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Abstract
Polycystic ovary syndrome (PCOS) is a complex, heterogeneous syndrome of uncertain etiology
characterized by hyperandrogenemia, hyperinsulinemia, chronic anovulation, and polycystic ovaries.
Recent studies showed that the abnormalities of mitochondrial metabolism are related to PCOS. We
hypothesized that mtDNA copy number is an important marker that can re�ect mitochondrial function. In
this study, 135 PCOS patients and 57 age-matched healthy participants were studied. Mitochondrial DNA
copy number in peripheral blood and PCOS ovarian tissues, and some clinical parameters were assessed.
From the single factor analysis, we can �nd some clinical parameters are different between PCOS and
healthy women and the mitochondrial DNA copy numbers in peripheral blood in PCOS women were
signi�cantly lower than in healthy women. We also found that there was no correlation between mtDNA
copy numbers in peripheral blood and in ovarian tissue. After multiple logistic regressions, we identi�ed
the occurrence of PCOS was signi�cantly positively correlated with BMI and pulse, and negatively
correlated with mitochondrial DNA copy numbers in peripheral blood. We also found the decreased
mtDNA copy numbers in PCOS patients are independent of these clinical parameters. We constructed the
ROC curve based on these risk factors and found if they have potential to predict the patient’s outcome. In
conclusion, the changes in mtDNA copy number and some clinical parameters may provide new ideas for
PCOS diagnosis. More studies are necessary for further validation of their use in PCOS diagnosis.

1. Introduction
Polycystic ovary syndrome (PCOS) is one of the most common reproductive and endocrine abnormalities,
which accounts for about 75% of anovulatory infertility and affects up to 17.8% of women in the
reproductive age (13-45 years old) [1–3]. It is a complex, heterogeneous syndrome of uncertain etiology
characterized by hyperandrogenemia, hyperthecosis, hyperinsulinemia, chronic anovulation, and
polycystic ovaries [4–10]. PCOS is also associated with metabolic disturbances including dyslipidemia,
insulin resistance, and type 2 diabetes mellitus (DM2) [10–13]. Recently, elevated oxidative stress has
been reported in PCOS.

Mitochondria play an important role in cellular energy supply and regulate the production of reactive
oxygen species (ROS) [14, 15]. The ROS can cause signi�cant oxidative stress in the mitochondria,
resulting in the increased mutation rates of mitochondrial DNA (mtDNA), which in turn lead to enzymatic
abnormalities and further oxidative stress [16]. Recently, a study demonstrated that the expression levels
of genes related to mitochondrial oxidative phosphorylation were reduced in skeletal muscle in insulin-
resistant PCOS patients [17]. Damage or dysfunction in mitochondria may lead to cellular metabolic
activity reduction [18] and mtDNA copy numbers can be used for the measurement of the mass of
mitochondria. Lee et al. observed that decreased mtDNA copy number was found in peripheral blood of
Korean PCOS patients when compared to controls and it was independent of insulin resistance or other
metabolic factors [19]. Another study showed treatment with metformin for one year caused a time-
dependent decrease in mtDNA copy number in patients with PCOS [20]. Also, this study showed that the
change in mtDNA copy number was positively correlated to the serum level of total testosterone, however



Page 3/14

other studies did not show any correlations with most of the clinical indexes. From the generalized
estimating equations (GEE) models, only testosterone was signi�cantly associated with mtDNA after
metformin treatment [20].

Based on the above studies, we propose that the mtDNA copy number is a marker of mitochondrial
metabolism, and abnormalities in the mtDNA copy number are related to PCOS. In this study, we further
investigated mtDNA copy numbers in PCOS of Chinese people with larger population samples. mtDNA
copy numbers not only in peripheral blood but also in PCOS ovarian tissues were detected by real-time
polymerase chain reaction. The correlation between mtDNA copy number and metabolic parameters was
assessed. We also include some clinical parameters in our studies to �nd out if they are correlated with
mtDNA or PCOS.

2. Results

2.1. Clinical characteristics of PCOS patients and control
participants
Clinical characteristics of the PCOS patients and control participants were summarized in Table 1. The
median age was 33 years for both groups. PCOS group showed an average BMI of 26.9 kg/m2, which
was greater than that of the control group (BMI=23.1 kg/m2) and was considered overweight.
Additionally, systolic BP, pulse and ALT in the PCOS group were signi�cantly higher and HDL-Cholesterol
in the PCOS group was lower than that of the control group. All the patients had normal fasting glucose
levels.
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Table 1
Clinical characteristics of PCOS patients and healthy controls

Index PCOS (n = 135) Control (n = 57) P value

Age (y) 33.1±5.3 34.2±9.3 .438

BMI (kg/m2) 26.9±5.3 23.1±3.4 .000

Systolic BP (mmHg) 126.2±18.1 120.2±17.5 .034

Diastolic BP (mmHg) 76.9±14.0 74.2±12.5 .205

Pulse (times/min) 86.8±15.7 78.4±12.1 .000

Fasting glucose (mmol/L) 5.1±0.8 5.0±0.7 .287

Urea (mmol/L) 4.0±1.0 4.0±1.5 .573

Creatinine (µmol/L) 60.0±9.7 60.1±16.2 .937

ALP (U/L) 60.0±20.6 68.6±40.4 .113

ALT (U/L) 26.4±21.1 20.0±9.9 .004

Cholesterol (mmol/L) 4.9±0.9 5.3±1.1 .085

HDL-Cholesterol (mmol/L) 1.4±0.4 1.7±0.3 .001

Triglycerides (mmol/L) 1.2±0.7 1.0±0.7 .097

LDL-Cholesterol (mmol/L) 3.0±0.8 3.1±1.1 .456

Data shown as mean ± SD. P value are calculated by the t test (normally distributed variables) or
Wilcoxon rank sum test (nonnormally distributed variables). BP indicates blood pressure. ALP
indicates alkaline phosphatase. ALT indicates alanine aminotransferase. HDL indicates high-density
lipoprotein. LDL indicates low-density lipoprotein.

2.2. Mitochondrial DNA copy number in peripheral blood
and ovary tissues
As the original values of the relative mtDNA copy number were not normally distributed, logarithmic
transformation was used when analyzing the mtDNA copy number of PCOS patients and control
subjects. Compared with healthy control, the mtDNA copy number was markedly lower in PCOS patients
(Figure 1, P<0.05).

Furthermore, the mtDNA copy number of 26 ovarian tissues and 203 blood samples was analyzed and
coe�cients (R) and P values were calculated using the Pearson correlation model. As shown in Table 2,
there was no correlation between peripheral blood mtDNA copy number and ovarian tissue mtDNA copy
number (R=-0.134; P=0.512).
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Table 2
Correlation of peripheral blood mtDNA copy numbers and ovarian

tissue mtDNA copy numbers

    PCOS blood PCOS tissue

PCOS blood Pearson Correlation 1 -.134

Sig.(2-tailed)   .512

Sample size(N) 203 26

PCOS tissue Pearson Correlation -.134 1

Sig.(2-tailed) .512  

Sample size(N) 26 26

We also analyzed the mtDNA copy number in the 26 patients’ ovarian tissues and their corresponding
blood samples. As shown in Table 3, there was also no correlation between peripheral blood mtDNA copy
number and ovarian tissue mtDNA copy number (R=0.142; P=0.490).

Table 3
Correlation of mtDNA copy numbers in ovarian tissue and its

corresponding peripheral blood

    PCOS blood PCOS tissue

PCOS blood Pearson Correlation 1 .142

Sig.(2-tailed)   .490

Sample size(N) 26 26

PCOS tissue Pearson Correlation .142 1

Sig.(2-tailed) .490  

Sample size(N) 26 26

In order to eliminate the confounding factors, we used multiple logistic regressions to determine the
signi�cant risk factors for PCOS patients. The odds ratios (95% CI) for PCOS by BMI, pulse and log-
transformed mtDNA copy number were 1.634 (1.261-2.117), 0.983 (0.923-1.046) and 0.001 (0.000-0.033)
respectively (Table 4), which indicated PCOS was positively correlated with BMI and pulse, while
negatively correlated with mtDNA copy number.
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Table 4
Signi�cant risk factors for PCOS patients determined by using a multiple logistic regression model

Variable Odd ratio 95% CI P value

BMI (kg/m2) 1.634 1.261-2.117 .000

Pulse (times/min) 0.983 0.923-1.046 .000

log-transformed mtDNA copy number in peripheral blood 0.001 0.000-0.033 .000

Data shown as OR and 95% CI. P value are calculated by multiple logistic regression.

Furthermore, we wanted to �nd if there is any correlation between clinical characteristics and mtDNA
copy numbers. In PCOS patients, the mtDNA copy number was not correlated with all the above clinical
characteristics. In the control group, there was no correlation between mtDNA copy number and these
clinical characteristics (Table 5).

Table 5
Correlation of log-transformed peripheral blood mtDNA copy number and biochemical indexes in PCOS

patients and control group

  Log-transformed mtDNA copy number

  PCOS (n = 135) Control (n = 57)

  R P value R P value

Systolic BP (mmHg) 0.085 .328 -0.265 .069

Diastolic BP (mmHg) 0.152 .078 -0.221 .130

Pulse (times/min) 0.134 .121 0.253 .131

Fasting glucose (mmol/L) -0.013 .880 -0.041 .797

Urea (mmol/L) -0.070 .421 -0.184 .217

Creatinine (µmol/L) -0.0105 .227 -0.105 .482

ALP (U/L) 0.140 .106 -0.116 .431

ALT (U/L) -0.023 .795 -0.162 .299

Cholesterol (mmol/L) 0.034 .699 -.355 .064

HDL-Cholesterol (mmol/L) -0.138 .111 0.353 .065

Triglycerides (mmol/L) 0.087 .317 0.022 .935

LDL-Cholesterol (mmol/L) 0.104 .230 -0.007 .978

Data were normalized by log-transformation. Coe�cients and P values were calculated using the
Pearson correlation model.
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To summarize all the results above, we constructed the ROC curve to further investigate if these risk
factors can predict the patient’s outcome. This ROC curve included three factors: BMI (kg/m2), pulse
(times/min) and log-transformed mtDNA copy number in peripheral blood. The Area under the ROC curve
is 0.933 and P=0.000 (Figure 2). It means these three risk factors make sense for the PCOS diagnosis.

3. Discussion
Polycystic ovary syndrome is an endocrine disease that affects female reproduction. It often exhibits
hyperandrogenemia, insulin resistance, and low in�ammation. It also increases the risk of type 2
diabetes, metabolic syndrome, hypertension and blood lipids. So far, the molecular mechanism of PCOS
is still unclear [21]. More and more studies have focused on oxidative stress caused by mitochondrial
dysfunction, which has a negative impact on the development of follicles, indicating that mitochondrial
dysfunction plays an important role in the development of PCOS [22, 23]. In recent years, abnormal
mtDNA copy numbers and mitochondrial gene mutations in PCOS patients came to the focus of
research. In an Iraqi study, a variety of mutations were observed in the mitochondrial transfer RNA in the
PCOS group and the mtDNA copy number of this group was lower, whether have diabetes or not [24].
Similar studied were also conducted and discovered the variants of the mitochondrial genome and lower
mtDNA copy number of PCOS subjects [25]. In a Han Race family study, the members have inherited
insulin resistance and the third generation exhibited PCOS. Analysis of the mtDNA copy number and
sequencing data showed that the patients had a mutation in the transfer RNA gene and a lower copy
number [26].

Consistently, in this study, we observed the same trend. MtDNA copy number of the PCOS group was
signi�cantly lower than that of the control group in peripheral blood. The multiple logistic regression
results showed that mtDNA copy number was negatively correlated with PCOS, and BMI and pulse were
positively correlated with PCOS. Based on these results, we tried to construct the ROC curve to �nd if
these factors have the diagnostic potential for PCOS. The ROC curve showed that these factors can
suggest the PCOS occurrence to some degree. On the other hand, PCOS is associated with cardiovascular
diseases [27, 28]. Analysis of clinical characteristics showed that the systolic BP and pulse were greater
in PCOS patients compared with the healthy subjects. As the PCOS patients and control subjects are age-
matched, the effect of age can be ignored. Since the BMI was not matched between these two groups
and it is a crucial factor for cardiovascular diseases, in this study, we cannot prove with strong evidence
that PCOS is correlated with cardiovascular diseases.

At present, the molecular mechanism of the pathogenesis of PCOS is still unknown and oxidative stress
has been considered as one of the inducing factors. Mitochondria are the main place where ROS are
produced and the hub of metabolic activities [29], so the role of mitochondria in the pathogenesis of
PCOS cannot be ruled out. Unlike nuclear DNA, mtDNA does not have protective histones and is
continuously exposed to the endogenous ROS generated nearby, thus it is more susceptible to
environmental carcinogens. The mechanism for lower peripheral mtDNA copy number in PCOS patients
is unknown and we are not sure it is the reason or the result of PCOS. Different from the other studies that
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only detecting peripheral samples, mtDNA copy numbers in PCOS ovarian tissue were also detected in
this study. Most strikingly, there was no correlation between peripheral mtDNA copy number and tissue
mtDNA copy number. Changes in peripheral blood makers do not re�ect changes in tissues. This gave us
a hint that peripheral mtDNA copy number changes in PCOS may be related to the immune system as the
peripheral mtDNA comes from leukocytes. Some studies also found some risk factors which were related
to mtDNA copy number in other diseases, including age [31], smoking, and PM 2.5 exposure levels [32]. It
was also reported a low level of progesterone causes overstimulation of the immune system, thus
producing more estrogen which leads to the accumulation of autoantibodies in PCOS [30]. This opens a
new chapter for mtDNA research in PCOS.

This study had some limitations. First, the sample size for the control group is not as large as the PCOS
group, as it was hard to recruit healthy women who were willing to join our study. Second, there was no
insulin data for all the participants. Third, normal ovarian tissues were not obtained in this study. We
could not compare tissue mtDNA copy numbers between the PCOS and the control group. In the future
study, larger population samples as well as, “normal ovarian tissues”, are necessary.

In conclusion, we reported decreased peripheral mtDNA copy number in PCOS patients is independent of
biochemical markers. Future studies in these circumstances may uncover the mechanism of PCOS,
thereby helping to identify early biomarkers and develop strategies to reduce the risk of the onset of
PCOS in women.

4. Materials And Methods

4.1 Patient recruitment and sample collection
This study was approved by the Research Ethics Committee of the Joint Chinese University of Hong Kong
- New Territories East Cluster Clinical Research Ethics Committee and all protocols were performed in
accordance with the relevant guidelines and regulations. A total of 203 women who had been diagnosed
with PCOS based on the Rotterdam (2003) Diagnostic criteria were enrolled in this study. PCOS patients
were diagnosed when they ful�lled two of the following three criteria: (1) Clinical hyperandrogenism
(Ferriman-Gallwey Score>8) or Biochemical hyperandrogenism (elevated total/free testosterone); (2)
Oligomenorrhea (less than 6-9 menses per year) or oligo-ovulation; (3) Polycystic ovaries on ultrasound
(>= 12 Antral Follicles in one ovary or ovarian volume >= 10 cm3). Another 43 age-matched healthy
women were recruited as control. In these participants, we have excluded the patients who have received
special medication. Informed consent was signed and collected from all participants prior to the study.
For the collection of PCOS ovary tissues, the ovarian drilling was performed with general anesthesia for
laparoscopy and under general anesthesia. Tissues were snap-frozen and kept at -80℃ until use.

4.2 Assessment of clinical parameters
Body mass index (BMI) was calculated as weight (kilograms) divided by the square of the height (square
meters). Blood samples were collected in the morning between 8:30 AM and 10:30 AM after overnight
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fasting. Systolic BP (mmHg), diastolic BP (mmHg), pulse (times/min), fasting glucose(mmol/L), urea
(mmol/L), creatinine (µmol/L), alkaline phosphatase (ALP, U/L), alanine aminotransferase (ALT, U/L),
cholesterol (mmol/L), high-density lipoprotein (HDL)-cholesterol (mmol/L), triglycerides (mmol/L), low-
density lipoprotein (LDL) -cholesterol (mmol/L) were measured as routine test.

4.3 Detection of mtDNA copy number in peripheral blood and ovarian tissues by the real-time polymerase
chain reaction

Peripheral blood and ovarian tissues mtDNA was extracted by using Trizol. The relative mtDNA copy
number was measured by a real-time polymerase chain reaction (QPCR). The measurement was
conducted by following Sang-Hee Lee’s methods [19]. Primers used in the study were as follows:

B-globin Forward: 5’- GAAGAGCCAAGGACAGGTAC-3’

Reverse: 5’- CAACTTCATCCACGTTCACC-3’

MT-ND1 Forward: 5’- AACATACCCATGGCCAACCT-3’

Reverse: 5’- AGCGAAGGGTTGTAGTAGCCC-3’

The Real-time polymerase chain reaction was performed under the following conditions: initial
denaturation at 95°C for 300 seconds followed by 40 cycles of 0.1 second at 95°C, 6 seconds at 58°C,
and 18 seconds at 72°C, and the real-time polymerase chain reaction was performed with 8 seconds
extension time when identifying the mitochondrial gene products. The β-globin gene was used as a
housekeeping gene. To reduce variations in measurements, all parameters throughout the study were
measured by the same person.

4.4 Statistical analysis
All data were analyzed using the SPSS 25 statistical program and P<0.05 was considered statistically
signi�cant. Data are presented as mean ± standard deviation. Measurements with a skewed distribution
were normalized by logarithmic transformation. The T-test was used to analyze the differences between
PCOS patients and control participants. Pearson correlation coe�cients were calculated, and logistic
regression analyses were performed to evaluate the relationship between log-transformed mtDNA copy
number and clinical characteristics in both the PCOS and control groups.

Abbreviations

PCOS Polycystic ovary syndrome

ROS Reactive oxygen species

mtDNA mitochondrial DNA
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Figures

Figure 1

Log-transformed mtDNA copy numbers of PCOS patients and control subjects were analyzed. Compared
with healthy control, the mtDNA copy number was markedly lower in PCOS patients, T-test; P<0.05.
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Figure 2

The ROC curve was constructed by including three factors: BMI (kg/m2), pulse (times/min) and log-
transformed mtDNA copy number in peripheral blood. The Area under the ROC curve=0.933,
P=0.000<0.05.


