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Background: Polycystic Ovary Syndrome (PCOS) often present metabolic disorders and
hyperandrogenism (HA), facts that may influence the telomere length (TL).

Aims: To compare the absolute TL (aTL) between women with PCOS and control
women, and their association with the presence of obesity and HA parameters.

Materials and methods: The PCOS group included 170 unrelated women outpatients
and the control group, 64 unrelated donor women. Anthropometric, biochemical-clinical
parameters and androgen profile were determined. The PCOS patients were divided
accordingly to the presence of obesity and androgenic condition. The aTL was
determined from peripheral blood leukocytes by Real Time quantitative PCR.

Results: Women with PCOS exhibited a significantly longer aTL than controls after age
adjustment (p=0.001). A stepwise multivariate linear regression in PCOS women, showed
that WC (waist circumference) contributed negatively (b=-0.17) while testosterone levels
contributed positively (b=7.24) to aTL. The non-Obese PCOS (noOB-PCOS) presented
the longest aTL when compared to controls (p=0.001). Meanwhile, the aTL was
significantly higher in the hyperandrogenic PCOS phenotype (HA-PCOS) than in the
controls (p=0.001) and non hyperandrogenic PCOS phenotype (NHA-PCOS) (p=0.04).
Interestingly, when considering obesity and HA parameters in PCOS, HA exerts the major
effect over the aTL as non-obese HA exhibited the lengthiest aTL (23.9 + 13.13 Kbp).
Conversely, the obese NHA patients showed the shortest aTL (16.5 + 10.59 Kbp).

Conclusions: Whilst a shorter aTL could be related to the presence of obesity, a longer aTL
would be associated with HA phenotype. These findings suggest a balance between the
effect produced by the different metabolic and hormonal components, in PCOS women.

Keywords: telomere length, obesity, metabolic and endocrine disorders, hyperandrogenism, polycystic
ovary syndrome
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INTRODUCTION

Polycystic ovary syndrome (PCOS), one of the most common
gynecological endocrine diseases, affects 6%-20% of women in
their reproductive age (1). Its clinical presentation is heterogeneous,
and, according to the Rotterdam criteria, clinically defined by the
presence of two or more of the following features: oligo- or
anovulation, clinical and/or biochemical hyperandrogenism
(HA), and polycystic ovarian morphology (2). In this way, the
Rotterdam criteria defines four phenotypes, three of which present
HA (HA-PCOS phenotypes) and one normo androgenic
phenotype (NHA-PCOS phenotype) (2, 3). PCOS is also closely
related to metabolic disorders such as insulin resistance,
dyslipidemia and obesity (4). In particular, obesity worsens the
reproductive and metabolic features in PCOS women through
increased insulin resistance and inflammation (5). In this way,
obesity promotes dyslipidemia and anovulation associated with
PCOS (6). Consequently, the PCOS women with obesity have a
more severe phenotype compared to non-obese PCOS (7).
Telomeres are nucleic-protein complexes at the ends of eukaryotic
chromosomes, composed of repeats in a hexanucleotide of non-
coding DNA (TTAGGG in mammals) and proteins, which play an
essential role in the integrity of the chromosome, constituting a
critical factor for cell survival (8). In the process of cell division, DNA
replicates and TL may have a reduction of about 20 to 40 kilo base
pairs (Kbp) per year, in peripheral blood leukocytes. So, TL and age
are negatively correlated, with TL decreasing as the age of an
individual increases (9-11). Telomeric shortening constitutes an
important marker of the replicative capacity of a cell and thus a
marker of cellular aging (12). To maintain telomeres, some cells
express telomerase, a specialized reverse transcriptase, capable of
adding DNA repeats to the 3’ end of the telomeric leader chain by
using an RNA molecule as a template (13). Importantly in turn,
elevated levels of androgens are related to increased telomerase
activity, so HA can positively affect TL (14-16). Additionally, there
is an association between obesity and telomere length (TL) since
the state of chronic systemic inflammation promoted by obesity
induces shortening of the telomere (9). Women with PCOS often
presented both metabolic and hormonal abnormalities that may
influence the TL (14, 17-20). In that context, although the effect
of obesity and HA on TL have been demonstrated separately, the
joint effect of HA and obesity has not yet been investigated.
Therefore, in the present study we hypothesized that in PCOS
patients, the HA can compensate for the negative effect of
metabolic abnormalities on absolute telomere length (aTL). Thus,
we analyzed the effect of HA and obesity on TL in PCOS women.

MATERIALS AND METHODS
PCOS Patients and Control Women

We estimate the sample size according to a previous report which
informed a relative telomere length (In T/S ratio) was higher in
PCOS patients than in the control participants, 2.74 + 0.19 and 2.54
+ 0.13 respectively (21). These main outcomes were considered in
the determination of the effect size of 1.21 (delta). Using Gpower

v3.1.9.7, under allocation ratio of 3:1 case-control, a total sample
size of 44 individuals was considered sufficient, assuming an alpha
level of p = 0.05 and a power of 90%.

We carried out a retrospective study with 170 PCOS patients,
unrelated women recruited from attending the Endocrine Division of
the Hospital Durand, Buenos Aires, Argentina, from 2006 to 2016.
The samples were conserved in adequate condition of temperature
minimizing the times stock DNA was freeze-thawed. Diagnosis of
PCOS was based on the revised 2003 Rotterdam criteria (2). Patients
were excluded if any of the following diseases or conditions were
present: history of gestational diabetes, hyperprolactinemia, hepatic
or hematological disease, Cushing’s syndrome, 21-hydroxylase
deficiency, thyroid dysfunction, or diabetes.

The control women included 64 unrelated blood donors’ women
recruited from the Department of Hemotherapy, from 2006 to
2016. All volunteers self-reported no clinical components of PCOS
or familiar history of PCOS, normal menstrual cycles, and had
normal findings in medical examination and blood counts.

Control women showed none of the exclusion criteria and no
other associated pathologies. None of the participants had
received any hormonal or insulin-modifying therapy for at
least 2 months before the study or any other therapies that
could affect the metabolism or reproductive system. Exclusion
criteria included other pituitary, adrenal or ovarian diseases.

All the patients and the control group were Argentinean, and all
filled out an informed written consent. The study was conducted in
accordance with the 1964 Helsinki Declaration and its later
amendments or comparable ethics standards and approved by the
local research Institutional committees of the School of Medicine
and School of Biochemistry, University of Buenos Aires; and
Hospital Carlos G. Duran, Buenos Aires, Argentina.

Clinical Measurements

Participants provided their age. Anthropometric measurements,
including height, weight and waist circumference (WC) and body
mass index (BMI) score, were determined by standardized protocol in
every subject. WC was measured at the end of a normal expiration,
as the narrowest circumference of the trunk with an inelastic
fiberglass standard tape over the unclothed abdomen, at the
narrowest point between the costal margin and iliac crest. Systolic
and diastolic blood pressure (SBP and DBP respectively) were
recorded using a standard mercury sphygmomanometer after at
least 10 min of rest. After a 12-h overnight fast, fasting blood
samples were drawn from every individual at 8 am., during early
follicular phase (days 1-5 of the menstrual cycle for eumenorrheic
or oligomenorrheic patients, or at any moment for amenorrheic
patients). Total cholesterol (TC), triglycerides (TG), low-density
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
glucose, and insulin were measured in serum on a Cobas 8000
autoanalyzer (Roche). Insulin was determined by chemiluminescence
on a Liaison instrument (Diasorin) with intra- and inter-assay
coefficients of 4.3% and 11.6%, respectively. Homeostasis Model
Assessment (HOMA) was calculated with the following formula:
(basal glucose mg/dL x basal insulin ©UI/mL)/405. The Quantitative
Insulin Sensitivity Check index (QUICKI) was calculated as follows:
1/(log basal insulin U/mL] + log basal glucose mg/dL).

Frontiers in Endocrinology | www.frontiersin.org

May 2021 | Volume 12 | Article 604215


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Velazquez et al.

Polycystic Ovary Syndrome Telomere Length

The androgen profile, including total testosterone,
androstenedione, dehydroepiandrosterone-sulfate (DHEA-S) and
170-hydroxyprogesterone (170HP), SHBG and the LH/FSH ratio
was evaluated in serum to identify PCOS patients. Total testosterone
was measured by a chemiluminescence assay on a Beckman-Coulter
Access 2 analyzer, whereas 170HP and androstenedione were
measured with a commercial radioimmunoassay (RIA-CT,
DIASource) and DHEA-S by an Immulite 1000 (DPC) kit. LH
and FSH were measured by chemiluminescence on Access
analyzer and SHBG by chemiluminescence Immulite (22). The
coefficients of variation for FSH, LH and SHBG were 7.72%,
6.54% and 9.93% respectively.

PCOS Phenotype Assessment
The PCOS patients were divided into two phenotypes: HA-PCOS
and NHA-PCOS (when HA data was available). The patients were
considered HA-PCOS by the presence of clinical and/or
biochemical signs of androgen excess as previously reported (22).
The patients were considered NHA-PCOS when no clinical or
biochemical HA was present. Additionally, two subgroups were
identified in PCOS women according to the presence of obesity
(BMI > 30.0 kg/m2) (when BMI data was available): obese PCOS
women (OB-PCOS) and non-obese PCOS (noOB-PCOS) (23).
Also, the PCOS patients were divided considering the presence
or absence of obesity and androgenic condition, therefore four
subgroups were determined: non-obese non hyperandrogenic
PCOS (noOB-NHA), non-obese hyperandrogenic PCOS (noOB-
HA), obese non hyperandrogenic PCOS (OB-NHA) and obese
hyperandrogenic PCOS (OB-HA).

Measurement of Absolute Telomere Length

Venous blood samples from each participant were collected
between 7 AM and 9 AM, whole blood (anticoagulated with
EDTA) was stored at —20°C for later assessment. Genomic DNA
samples were isolated from peripheral blood leukocytes by the
CTAB technique, and aTL was determined based on a Real-Time
PCR protocol previously described (24, 25). Briefly, the length of the
repetitive sequences of telomeres (Kbp of telomeric sequence/
reaction, T) compared with a single copy gene (large ribosomal
protein PO subunit, RPLPO gene), which represented the genome
copies/reaction (S), were determined by standard curves. The
calculation of the T/S ratio allowed the determination of the Kbp
of telomeric sequence per cell for each individual. The PCR
reactions were performed in a StepOne ' Real-Time PCR
System (Applied Biosystems, California, USA) in duplicate for all
the samples studied. DNA samples were then diluted with sterile
nuclease-free water (Invitrogen, Waltham, MA, USA) to a
concentration of 10 ng/uL and stored at -20°C for up to two
weeks. The DNA (20 ng) was amplified in a 20 pL reaction
volume containing 10 UL of SYBR Select Master Mix, and 250
nM of primers were added for the RPLP0 gene or 100 nM of primers
for the telomeric sequence. RPLPO gene was amplified using the
following primers: forward, 5- CAGCAAGTGGGAAGGTG
TAATCC-3" and reverse, 5- CCCATTCTACATCAACGGG TA
CAA -3’ while the telomeric sequences was amplified using the
following primers: forward, 5- CGGTTTGTTTGGGTTTGGG
TTTGGG TTTGGGTTTGGGTT -3’ and reverse, 5- GGCTTGC

CTTACCCTTACCCTTACCCTTACC CAATCCCT -3”. The PCR
conditions consisted of a denaturation of 10 min at 95°C, followed
by 40 cycles at 95°C for 15 seconds, 60°C for 1 minute and
the Melting curve: 1 cycle of 15 seconds at 95°C, 1 minute at 60°C
and 15 seconds at 98°C, with a temperature ramp of 0.3°C/second.

Statistical Analysis

Descriptive analysis was performed, and quantitative data were
analyzed using the Statistical Package for Social Sciences (SPSS
version 20). Normal distribution of the data was assessed by the
Shapiro-Wilk test. Characteristics of PCOS patients and control
groups with a normal distribution were represented as mean +
standard error of mean (SEM) and compared by unpaired two-
tailed Student’s test. When the normalization was not possible,
the characteristics were expressed as median and interquartile
range and the Mann Whitney test for skewed data was used to
test differences between groups. Univariate analysis of covariance
adjusting for age (ANCOVA), followed by Bonferroni post-hoc
test was applied for multiple factors or groups. The association
between aTL and quantitative variables was analyzed by partial
correlation analysis, adjusted by the effect of age. A stepwise
regression analysis was performed to jointly consider the
variables that significantly contribute to aTL. p values lower
than 0.05 were considered as statistically significant for each test.

RESULTS

Phenotype Characterization

The biochemical-clinical characteristics of the PCOS patients
and control group are shown in Table 1. Compared to controls,
PCOS patients had higher BMI, weight, WC, and higher levels
of TC, LDL-C, TG, Glucose, Insulin, HOMA-IR and lower levels
of QUICKI. These differences remained significant after
adjusting for age. There were no differences in age, SBP and DBP.

aTL Study

The aTL distribution related to age in control and PCOS groups
is shown in Figure 1A. There was an expected decline in aTL
with increasing age for all studied women (Regression
coefficients r=-0.44; R* = 0.18; p=0.006; regression not shown).

In comparing the mean aTL between groups, individuals with
PCOS exhibited a significantly longer aTL than controls after
adjusting for age (18.78 + 12.25 Kbp vs. 14.54 + 8.29 Kbp,
p=0.001) (Figure 1B). After adjusting for age and BMI the mean
aTL remained significantly different (p=0.003).

We then sought to determine the contribution of clinical and
biochemical features to the variability of aTL in PCOS women. A
stepwise selection multivariate linear regression showed that WC
contributed negatively to aTL (Partial coefficient b=-0.17;
p=0.007) while testosterone levels contributed positively (Partial
coefficient b=7.24; p=0.04). Together, WC and testosterone
significantly accounted for the 9.4% of aTL variability (p=0.002).

The PCOS patients were subdivided into noOB-PCOS (n=72)
and OB-PCOS (n=78). A total of 20 PCOS patients could not be
classified into any group due to lack of BMI registration and were
not included in this section of the study. In the univariate analysis
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TABLE 1 | Comparison of biochemical and clinical characteristics between control groups and PCOS patients.

Features control (n=64) PCOS (n=170) p control vs. PCOS p control vs. PCOS*
Age (years) 26.80 + 0.54 26.16 + 0.36 0.35

aTL (Kbp) 14.54 + 1.04 18.78 + 0.94 0.003 0.001
BMI (kg/m?) 22,02 +0.32 31.31 + 0.64 <0.001 <0.001
Weight (kg) 60.60 + 0.80 79.88 + 1.76 <0.001 <0.001
WC (cm) 74.77 + 1.04 95.22 + 1.46 <0.001 <0.001
SBP (mmHg) 110 (110-120) 110 (100-120) 0.08 0.09
DBP (mmHg) 70 (70-80) 70 (70-80) 0.21 0.16
TC (mg/dL) 159.57 + 3.04 188.07 + 3.49 <0.001 <0.001
HDL-C(mg/dL) 52.79 + 1.67 50.59 + 1.28 0.27 0.39
LDL-C (mg/dL) 88.60 (88.60-105.10) 114.70 (93-140) <0.001 <0.001
TG (mg/dL) 70.70 = 3.57 121.71 £ 5.39 <0.001 <0.001
Glucose (mg/dL) 81.69 + 1.08 89.69 + 1.01 <0.001 <0.001
Insulin (mg/dL) 7.61(7.61-11.12) 13.70(8.70-21) <0.001 <0.001
HOMA-IR 1.64 (1.64-2.35) 3.92 (1.84-4.64) <0.001 <0.001
QUICKI 0.36 + 0.004 0.33 + 0.003 <0.001 <0.001

Values are expressed as mean + SEM or median and 25-75 interquartile range (Test U-Mann Whitney). p value: unpaired two-tailed Student’s test or Mann-Whitney depending on
the equality of the variance or not, respectively. p value* adjusted by age (Multiple linear regression) patients. p<0.05 was considered as significant and highlighted in bold. aTL,
absolute telomere length; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high
density cholesterol; LDL-C, low density cholesterol; TG, triglycerides;, HOMA-IR, homeostasis model assessment of insulin resistance; QUICKY, Quantitative Insulin Sensitivity

Check Index.
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FIGURE 1 | Comparison of Absolute telomere length between control group and PCOS. (A) Distribution of absolute telomere length according to age in control and
PCOS groups. (—): The linear regression for control group (R? = 0.15; Regression coefficient r=-0.28, p=0.25) and (- - -): PCOS group (R® ~ 0.18; Regression
coefficient r=-0.46; p=0.02). (B) Bar graphs illustrates mean + standard error of mean (SEM) of aTL in control and PCOS groups. Univariate analysis adjusted by age
(ANCOVA); p<0.05 was considered as significant. aTL, absolute telomere length; Kbp, kilobase pairs; PCOS, polycystic ovary syndrome.

adjusted by age, the PCOS condition and also the obesity
contribution to aTL lengthening was observed, as noOB-PCOS
presented the longest aTL when compared to healthy controls
(20.7 £ 12.9 Kbp vs. 14.5 + 8.3 Kbp, p=0.001) (Figure 2A).

Meanwhile, the PCOS patients were divided into HA-PCOS
(n=80) and NHA-PCOS (n=15). A total of 75 PCOS patients
were not analyzed because of the lack of hyperandrogenism
parameters. The mean aTL was significantly higher in the HA-
PCOS phenotype than in the control group (20.6 + 12.39 Kbp vs.
14.5 + 8.31 Kbp, p=0.001) and NHA-PCOS phenotype (13.6 +
9.28 Kbp, p=0.04) (Figure 2B).

Interestingly, Figure 3 presented the obesity and HA
contribution (n=35) to aTL in the PCOS group compared to the
control group. HA exerts the major effect over the aTL as noOB-HA

(n=7) exhibited the lengthiest aTL (23.9 + 13.13 Kbp) and differed
significantly to all other groups analyzed. Conversely, OB-NHA
patients (n=7) showed the shortest aTL (16.5 + 10.59 Kbp).

DISCUSSION

PCOS represents one of the most prevalent endocrine pathologies
among women of reproductive age, associated with metabolic and
hormonal disorders such as obesity, insulin resistance and HA (1, 2).
The high prevalence of obesity in women with PCOS exacerbates the
hormonal and clinical manifestations, contributing to the
development of the disorder (26). Obesity and metabolic
syndrome are common metabolic alterations in PCOS patients
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(B). Bar graphs illustrates mean + standard error of mean (SEM) of absolute telomere length for each group. noOB-PCOS, non-obese PCOS; OB-PCOS, obese PCOS
women; NHA-PCOS, non hyperandrogenic PCOS; HA-PCOS, hyperandrogenic PCOS. Univariate analysis adjusted by age (ANCOVA), followed by Bonferroni post-hoc test
for multiple factors or groups. NS, non significant difference; p<0.05 was considered as significant; aTL, absolute telomere length; Kbp, kilobase pairs.
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FIGURE 3 | Comparison of absolute telomere length between control and
PCOS according to obesity and androgenic condition simultaneously
presence. Bar graphs illustrates mean + standard error of mean (SEM) of
absolute telomere length for each group. noOB-NHA, non-obese non
hyperandrogenic PCOS; noOB-HA, non-obese hyperandrogenic PCOS; OB-
NHA, obese non hyperandrogenic PCOS; OB-HA, obese hyperandrogenic
PCOS. Univariate analysis adjusted by age (ANCOVA), followed by Bonferroni
post-hoc test applied for multiple factors or groups. aTL, absolute telomere
length; p<0.05 was considered as significant; Kbp, kilobase pairs.

that may lead to a reduction of the TL through oxidative stress and a
chronic inflammation state (9, 27). Furthermore, many studies have
focused on the increased expression and activity of telomerase
stimulated by androgens, such as testosterone, in ovarian cancer
cells and in cultured peripheral blood lymphocytes (14, 15). Also,
in vivo hormone replacement therapy has been reported to decrease
the rate of telomere shortening in postmenopausal women (16).

In this sense, the HA condition of women with PCOS would lead
to a decreased telomere attrition. Thus, our main objectives were
to study the aTL in PCOS patients compared to controls, and to
analyze the contribution of obesity and HA.

We observed a negative correlation between aTL and age in
the whole population. This result was predicted, considering that
age is the main factor involved in the shortening of telomeres and
allowed us to validate the method. When we compared the mean
aTL between all studied groups, individuals with PCOS exhibited
a significantly longer aTL than controls (adjusted for age and
BMI), despite the worsened metabolic profile associated with
PCOS. We found that in the PCOS group, both WC and
testosterone levels contributed to aTL variability. The WC
contributed to the shortening of TL; in addition, the strong
positive contribution of testosterone levels would result in the
increase of aTL observed in PCOS women.

Previous studies have revealed a controversial relationship
between TL and PCOS. Some researches have shown no
differences in the TL between PCOS patients and controls.
While Wei et al. attribute this result to the narrow age cohort
design and limited sample size, Pedroso et al. compare women
PCOS and controls with significantly different ages (28, 29). Li
et al. reported that women with PCOS showed a shorter aTL than
healthy women (range: 13-54 years) and; in agreement with our
findings, Wang et al. found that PCOS patients had significantly
longer telomeres than control subjects (range: 19-30 years), and
showed a positive correlation between aTL and testosterone
levels (21, 30). However, the authors do not argue about the
effect of metabolic abnormalities on TL within their study. These
discrepancies may be attributed to differences in the age ranges
analyzed, as we studied young populations ranging between 18
and 35 years of age. We found a significant inverse association
between age and aTL in the noOB-PCOS associated with HA,
particularly within the metabolically healthy PCOS women
(without Metabolic syndrome, groups; data not shown).
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In addition, our results suggested that the HA condition can
compensate for the harmful effect of metabolic abnormalities
such as obesity on aTL of women with PCOS (see also
Supplementary Figure 1 in Supplementary Material).

It must be considered that TL varies according to the cell type,
so it could be useful for future works to determine the TL in
granulosa cumulus cells (GC). GC plays an important role in
folliculogenesis and steroidogenesis, molecular processes
normally altered in PCOS women (31, 32). TL in GC would
provide more knowledge about the role of telomeric length in
PCOS pathophysiology. In this way, Wei et al. observed
significantly lengthened telomeres in granulosa cells while
Pedroso et al. showed not altered TL in reproductive cells,
both studies were performed in women with PCOS who
underwent in vitro fertilization/intracytoplasmic sperm
injection (IVF/ICSI) fertility treatment (28, 29).

Also, it would be relevant to measure the telomerase activity
(TA) in the PCOS patients, due to the role of telomerase in
follicular development. In this sense, Li et al. compare TA in GC
between PCOS and non-PCOS patients. These authors
hypothesized that the abnormal follicular development in
PCOS women was not associated with TA, but rather with
metabolic disorders and hormonal abnormalities (33).

A recent review observed shorter telomeres and diminished
telomerase activity in granulosa cells associated with ovarian
insufficiency, so more studies are required to confirm the
results (34).

One limitation of the present study is based on the number of
patients studied that were subdivided into several groups
according to the presence of obesity and androgenic condition
(noOB-NHA, noOB-HA, OB-NHA, OB-HA). Although
significant differences were observed in mean aTL between the
different groups, a greater number of PCOS patients would have
increased the power of this study. Furthermore, in the control
group it was not possible to measure the impact of hormones on
TL due to the lack of clinical hormonal data. In addition, future
longitudinal study could provide more information about the
variation in TL as a function of other variables.

In conclusion, we corroborate that a balance between the
effect of different metabolic and hormonal components such as
WC and testosterone respectively, determined the lengthened
aTL observed in PCOS group compared to controls. While a
shorter aTL could be related to the presence of obesity, a longer
aTL would be associated with HA. Taken together, our findings
contribute to the knowledge of the pathophysiology of PCOS.

REFERENCES

1. Lizneva D, Suturina L, Walker W, Brakta S, Gavrilova-Jordan L, Azziz R.
Criteria, Prevalence, and Phenotypes of Polycystic Ovary Syndrome. Fertil
Steril (2016) 106(1):6-15. doi: 10.1016/j.fertnstert.2016.05.003

2. Rotterdam ESHRE/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.
doi: 10.1016/j.fertnstert.2003.10.004

3. Nandi A, Chen Z, Patel R, Poretsky L. Polycystic Ovary Syndrome. Endocrinol
Metab Clinics North America (2014) 43(1):123-47. doi: 10.1016/j.ec1.2013.10.003

DATA AVAILABILITY STATEMENT

The datasets analyzed for this study can be found in
Figshare.com, https://figshare.com/s/072793261938c34ea9ab.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by local research Institutional committees of the
School of Medicine, School of Pharmacy and Biochemistry of
the University of Buenos Aires, and Hospital Carlos G. Duran,
Buenos Aires, Argentina. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MEV and ALM contributed equally to the manuscript and
performed the laboratory work, the data analysis, and the writing.
AEIM, SEC, and MR contributed to the telomere determinations.
GDF assisted in the design of the research study. GAA, ABM, and
GEC contributed to the study design, paper writing, and the
final version of the manuscript. All authors contributed to the
article and approved the submitted version.

FUNDING

This work was supported by grants from Universidad de Buenos
Aires (20720160100004BA/2017) to GEC and by Agencia Nacional
de Promocion Cientifica y Tecnologica (PICT 632/ 2016) to ABM.

ACKNOWLEDGMENTS

The authors wish to thank study participant in this work. Also, we
acknowledge Universidad de Buenos Aires and Agencia Nacional
de Promocion Cientifica y Tecnologica for granted support.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fend0.2021.604215/
full#supplementary-material

4. Jeanes YM, Reeves S. Metabolic Consequences of Obesity and Insulin
Resistance in Polycystic Ovary Syndrome: Diagnostic and Methodological
Challenges. Nutr Res Rev (2017) 30(1):97-105. doi: 10.1017/5S0954422
416000287

5. Glueck CJ, Goldenberg N. Characteristics of Obesity in Polycystic Ovary
Syndrome: Etiology, Treatment, and Genetics. Metabol: Clin Exp (2019)
92:108-20. doi: 10.1016/j.metabol.2018.11.002

6. Lim SS, Norman RJ, Davies MJ, Moran L]. The Effect of Obesity on
Polycystic Ovary Syndrome: A Systematic Review and Meta-Analysis. Obes
Rev an Off ] Int Assoc Study Obes (2013) 14(2):95-109. doi: 10.1111/j.1467-
789X.2012.01053.x

Frontiers in Endocrinology | www.frontiersin.org

May 2021 | Volume 12 | Article 604215


https://figshare.com/s/072793261938c34ea9ab
https://www.frontiersin.org/articles/10.3389fendo.2021.604215/full#supplementary-material
https://www.frontiersin.org/articles/10.3389fendo.2021.604215/full#supplementary-material
https://doi.org/10.1016/j.fertnstert.2016.05.003
https://doi.org/10.1016/j.fertnstert.2003.10.004
https://doi.org/10.1016/j.ecl.2013.10.003
https://doi.org/10.1017/S0954422416000287
https://doi.org/10.1017/S0954422416000287
https://doi.org/10.1016/j.metabol.2018.11.002
https://doi.org/10.1111/j.1467-789X.2012.01053.x
https://doi.org/10.1111/j.1467-789X.2012.01053.x
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Velazquez et al.

Polycystic Ovary Syndrome Telomere Length

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Messinis IE, Messini CI, Anifandis G, Dafopoulos K. Polycystic Ovaries and

Obesity. Best Pract Res Clin Obstetrics Gynaecol (2015) 29(4):479-88.
doi: 10.1016/j.bpobgyn.2014.11.001

. Blackburn EH. Telomere States and Cell Fates. Nature (2000) 408(6808):53-6.

doi: 10.1038/35040500

. Shin YA. How Does Obesity and Physical Activity Affect Aging? Focused on

Telomere as a Biomarker of Aging. ] Obes Metab Syndrome (2019) 28(2):92—
104. doi: 10.7570/jomes.2019.28.2.9

Hastie ND, Dempster M, Dunlop MG, Thompson AM, Green DK, Allshire
RC. Telomere Reduction in Human Colorectal Carcinoma and With Ageing.
Nature (1990) 346(6287):866-8. doi: 10.1038/346866a08

Iwama H, Ohyashiki K, Ohyashiki JH, Hayashi S, Yahata N, Ando K, et al.
Telomeric Length and Telomerase Activity Vary With Age in Peripheral
Blood Cells Obtained From Normal Individuals. Hum Genet (1998) 102
(4):397-402. doi: 10.1007/s00439005071

Satoh H, Hiyama K, Takeda M, Awaya Y, Watanabe K, Thara Y, et al
Telomere Shortening in Peripheral Blood Cells was Related With Aging But
Not With White Blood Cell Count. Japanese ] Hum Genet (1996) 41(4):413-7.
doi: 10.1007/BF01876332

Mikhelson VM, Gamaley IA. Telomere Shortening is a Sole Mechanism of
Aging in Mammals. Curr Aging Sci (2012) 5(3):203-8. doi: 10.2174/
1874609811205030006

Nourbakhsh M, Golestani A, Zahrai M, Modarressi MH, Malekpour Z,
Karami-Tehrani F. Androgens Stimulate Telomerase Expression, Activity
and Phosphorylation in Ovarian Adenocarcinoma Cells. Mol Cell
Endocrinol (2010) 330(1-2):10-6. doi: 10.1016/j.mce.2010.07.021

Kyo S, Takakura M, Kanaya T, Zhuo W, Fujimoto K, Nishio Y, et al. Estrogen
Activates Telomerase. Cancer Res (1999) 59(23):5917-21.

Lee DC, Im JA, Kim JH, Lee HR, Shim JY. Effect of Long-Term Hormone
Therapy on Telomere Length in Postmenopausal Women. Yonsei Med |
(2005) 46(4):471-9. doi: 10.3349/ym;.2005.46.4.471

Li Q, DuJ, Feng R, Xu Y, Wang H, Sang Q, et al. A Possible New Mechanism
in the Pathophysiology of Polycystic Ovary Syndrome (PCOS): The Discovery
That Leukocyte Telomere Length is Strongly Associated With PCOS. J Clin
Endocrinol Metab (2014) 99(2):E234-40. doi: 10.1210/jc.2013-3685

Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas LF, et al.
Obesity, Cigarette Smoking, and Telomere Length in Women. Lancet (London
England) (2005) 366(9486):662-4. doi: 10.1016/S0140-6736(05)66630-5
Gardner JP, Li S, Srinivasan SR, Chen W, Kimura M, Lu X, et al. Rise in Insulin
Resistance is Associated With Escalated Telomere Attrition. Circulation (2005)
111(17):2171-7. doi: 10.1161/01.CIR.0000163550.70487.0B

Calado RT, Yewdell WT, Wilkerson KL, Regal JA, Kajigaya S, Stratakis CA,
et al. Sex Hormones, Acting on the TERT Gene, Increase Telomerase Activity
in Human Primary Hematopoietic Cells. Blood (2009) 114(11):2236-43.
doi: 10.1182/blood-2008-09-178871

Wang C, Shen F, Zhu Y, Fang Y, Lu S. Telomeric Repeat-Containing RNA
(TERRA) Related to Polycystic Ovary Syndrome (PCOS). Clin Endocrinol
(2017) 86(4):552-9. doi: 10.1111/cen.13283

Abruzzese GA, Cerrrone GE, Gamez M, Graftigna MN, Belli S, Lioy G, et al.
Lipid Accumulation Product (LAP) and Visceral Adiposity Index (VAI) as
Markers of Insulin Resistance and Metabolic Associated Disturbances in

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Young Argentine Women With Polycystic Ovary Syndrome. Hormone
Metab Res (2017) 49(1):23-9. doi: 10.1055/s-0042-113463

WHO Consultation on Obesity. Obesity: Preventing and Managing the Global
Epidemic. Report of a WHO Consultation. In: World Health Organization
Technical Report Series. Geneva, Switzerland (1999). 894. p. i-253.

Murray MG, Thompson WEF. Rapid Isolation of High Molecular Weight Plant
DNA. Nucleic Acids Res (1980) 8(19):4321-5. doi: 10.1093/nar/8.19.4321
O’Callaghan NJ, Fenech M. A Quantitative PCR Method for Measuring Absolute
Telomere Length. Biol Procedures Online (2011) 13:3. doi: 10.1186/1480-9222-13-3
Legro RS. Obesity and PCOS: Implications for Diagnosis and Treatment.
Semin Reprod Med (2012) 30(6):496-506. doi: 10.1055/s-0032-1328878
Iglesias Molli AE, Panero J, Dos Santos PC, Gonzalez CD, Vilarifio J, Sereday
M, et al. Metabolically Healthy Obese Women Have Longer Telomere Length
Than Obese Women With Metabolic Syndrome. PloS One (2017) 12(4):
€0174945. doi: 10.1371/journal.pone.0174945

Wei D, Xie ], Yin B, Hao H, Song X, Liu Q, et al. Significantly Lengthened Telomere
in Granulosa Cells From Women With Polycystic Ovarian Syndrome (PCOS).
] Sssist Reprod Genet (2017) 34(7):861-6. doi: 10.1007/s10815-017-0945-z
Pedroso DC, Miranda-Furtado CL, Kogure GS, Meola ], Okuka M, Silva C,
et al. Inflammatory Biomarkers and Telomere Length in Women With Polycystic
Ovary Syndrome. Fertil Steril (2015) 103(2):542-7.e2. doi: 10.1016/
jfertnstert.2014.10.035

Li Q, DuJ, Feng R, Xu Y, Wang H, Sang Q, et al. A Possible New Mechanism
in the Pathophysiology of Polycystic Ovary Syndrome (PCOS): The Discovery
That Leukocyte Telomere Length is Strongly Associated With PCOS. J Clin
Endocrinol Metab (2014) 99(2):E234-40. doi: 10.1210/jc.2013-3685

Azziz R. Polycystic Ovary Syndrome. Obstetrics Gynecol (2018) 132(2):321—
36. doi: 10.1097/A0G.0000000000002698

Kosebent EG, Uysal F, Ozturk S. Telomere Length and Telomerase Activity
During Folliculogenesis in Mammals. ] Reprod Dev (2018) 64(6):477-84.
doi: 10.1262/jrd.2018-076

Li Y, Deng B, Ouyang N, Yuan P, Zheng L, Wang W. Telomere Length is
Short in PCOS and Oral Contraceptive Does Not Affect the Telomerase
Activity in Granulosa Cells of Patients With PCOS. ] Sssist Reprod Genet
(2017) 34(7):849-59. doi: 10.1007/s10815-017-0929-z

Fattet AJ, Toupance S, Thornton SN, Monnin N, Guéant JL, Benetos A, et al.
Telomere Length in Granulosa Cells and Leukocytes: A Potential Marker of
Female Fertility? A Systematic Review of the Literature. ] Ovarian Res (2020)
13(1):96. doi: 10.1186/s13048-020-00702-y

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Velazquez, Millan, Rojo, Abruzzese, Cocucci, Iglesias Molli,
Frechtel, Motta and Cerrone. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

May 2021 | Volume 12 | Article 604215


https://doi.org/10.1016/j.bpobgyn.2014.11.001
https://doi.org/10.1038/35040500
https://doi.org/10.7570/jomes.2019.28.2.9
https://doi.org/10.1038/346866a08
https://doi.org/10.1007/s00439005071
https://doi.org/10.1007/BF01876332
https://doi.org/10.2174/1874609811205030006
https://doi.org/10.2174/1874609811205030006
https://doi.org/10.1016/j.mce.2010.07.021
https://doi.org/10.3349/ymj.2005.46.4.471
https://doi.org/10.1210/jc.2013-3685
https://doi.org/10.1016/S0140-6736(05)66630-5
https://doi.org/10.1161/01.CIR.0000163550.70487.0B
https://doi.org/10.1182/blood-2008-09-178871
https://doi.org/10.1111/cen.13283
https://doi.org/10.1055/s-0042-113463
https://doi.org/10.1093/nar/8.19.4321
https://doi.org/10.1186/1480-9222-13-3
https://doi.org/10.1055/s-0032-1328878
https://doi.org/10.1371/journal.pone.0174945
https://doi.org/10.1007/s10815-017-0945-z
https://doi.org/10.1016/j.fertnstert.2014.10.035
https://doi.org/10.1016/j.fertnstert.2014.10.035
https://doi.org/10.1210/jc.2013-3685
https://doi.org/10.1097/AOG.0000000000002698
https://doi.org/10.1262/jrd.2018-076
https://doi.org/10.1007/s10815-017-0929-z
https://doi.org/10.1186/s13048-020-00702-y
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Telomere Length Differently Associated to Obesity and Hyperandrogenism in Women With Polycystic Ovary Syndrome
	Introduction
	Materials and Methods
	PCOS Patients and Control Women
	Clinical Measurements
	PCOS Phenotype Assessment
	Measurement of Absolute Telomere Length
	Statistical Analysis

	Results
	Phenotype Characterization
	aTL Study

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


