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Abstract
Purpose The study aimed to investigate the effect of metformin treatment on leukocyte telomere length (LTL) and the 
relationship of LTL with C-reactive protein (CRP), homocysteine, albumin, complete blood count, and HOMA-IR values 
in patients with polycystic ovary syndrome (PCOS).
Material and method A prospective case–control study consisting of 30 women with PCOS and 30 healthy women without 
PCOS was performed. The relationship between clinical and laboratory parameters and LTL was analyzed. PCOS patients 
were treated with metformin (850 mg/day) for three months. Before treatment (BT) and after treatment (AT), each patient’s 
LTL was evaluated and compared with the control group.
Results In the comparison between PCOS and control groups, the difference was significant for LTL, age, body mass index 
(BMI), and CRP (p = 0.002; p < 0.001; p = 0.001; p = 0.01, respectively). In PCOS patients, the difference between BT and 
AT, LTL was not statistically significant (BT: 6.06 ± 2.12; AT: 6.30 ± 1.93; p = 0.623; 95% C.I: − 1.22–0.74); however, the 
difference for weight was significant (BT: 83.78 ± 15.31; AT: 80.62 ± 15.40; p = 0.02; 95% CI: 1.34–4.99). The logistic 
regression model established by BMI (group 1: 21–24, group 2: 24–29, group 3: 29–34, group 4: > 34), age, and RDW, which 
predicted the PCOS group by affecting the LTL level, was statistically significant (p < 0.001/PPV = 96.3%; NPV = 88.5%). 
Each unit reduction in telomere length increased women’s probability of PCOS by 0.4 times (p = 0.013; OR = 0.419, 95% 
CI: 0.211–0.835).
Conclusion Although statistically insignificant, LTL increased after metformin use in PCOS patients, and the mean weight 
loss reduction was statistically significant. Telomere shortening increased the likelihood of PCOS 0.4 times.

Keywords Telomere · Polycystic ovary syndrome · Metformin · Peripheral blood leukocytes

Introduction

Telomeres are sequential non-coding TTA GGG  nucleotide 
repeats located at the ends of chromosomes and primarily 
function to protect genomic DNA from damage during 
replication [1]. Telomerase, a ribonucleoprotein reverse 
transcriptase found in regenerative tissues, repairs and 
stabilizes short or dysfunctional telomeres by adding 
nucleotides to the ends of chromosomes. Nevertheless, 
somatic cells do not contain enough telomerase to main-
tain telomere length indefinitely. In human somatic cells, 
the opposite strand during DNA replication cannot be fully 
replicated due to the end replication problem. Therefore, 
telomere length shortens by about 50–200 nucleotides 
with each cell division. Shortening of telomere length to 
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the critical limit (known as the Hayflick limit) causes cell 
cycle arrest and cellular senescence in cells [2, 3].

Telomere length is affected by epigenetic regulation and 
genetic factors [4], and factors causing inflammation and 
oxidative stress accelerate telomere shortening [5]. As a 
result, the risk of age-related chronic diseases increases 
[6], including type 2 diabetes mellitus (DM). Short tel-
omeres are known to be associated with type 2 DM [7].

Polycystic ovary syndrome (PCOS) is a heterogeneous, 
endocrine, and metabolic disease that may cause a predia-
betic state [8]. In addition to causing infertility in clinical 
practice, PCOS exposes patients to metabolic syndrome, 
insulin resistance [9], impaired glucose tolerance and/or 
type 2 DM [10], cardiovascular disease (CVD), and can-
cer risk in the long term [11]. Insulin resistance occurs 
in approximately 50–70% of women with PCOS [12]. 
A systematic review suggested that PCOS patients have 
increased oxidative stress markers compared to controls 
and that oxidative stress may be involved in the pathophys-
iology of PCOS [13]. Shorter telomeres can be expected 
in PCOS patients compared to healthy individuals, as oxi-
dative stress has been associated with the shortening of 
telomeres. In addition, studies regarding the variations 
in telomere lengths in the human genome have reported 
shorter telomere lengths in PCOS patients and negative 
correlations between inflammatory markers and telomere 
length in PCOS patients [14, 15]. Also, telomere shorten-
ing may impair the insulin secretion signaling pathway, 
mitochondrial function, and Ca + 2 metabolisms in vivo. 
These are all critical pathophysiological factors for PCOS 
[16]. Metformin (1,1-dimethylbiguanide hydrochloride) is 
an oral antihyperglycemic drug [17]. Metabolic features 
such as insulin resistance and hyperinsulinemia observed 
in PCOS are similar to type 2 DM. Therefore, insulin-
sensitizing agents, particularly metformin, are a treatment 
option for PCOS [18]. Metformin treatment has been dem-
onstrated to reduce insulin resistance and hyperinsuline-
mia, menstrual irregularity [18], anovulation, and clinical 
symptoms of hyperandrogenism. It exerts these effects 
by increasing insulin sensitivity and decreasing ovarian 
androgen production [19], hepatic sex hormone-binding 
globulin production, and ovarian estrogen secretion [20]. 
The general mechanism of action of metformin is the acti-
vation of adenosine monophosphate active kinase (AMPK) 
[21]. Thus, by inhibiting the production of reactive oxy-
gen radicals, it protects arachidonic acid and iron-induced 
oxidative stress and positively affects cellular resistance 
against aging [22]. Besides, metformin may reduce body 
weight, although it has modest efficacy in managing PCOS 
and PCOS-related obesity [23]. The benefits of metformin 
for obesity, a chronic inflammatory condition, and its pro-
tection against oxidative stress may positively affect TL 
in PCOS patients. This study aimed to investigate whether 

the use of metformin in PCOS patients has a positive effect 
on leukocyte telomere length (LTL).

Material and method

The presented prospective case–control study was per-
formed in Afyonkarahisar, Turkey, Afyonkarahisar Health 
Sciences University, Faculty of Medicine, Department of 
Obstetrics and Gynecology and Genetic Diseases. The study 
was approved by Afyonkarahisar Health Sciences University 
Clinical Research Ethics Committee Medical Ethics Com-
mittee (2020/8; number: 2020/ 340). The procedures comply 
with the provisions of the Declaration of Helsinki and writ-
ten informed consent was obtained from all patients. All 
participants were local Turkish women.

Participants were recruited consecutively between Sep-
tember 2020 and December 2021. The inclusion criteria 
for the PCOS group were the PCOS-Rotterdam diagnostic 
criteria recommended by the European Society of Human 
Reproduction and Embryology, and the diagnosis was made 
by the presence of at least two of the following criteria: oli-
goovulation and/or anovulation, clinical and/or biochemical 
manifestations of hyperandrogenism, and polycystic ovaries 
[24]. The cases with hyperandrogenemia and other etiologies 
causing ovulatory dysfunction (congenital adrenal hyperpla-
sia, 21-hydroxylase deficiency, androgen-secreting tumors, 
Cushing’s syndrome, thyroid disease, hyperprolactinemia) 
were excluded.

The study group consisted of 30 PCOS patients between 
the ages of 18 and 40 who were eligible to receive metformin 
therapy (insulin resistance: HOMA-IR > 2.6; waist circum-
ference > 80 cm) [25, 26]. The control group was formed 
by 30 healthy women between the ages of 18–40, who were 
healthy, fertile, had regular cycles (28–35 days), had ovaries 
with a normal appearance in transvaginal ultrasonography, 
applied to the obstetrics clinic for other reasons, did not use 
any hormonal drugs, and did not have systemic, inflamma-
tory, infectious diseases, and pregnancy and waist circum-
ference of > 80 cm. Chronic kidney and/or liver disease, 
clinical cardiovascular disease (CVD), DM, malignancy, 
pregnancy, thyroid diseases, hyperprolactinemia, lactation, 
smoking, pelvic infection and other infectious diseases, 
and refusal to participate were the exclusion criteria for the 
study. None of the included patients had had hormonal medi-
cation, including oral contraceptives, for at least 6 months 
before the study. The patients’ height, weight, waist, and 
abdominal circumferences were measured and recorded.

Peripheral venous blood samples were collected from 
all participants between 9 and 11 a.m. on the third day 
of the menstrual cycle, and homocysteine (Cobas, pho-
tometric), C-reactive protein (CRP) (Cobas-immunotur-
bidimetric test), albumin (Cobas, photometric analysis) 
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and fasting blood glucose (Cobas, photometric), insulin 
(Cobas, electrochemiluminescence) for the diagnosis 
of PCOS patients with insulin resistance, glycosylated 
hemoglobin (HbA1c) (turbidimetric inhibition immunoas-
say (TINIA)), and hormone profile on day 3 of the cycle 
(serum luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), prolactin, estradiol (E2), progesterone, 
total testosterone (TT) and dehydroepiandrosterone sul-
fate (DHEA-S), and 17 hydroxyprogesterone (17 OH-P)) 
levels (Cobas, 8000e602, electrochemiluminescence test) 
were measured. The lipid profile consisted of serum total 
cholesterol, high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), and triglyceride levels (Cobas, photo-
metric, immunological, and colorimetric assay).

For the analysis of LTL data, 2 ml peripheral blood 
samples were obtained in ethylenediaminetetraacetic acid 
(EDTA) tubes. The blood samples were stored at − 20 °C 
until the study started. Throughout the study, no lifestyle 
changes were made, and subjects were instructed to fol-
low their normal diet and physical activity and not take 
any other medication.

Genomic DNA was extracted from whole venous 
blood leukocytes using the EZ1 DNA Blood 200 µl kit 
(Qiagen). The concentrations and purity of the obtained 
DNA were measured using the NanoDrop ND-1000 
Spectrophotometer (Thermo Scientific). ScienCell’s 
Absolute Human Telomere Length Measurement qPCR 
Assay (AHTLQ), designed to measure telomere length 
directly, was used. The qPCR program specified in the 
kit was installed on the rotor-gene-Q (Qiagen) device. 
All study groups were analyzed in 2 replicates. The tel-
omere primer set, which recognizes and amplifies the 
telomere sequences included in the kit, and the single-
copy reference (SCR) primer set, which acts as a ref-
erence for data normalization, were used. QuantiTect 
SYBR Green PCR Master Mix was used as the qPCR 
master mix component, which is not included in the 
kit. Two qPCR reactions were prepared for reference 
genomic DNA and each genomic sample, one with the 
telomere primer stock solution and the other with the 
SCR primer stock solution. BT values obtained after 
qPCR and telomere length measurement were calculated 
manually using the “Comparative ΔΔCq (Quantifica-
tion Cycle Value) Method” written in the AHTLQ Kit. 
In conclusion, the average telomere length of the target 
genomic DNA sample was measured.

The primary outcome measure for this study was the 
comparison of telomere length and inflammation markers 
between PCOS and control groups. The secondary out-
come was to investigate whether the 3-month metformin 
treatment applied to PCOS patients significantly affected 
telomere length.

Statistical analysis

The distribution of continuous variables was expressed as 
mean ± standard deviation values, and categorical variables 
were expressed as percentages or numbers (n). Comparison 
of continuous variables between groups was performed with 
Student’s t-test or Mann–Whitney U-test, depending on the 
normality of the distribution. The paired-samples t-test or 
Wilcoxon test was applied according to data distribution to 
compare dependent variables. After Pearson or Spearman 
correlation analysis according to normality analysis for the 
relationship of continuous variables with each other, regres-
sion analysis was performed for the parameters with a sig-
nificant relationship, and it was evaluated whether the estab-
lished model was statistically significant. Statistical analysis 
was performed using the Statistical Program for Social Sci-
ences version 20.0 (SPSS, Chicago, IL, USA). The level of 
significance was p ≤ 0.05 for all statistical tests.

Results

PCOS patients’ mean age (mean ± SD) was 24.94 ± 5.4 years, 
body mass index (BMI) was 32.10 ± 5.8 kg/m2, waist cir-
cumference was 102.11 ± 13.3 cm, hip circumference was 
118.78 ± 13.4 cm., and the control group patients’ mean age 
was 33.67 ± 5.05 years, BMI was 27.26 ± 4.08 kg/m2, and 
waist circumference was 89.91 ± 9.17 cm. In the compari-
son between PCOS and control groups, the difference was 
significant for LTL, age, BMI, CRP, and waist circumfer-
ence (p = 0.002, p < 0.001, p = 0.001, p = 0.01, and p = 0.009, 
respectively).

The difference in glucose, homocysteine, albumin levels, 
and complete blood count parameters between PCOS and 
the control group was not statistically significant (Table 1).

Though PCOS patients lose weight after metformin 
therapy (AT) for 3 months compared to that before therapy 
(BT) (80.62 ± 15.40 vs 83.78 ± 15.31, p = 0.02; 95% CI: 
1.34–4.99), LTL in PCOS patients did not differ between 
AT and BT (6.30 ± 1.93 vs 6.06 ± 2.12, p = 0.623; 95% 
C.I: − 1.22–0.74) (Table 2).

While no correlation was observed between baseline LTL 
level with age and BMI in PCOS patients (p > 0.05), there 
was a significant negative correlation with RDW and a sig-
nificant positive correlation with HDL level (r =  − 0.468, 
p = 0.014; r = 0.477, p = 0.011, respectively) (Table 3). 
Logistic regression analysis was performed to evaluate the 
relationship between LTL level and PCOS. BMI (group 1: 
21–24, group 2: 24–29, group 3: 29–34, group 4: > 34), 
age, and RDW were independent variables. Age and LTL 
were negative predictive markers (p < 0.05). The predic-
tive power of BMI and RDW was not statistically signifi-
cant (p > 0.05) (Table 4). The positive predictive value of 
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the model to predict PCOS was 96.3%, and the negative 
predictive value was 88.5%, being statistically significant 
(p < 0.001). Accordingly, each unit reduction in telomere 
length increased the probability of women having PCOS 
by 0.4 times (p: 0.013; OR: 0.419, 95% C.I: 0.211–0.835) 
(Table 5).

Discussion

In our study, although LTL increased after three months of 
metformin treatment (6.06 ± 2.12 vs. 6.30 ± 1.93) in PCOS 
patients, the difference was not statistically significant 
(p > 0.05). However, patients had a mean significant weight 
loss of 3.1 kg (p = 0.02; 95% CI: 1.34–4.99). Many studies 
have reported a relationship between telomere length and 
DM, and telomere shortening contributes to the pathogen-
esis of DM [7, 27–29]. Zhao et al. reported that short leu-
kocyte telomeres might predict type 2 DM risk in the native 
North American population [30]. Liu et al., in their study 
investigating the effect of antidiabetic agents on telomere 

length, revealed longer telomere ratios in 388 types 2 DM 
patients, in the groups using metformin and insulin, com-
pared to those who did not receive any treatment and used 
acarbose for more than three months [31]. The study of De 
Zegher et al., in which they investigated the effects of oral 
contraceptives and insulin-sensitizing drugs on LTL for 
18 months in hyperinsulinemic and hyperandrogenemic ado-
lescents, reported a two-fold increase in LTL after the use 
of metformin (850 mg/day). However, they did not observe 
any effect after the use of oral contraceptives [32]. In a 
placebo-controlled study in which 19 prediabetic patients 
were administered metformin for two months, metformin 
significantly improved metabolic parameters and insulin 
sensitivity, and monocyte telomere length increased after 
treatment [33]. All these findings show that antidiabetic 
agents have blood sugar regulation and anti-aging effects 
by increasing LTL [31]. In a retrospective study involving 
over 180,000 participants, metformin users lived 15% longer 
than nondiabetic controls when comparing metformin, a sul-
fonylurea, and a control group [34]. PCOS also produces a 
prediabetic state in most patients, increasing the risk of type 
2 DM [10]. Moreover, in PCOS treatment, metformin has 
been used for many years [18]. Therefore, our study supports 
the hypothesis that the positive effect of metformin on LTL 
and lifespan in type 2 DM patients could also be observed 
in PCOS patients.

All of the PCOS patients included in our study had 
abdominal adiposis (waist circumference > 80 cm), and 
although weight loss was significant after metformin, the 
3-month period may have been insufficient for its effect on 
TL to occur. Rosa et al. stated that LTL was not correlated 
with HbA1c in the long term (6 and 12 months) and that 
short-term metabolic control was more determinant for LTL 
in type 2 DM, and suggested that this may be due to the 
rapid response of LTL to changes in the metabolic environ-
ment [28]. Although the duration of treatment was 3 months 
in our study, more studies are needed to reveal the effect of 
different treatment durations in PCOS patients.

In our study, no significant correlation was observed 
between LTL and age in PCOS and control groups. How-
ever, PCOS patients were significantly younger than the 
control group, and age was a significant negative predictor 
for PCOS in the regression analysis. In the literature, regu-
lar aging itself has been associated with telomere shorten-
ing [5]. Although PCOS patients were younger, LTL was 

Table 1  Comparison of PCOS and control group leukocyte telomere 
length (LTL) and inflammatory parameters

a Independent samples t-test
b Mann-Whitney U
c Data are presented as mean ± SD, median (interquartile range)
p < 0.05 was considered statistically significant

Parameterc PCOS Control p

LTL (kb) 6.06 ± 2.12 8.01 ± 2.51 0.002a

Age (years) 24.93 ± 5.36 33.68 ± 5.048  < 0.001a

BMI (kg/  m2) 32.10 ± 5.78 27.26 ± 4.075 0.001a

Glucose (mmol/L) 92.91 ± 10.28 92.87 ± 11.25 0.553b

CRP (mg/L) 1.10 ± 1.88 0.36 ± 0.64 0.01b

Homocysteine (μmol/L) 10.91 ± 2.82 10.47 ± 2.56 0.774b

Albumin (g/dl) 5.09 ± 1.87 4.53 ± 0.19 0.127a

WBC  (103/μL) 7.89 ± 2.33 7.70 ± 1.76 0.952b

Platelets(103/μL) 284.70 ± 70.00 297.63 + 68.33 0.50a

MPV(fL) 10.35 ± 1.15 10.49 ± 1.02 0.645a

RDW(%) 41.89 ± 4.37 43.06 ± 3.77 0.258b

Neutrophil  (109/L) 4.91 ± 1.96 6.87 ± 10.1 0.337b

Lymphocyte  (109/L) 2.31 ± 0.61 2.0804 ± 0.68 0.200a

Wc (cm) 102.11 ± 13.28 89.91 ± 9.17 0.009a

Table 2  Comparison of leukocyte telomere length (LTL) before and after metformin treatment in PCOS patients (paired samples test)

a Data are presented as mean ± SD

Parametera Before treatment (n: 30) After treatment (n: 30) p 95% C.I t

LTL (kb) 6.06 ± 2.12 6.30 ± 1.93 0.623  − 1.22–0.74  − 0.49
Weight (kg) 83.78 ± 15.31 80.62 ± 15.40 0.002 1.34–4.99 3.59
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significantly shorter than the control group in our study. 
We consider that this result is due to the negative impact of 
PCOS on telomere length.

In all patients, HOMA-IR was > 2.6, consistent with 
insulin resistance, and there was no significant correlation 
between LTL with fasting blood glucose, HOMA-IR, BMI, 
and waist circumference in PCOS and control groups. In 
contrast, Ma et al. determined the rate of telomere shorten-
ing was inversely correlated to HbA1c, age, fasting plasma 
glucose, and waist circumference [29]. Visceral obesity 

causes an increased inflammatory response and oxidative 
stress, resulting in telomere attrition [35]. In one study, LTL 
was indicated to be negatively correlated with direct meas-
ures of abdominal adiposity, as well as traditional measures 
of adiposity such as BMI and waist circumference (Wc) [36, 
37]. Most PCOS patients have visceral obesity. In PCOS 
patients, the early and long-term insulin sensitivity provided 
by metformin reduces abdominal, visceral, and hepatic adi-
posity and low-grade inflammation and reduces endothelial 
dysfunction and vascular intima-media thickness. Metformin 
protects endothelial cells from hyperglycemic damage by 
directly stimulating the expression/activity of Sirtuin-1 
(SIRT1), a deacetylase involved in metabolism and longevity 
[38]. In conclusion, it can have an anti-aging effect, meaning 
longer telomeres [39]. From this point of view, we consider 
the possible protective effect of metformin use and the pos-
sibility of increased surveillance in terms of long-term com-
plications associated with metabolic syndrome and insulin 
resistance in PCOS patients.

In the Dallas Heart Study, RDW level, after adjusting for 
age and race, was negatively correlated with LTL in 3157 
subjects over 18 years of age [40]. Moreover, an independ-
ent, strong positive correlation was demonstrated between 
RDW and conventional inflammatory markers [41]. Con-
sistent with this study, although the number of patients was 
limited, there was a significant negative correlation between 
RDW and LTL in PCOS patients [41]. RDW may be affected 
due to chronic inflammation [42] in PCOS patients. When 
we performed regression analysis to investigate the effect of 
RDW on LTL, RDW did not have a significant effect on LTL 
in the model created. Furthermore, there was no significant 
difference between PCOS and control groups in terms of 
RDW levels.

In a prospective cohort study, lower HDL was found to 
be associated with lower LTL [42]. A significant positive 
correlation was observed between LTL level and HDL in 
PCOS patients in our study, but there was no significant 
correlation in the control group. Cheng et al. determined 
low HDL levels to be associated with shorter LTL as a 
component of metabolic syndrome [43]. Dyslipidemia is a 
very common finding in PCOS patients, characterized by 
high triglyceride and lower HDL levels, increasing the risk 
of cardiovascular disease [44]. The mean LTL of PCOS 
patients included in the study was significantly shorter than 
the control group (PCOS: 6.06 ± 2.12; control: 8.01 ± 2.51, 

Table 3  Correlation analysis of clinical characteristics and laboratory 
parameters with the LTL

r: aPearson correlation coefficient, r: bSpearman correlation coeffi-
cient
PCOS polycystic ovary syndrome, LTL leukocyte telomere length, 
Wc waist circumference, Hc hip circumference
*p < 0.05 was considered statistically significant

PCOS Control

Variable r p r p

CRP (mg/L)  − 0.115b 0.545 0.142a 0.481
Homocysteine (μmol/L)  − 0.030b 0.878 0.071b 0.730
Age (years)  − 0.092a 0.627  − 0.103b 0.601
Glucose (mmol/L)  − 0.067b 0.725  − 0.257b 0.225
HbA1c (%) 0.091a 0.637  − 0.396a 0.202
HOMA-IR  − 0.091a 0.632 0.041a 0.904
Insuline (mIU/L)  − 0.087a 0.649 0.155a 0.630
WBC  (103/μL)  − 0.053b 0.792 0.115a 0.568
BMI (kg/m2)  − 0.314a 0.091  − 0.046a 0.819
RDW (%)  − 0.468b 0.014* 0.012b 0.954
Wc (cm)  − 0.192a 0.338  − 0.134a 0.694
Hc (cm)  − 0.193a 0.335  − 0.275a 0.413
Albumin (g/dl)  − 0.138a 0.476 0.075a 0.711
HDL (mg/dL) 0.477a 0.011*  − 0.203b 0.526

Table 4  Predictive effect of LTL on PCOS (omnibüs tests of model 
coefficients: p < 0.001). Covariates: LTL, age, BMI, RDW

p < 0.05 was considered statistically significant

İndependent variable p OR 95% C.I B

LTL (kb) 0.013 0.419 0.211–0.84  − 0.87
Age (years) 0.003 0.722 0.58–0.9  − 3.25

Table 5  Logistic regression analysis showing the predictive effect of LTL on PCOS (omnibus tests of model coefficients: p < 0.001). In the 
model, decreased LTL resulted in a higher number of PCOS patients (PPV: 96.3; NPV: 88.5)

Groups LTL (mean ± SD) P value Nagelkerke R2 OR (95% C.I.)

Controls (n: 30) 8.01 ± 2.51 0.013 0.787 Reference
PCOS (n: 30) 6.06 ± 2.12 0.419 (0.211–0.835)
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p = 0.002). In one of the first studies on the subject, a sig-
nificant decrease in LTL was noted in nearly 700 PCOS 
patients compared to healthy controls, and it was reported 
that the risk of disease increased with short LTL [14]. Wei 
et al. also revealed shorter LTL in PCOS patients [45]. In 
another study, Wang et al. measured the level of telomeric 
repeat-containing RNA (TERRA) and LTL in 40 PCOS 
patients. Longer LTL was revealed in PCOS patients, while 
TERRA expression was lower [46]. However, another study 
with fewer participants (including 150 patients with PCOS 
and 124 controls) in Brazilian women failed to determine 
an association between LTL and PCOS [15]. In our study, 
although the number of participants was less, the LTL length 
was significantly shorter in the PCOS group, and according 
to the model we established, each unit reduction in telomere 
length increased the probability of women having PCOS 
by 0.4 times (p = 0.013; OR = 0.419, 95% CI: 0.211–0.835).

Leukocytes serve as a much better biomarker than 
somatic cells due to their shorter half-life and presence in 
all body parts. Therefore, LTL has been used to represent 
TL in tissues affected by aging [47]. Although some studies 
used tissues such as granulosa cells in PCOS patients, we 
also preferred LTL. Even though our study results support 
the hypothesis that the shorter LTL and telomere biology 
are affected in PCOS patients, further studies may help to 
explain the underlying mechanisms.

In our study, only CRP, one of the inflammatory param-
eters, was significantly higher in PCOS patients (p < 0.05). 
There was no difference with the control group regarding 
homocysteine, neutrophil, lymphocyte, and WBC levels 
(p > 0.05).

In a meta-analysis, a large increase in circulating markers 
of oxidative stress such as serum homocysteine, malondial-
dehyde, asymmetric dimethylarginine level, and superoxide 
dismutase activity was reported in PCOS patients independ-
ent of body weight compared to controls [13]. In another 
meta-analysis, circulating CRP was reported to be a reliable 
marker of low-grade chronic inflammation in women with 
PCOS [48]. There is also a relationship between increased 
levels of inflammatory markers in the disorder and insu-
lin resistance (IR) [49], and IR and hyperinsulinemia may 
result in elevated serum homocysteine, which has been iden-
tified as an independent risk marker for CVD [50]. Elevated 
plasma concentrations of homocysteine indicate oxidative 
stress, inflammation, and increased risk of CVD. There-
fore, it is thought that homocysteine may also play a role 
in telomere shortening [51]. Most studies investigating the 
chronic low-grade inflammation state in PCOS have usually 
focused on CRP measurement. CRP is produced from the 
liver and directly from adipose tissue by stimulating inter-
leukin 6 (IL-6) and tumor necrosis factor-α (TNF-α). Evi-
dence suggests that CRP is positively correlated to insulin 
resistance, body weight, and fat mass, and further studies 

are required to clarify the precise mechanism by which 
CRP concentrations increase in women with PCOS [52]. 
Many studies have determined higher WBC levels in PCOS 
patients than in the control group [52–54]. Although this 
situation was tried to be explained by the presence of high 
amounts of androgen receptors in human leukocytes [55] 
and hyperandrogenemia in PCOS patients, the distribution 
of WBC in the study of Tola et al. was homogeneously dis-
tributed between PCOS and control groups [56]. The exact 
mechanism of leukocytosis in PCOS has not been elucidated 
[52]. In our study, only the CRP level was significantly 
higher among inflammatory markers. No difference was 
found for homocysteine. Wang et al., in their metaanalysis, 
reported that serum concentrations of homocysteine increase 
with obesity, independent of insulin resistance [57]. The dif-
ference might not be significant in our study due to the high 
mean BMI values in both PCOS and control groups.

In PCOS patients, abdominal adiposity, obesity, and insu-
lin resistance may contribute to oxidative stress, resulting in 
telomere shortening and affecting endocrine, metabolic, or 
reproductive-related gene expression. Telomere abnormali-
ties may impair folliculogenesis, a proliferative process, and 
involve this condition in PCOS etiology [45]. When all this 
information is evaluated, the question of whether telomere 
loss is a cause or a result of PCOS in PCOS, the etiology 
of which is still not fully revealed, should be investigated.

Our study determined no correlation between TT, DHEA-
S, androstenedione, and LTL in PCOS patients (p > 0.05). 
Results regarding the relationship between androgen levels 
and telomere length are conflicting in the literature. Wang 
et al. found a positive correlation between LTL and testos-
terone [46]. However, in the study of Li et al., LTL was not 
associated with testosterone levels, as in our study [58]. In 
human primary hematopoietic cells, androgens have been 
reported to increase telomerase activity [59], and sex hor-
mones such as estrogen and androgen have been indicated to 
be associated with decreased telomere erosion due to higher 
telomerase expression and/or activity [60]. Another study 
has revealed that there is a positive correlation between 
androgen level and telomerase activity in cumulus cells in 
PCOS patients, and androgens stimulate telomerase [59]. 
The authors argued that hyperandrogenism in PCOS may 
compensate for the detrimental effect of PCOS-related meta-
bolic changes and inflammation. In our study, we hypoth-
esize that the decreased telomerase activity associated with 
metformin’s effect of reduction in intraovarian androgen 
levels in PCOS patients may censor the positive effect of 
metformin on LTL. However, further studies are required to 
evaluate the effect of metformin on telomerase activity and 
to prove this hypothesis.

We emphasized that when prescribing metformin to 
PCOS patients, its effects on telomere dynamics, not just 
ovulation induction, should be considered. Due to the 
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relatively small number of patients included in our study, 
the results were limited in generalization. It is also suggested 
that LTL is affected by various factors such as race, hered-
ity [60], and environmental factors [61]. All participants in 
our study consisted of local Turkish people. Nevertheless, 
the effect of nutrition, lifestyle, and stress factors specific 
to each individual cannot be ignored. Despite these limita-
tions, the fact that it was a prospective controlled study adds 
to its value.

Conclusion

To our knowledge, this was the first prospective study to 
investigate the effect of metformin treatment on LTL in 
adult PCOS patients. Long-term comorbidities such as DM, 
dyslipidemia, obesity, hypertension, metabolic syndrome, 
endometrial cancer, and CVD occur in both reproductive age 
and elderly women with PCOS. Oxidative and inflammatory 
stress caused by all these risks may cause a shortening of life 
span due to telomere shortening. Therefore, it is necessary 
to make an appropriate treatment plan for PCOS patients for 
not only infertility treatment but also long-term risks. There 
is a need for larger-scale and long-term studies to support 
metformin use and determine the optimal dose and duration 
in terms of long-term health risks and positive effects on 
telomere length in PCOS patients.
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