC Homoplasmy 1 1 0 0
3285 TtoC Homoplasmy 1 1 0 0
3302 CtoG Homoplasmy 1 1 0 0
3275 TtoC Homoplasmy 2 2 0 0
4225 AtoG Homoplasmy 1 0 0 0
5206 GtoC Homoplasmy 2 1 0 0
8434 AtoT Homoplasmy 1 0 1 2
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Table 3 mrDNa copy number comparison

mt copy number

PCOS group Non-PCOS group

Diabetic (n=32) Non diabetic Diabetic (n=34) HC (n=25)
(n=38)

8.78 7.56 9.22 10.1

Discussion

A number of endocrine abnormalities such as dyspi-
demia, hyperglycemia and hyperinsulinemia and other
such metabolic syndrome occur in PCOS patients [15,
16]. Since insulin resistance and mitochondrial dysfunc-
tion has a correlation between each other, it plays a major
role in the pathogenesis of PCOS. In glucose metabo-
lism, the mitochondrial function plays a critical role due
to which T2DM has the potential pathogenic roles in
PCOS. In a number of diseases, the researchers identi-
fied point mutations in the functional genes that encode
mt-tRNAs [17, 18]. Such tRNA mutations may lead to
transcriptional and eventually translational defects which
might lead to mitochondrial respiratory dysfunction. In
the present study, the researchers sequenced the mtRNA
using PCR-Sanger method and identified 10 potential
mutations that may occur in PCOS women, especially in
the highly conserved regions of the sequence. Thus it is
proved that any malfunctions in mt-tRNA may have an
involvement in the pathogenesis of PCOS [19]. Still the
role played by mitochondrial dysfunction among PCOS
patients who carry these mt-tRNA mutations remains
unclear [13, 16-19].

From the study results, it can be inferred that PCOS
women had significantly high levels of LH, LH/FSH, TT,
fasting insulin levels and HOMA-IR when compared
to the control group and non-PCOD-D group which
denotes their role in PCOS. The mutations were mostly
observed in PCOS study sample individuals though they
were found in HC group (two mutations) and non-PCOS
no diabetic group (one mutation). The most significant
result obtained was that 80% of these mutations were
confined to core base region of evolutionarily-conserved
nucleotides that involve in the development of second-
ary structure of mt-tRNAs. From the observation, it is
understood that mt-tRNA mutations in the pathogen-
esis of PCOS-IR collapses the secondary structure of mt-
tRNA resulting in the failure of mt-tRNA metabolism,
impairment of mitochondrial protein synthesis and res-
piration. The complications discussed above may be the
reason behind abnormal mitochondrial respiration which
results in the synthesis of low amount of ATPs and even-
tually pancreatic B-cell dysfunction and apoptosis finally
resulting in the reduced amount of insulin secretion.
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In PCOS group, the mtDNA copy numbers were com-
paratively less irrespective of whether diabetic or not.
But on the contrary, some researchers place their argu-
ment that mtDNA mutation is a variant of homoplas-
mic and have no role in the abnormalities of PCOS or
diabetes and association with MIDs. Finsterer et al. [20]
reported that when mtDNA gets depleted, it may cause
PCOS. This claim was heavily supported i.e., when
mtDNA gets depleted, it is generally associated with a
number of clinical manifestations such as CPEQO, Pear-
son syndrome, Kearns-Sayre syndrome. During the age
of reproduction, women face infertility issues in the
presence of PCOS and are attributed to their endocrine
disorders. Those females might be exposed to high risk
of developing cardiovascular disease or diabetes [21, 22].
Diabetes follows every generation and has an association
with PCOS. Women with PCOS are resistant to insu-
lin and predicted to have diabetes in their latter ages. A
number of studies tracked the history of diabetes among
PCOS families. The studies conducted recently showed
a correlation between mitochondrial leucine tRNA gene
mutation and diabetes.

According to the researchers [23-25], when there is
damage occurs in mtDNA, it can be a measure to iden-
tify mitochondrial dysfunction since the former leads
to reduced cellular metabolic activity. In the recent
times, studies proved the mtDNA mutations, its effect
on mitochondrial dysfunction and the role played in the
pathogenesis of PCOS-IR [13]. Mitochondrial Disorders
predominantly occur due to the gene mutations in mito-
chondrial DNA and/or the nuclear DNA (nDNA). MIDs
are usually heterogeneous in nature and highly influence
the metabolism, maintenance or signaling of mitochon-
drian proteins [26—28].

Conclusion

The current study was aimed at analyzing the mtDNA
mutations and their copy number in order to measure the
impact created by Diabetes among PCOS women. There
is an association between PCOS and a number of genetic
disorders and the prevalence is high with MIDs (mito-
chondrial disorders).

Limitation

The important limitation of this study is that the study
has been conducted with a relatively small popula-
tion. So, the studies to be conducted in future must
have a large sample size so as to establish strong evi-
dence between MIDs and PCOS. Further, PCOS was
not reported earlier in a patient with specific or non-
specific. The evidence obtained from the study can-
not be confirmed that PCOS is a phenotypic feature of
MIDs. The current study conducted on mtDNA variants
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reported a small sample size associated with PCOS
using a single centre can be justified with large sample
size in multicenter studies as well.
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tRNA leucine.

Acknowledgements
The authors would like to thank Mustansiriyah University (https://uomustansi
riyah.edu.ig/), Baghdad, Iraq for its support to complete this work.

Authors’ contributions

All authors contributed equally to the work, Study plan, Lab work, fund
generation, Manuscript writing and proof. All authors read and approved the
final manuscript.

Funding
None.

Availability of data and materials
All associated data are available in this manuscript and no data in placed other
than what is provided.

Ethics approval and consent to participate

The study was approved by institutional ethics committee as known as
“Ethical approval board of “university of Mustanisriyah”and informed consent
was obtained in written by each individual participant. Each participant was
known about the study follow up before enrolling for the study.

Consent for publication’
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Branch of Zoology, Biology Department, College of Science, Mustansiriyah
University, POX 10422, Baghdad, Iraq. 2 Dept. of Basic Science, College of Den-
tistry, Mustansiriyah University, POX 10422, Baghdad, Iraq.

Received: 19 February 2019 Accepted: 9 July 2019
Published online: 24 July 2019

References

1. ASRM-Sponsored PCOS Consensus Workshop Group. Revised 2003
consensus on diagnostic criteria and long-term health risks related to
polycystic ovary syndrome. Fertil Steril. 2004;81(1):19-25.

2. Franks S. Polycystic ovary syndrome. N Engl J Med.
1995;333(13):853-61.

3. Dumesic DA, Oberfield SE, Stener-Victorin E, Marshall JC, Laven JS,
Legro RS. Scientific statement on the diagnostic criteria, epidemiol-
ogy, pathophysiology, and molecular genetics of polycystic ovary
syndrome. Endocr Rev. 2015;36(5):487-525.

4. Ollila MM, West S, Keindnen-Kiukaanniemi S, Jokelainen J, Auvinen J,
Puukka K, Ruokonen A, Jarvelin MR, Tapanainen JS, Franks S, Piltonen
TT. Overweight and obese but not normal weight women with PCOS
are at increased risk of Type 2 diabetes mellitus—a prospective,
population-based cohort study. Hum Reprod. 2017,32(2):423-31.

5. Ramalho-Santos J, Amaral S, Oliveira PJ. Diabetes and the impairment
of reproductive function: possible role of mitochondria and reactive
oxygen species. Curr Diabetes Rev. 2008;4(1):46-54.

6. Brownlee M. Biochemistry and molecular cell biology of diabetic com-
plications. Nature. 2001;414:813-20.

12.

14.

20.

21.

22.

23.

24.

25.

26.

27.

Page 5 of 6

Rosen P, Nawroth PP, King G, Moller W, et al. The role of oxidative stress
in the onset and progression of diabetes and its complications: a sum-
mary of a Congress Series sponsored by UNESCO-MCBN, the American
Diabetes Association and the German Diabetes Society. Diabetes
Metab. Res. Rev. 2001;17:189-212.

Bhat A, Koul A, Sharma S, Rai E, Bukhari SI, et al. The possible role of
10398A and 16189C mtDNA variants in providing susceptibility to
T2DM in two North Indian populations: a replicative study. Hum Genet.
2007;120:821-6.

Liu CS, Cheng WL, Lee CF, Ma S, Lin CY, et al. Alteration in the copy
number of mitochondrial DNA in leukocytes of patients with mito-
chondrial encephalomyopathies. Acta Neurol Scand. 2006;113:334-41.
Lee HC, Yin PH, Lu CY, Chi CW, et al. Increase of mitochondria and mito-
chondrial DNA in response to oxidative stress in human cells. Biochem.
J.2000;348:425-32.

. Lee HC, Yin PH, Chi CW, Wei YH. Increase in mitochondrial mass in

human fibroblasts under oxidative stress and during replicative cell
senescence. J Biomed Sci. 2002;9:517-26.

de Andrade PB, Rubi B, Frigerio F, van den Ouweland JM, Maassen JA,
Maechler P. Diabetes-associated mitochondrial DNA mutation A3243G
impairs cellular metabolic pathways necessary for-cell function. Diabe-
tologia. 2006;49:1816-26.

Maassen JA, van den Ouweland JMW, t'Hart LM, Lemkes HHPJ. Mater-
nally inherited diabetes and deafness: a diabetic subtype associated
with a mutation in mitochondrial DNA. Horm Metab Res. 1997,29:50-5.
Ding Y, Xia BH, Zhang CJ, Zhuo GC. Mutations in mitochondrial tRNA
genes may be related to insulin resistance in women with polycystic
ovary syndrome. Am J Trans| Res. 2017,9(6):2984.

Huang J, Tan L, Shen R, Zhang L, Zuo H, Wang DW. Decreased periph-
eral mitochondrial DNA copy number is associated with the risk of
heart failure and long-term outcomes. Medicine. 2016;95(15):e3323.
Legro RS. Polycystic ovary syndrome and cardiovascular disease: a
premature association? Endocr Rev. 2003;24(3):302-12.

Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM, Murad MH, Pasquali
R, Welt CK. Diagnosis and treatment of polycystic ovary syndrome: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab.
2013;98(12):4565-92.

Ovalle F, Azziz R. Insulin resistance, polycystic ovary syndrome, and
type 2 diabetes mellitus. Fertil Steril. 2002;77(6):1095-105.

Chien MC, Huang WT, Wang PW, Liou CW, Lin TK, Hsieh CJ, Weng SW.
Role of mitochondrial DNA variants and copy number in diabetic
atherogenesis. Genet Mol Res. 2012;11(3):3339-48.

Finsterer J, Zarrouk-Mahjoub S. Polycystic ovary syndrome in mito-
chondrial disorders due mtDNA or nDNA variants. Am J Trans| Res.
2018;10(1):13.

Mohlke KL, Jackson AU, Scott LJ, Peck EC, Suh YD, et al. Mitochondrial
polymorphisms and susceptibility to type 2 diabetes-related traits in
Finns. Hum Genet. 2005;118:245-54.

Mukherjee S, Maitra A. Molecular & genetics factors contributing

to insulin resistance in polycystic ovary syndrome. India J Med Res.
2010;131:743-60.

Kadowaki T, Kadowaki H, Mori Y, Tobe T, Sakuta R, Suzuki Y, Tanabe

Y, Sakura H, Awata T, Goto Y|, Hayakawa T, Matsuoka K, Kawamori R,
Kamada T, Horai S, Nonaka |, Hagura R, Akanuma Y, Yazaki Y. A subtype
of diabetes mellitus associated with a mutation of mitochondrial DNA.
N Engl J Med. 1994;330:962-8.

Fr DD, Tarlatzis R. Revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome. Fertil
Steril. 2004;81(1):19-25.

Martin-Kleiner I, Pape-Medvidovi¢ E, Pavli¢-Renar |, Metelko Z, Kusec

R, Gabrilovac J, Boranié M. A pilot study of mitochondrial DNA point
mutation A3243G in a sample of Croatian patients having type 2
diabetes mellitus associated with maternal inheritance. Acta Diabetol.
2004,;41:179-84.

Petersen KF, Dufour S, Befroy D, Garcia R, Shulman Gl. Impaired mito-
chondrial activity in the insulin-resistant offspring of patients with type
2 diabetes. N Engl J Med. 2004;350:664-71.

The Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop
group. Revised 2003 consensus on diagnostic criteria and long-term
health risks related to polycystic ovary syndrome (PCOS). Hum Reprod.
2004,19:41-7.


https://uomustansiriyah.edu.iq/
https://uomustansiriyah.edu.iq/

Saeed et al. BMC Res Notes ~ (2019) 12:455 Page 6 of 6

28. SkovV, Glintborg D, Knudsen S, Jensen T, Kruse TA, Tan Q, Brusgaard K, Publisher’s Note
Beck-Nielsen H, Hgjlund K. Reduced expression of nuclear-encoded
genes involved in mitochondrial oxidative metabolism in skeletal
muscle of insulin-resistant women with polycystic ovary syndrome.
Diabetes. 2007;56:2349-55.

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Polycystic ovary syndrome dependency on mtDNA mutation; copy Number and its association with insulin resistance
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Laboratory assessment

	Statistical analysis
	Results
	Discussion
	Conclusion

	Limitation
	Acknowledgements
	References




