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Role of hyperhomocysteinemia in the pathogenesis of polycystic
ovary syndrome
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Abstract
Background: Polycystic ovary syndrome is the reason not only of infertility but also the one of the most im-
portant risk factors of miscarriage.

Until recent period hyperinsulinemia and hyperandrogenemia were considered in the pathogenesis of polycystic ovary
syndrome, but in recent years, the studies have been reported that miscarriage in patients with polycystic ovary
syndrome can be associated with hyperhomocysteinemia. Therefore, hyperhomocysteinemia may be considered as one
of the newly identified characteristics of polycystic ovary syndrome.

Nowadays the matter of interest is to determine associations between hyperhomocysteinemia and metabolic syn-
drome and their contribution in the processes of ovulation, conception, pregnancy, pregnancy loss and live birth in
infertile women with polycystic ovary syndrome. This data may give possibility to predict reduction in the ovulation
rate and determination of the prognosis of miscarriages in women with polycystic ovary syndrome based on elevat-
ed homocysteine levels.

Aim of the study: We aimed to observe literature data to review the current understanding of the role of hyper-
homocysteinemia in the pathogenesis of polycystic ovary syndrome and analyse of modern management of polycys-
tic ovary syndrome.

Materials and methods: For this purpose following electronic databases were searched: Pubmed, Medline, Cochrane
Library, Web of Science, EMBASE, Europe PMC, Science Direct, NCBI, Semantic Scholar, Natonal Library of Med-
icine, Springer.

Results: 129 article was reviewed, 70 of them attracted our attention by their statistical significance and were ana-
lysed and discussed in our article.

Conclusion: Obtained controversial results do not allow specifying the role of hyperhomocysteinemia in the patho-
genesis of polycystic ovary syndrome. That means the research in this direction should be continued because understand-
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ing the mechanisms of pathogenesis of polycystic ovary syndrome, is very important for effective management.

Keywords: polycystic ovary syndrome; PCOS, homocysteine, hyperhomocysteinemia, MTHFR

Introduction

ight to have a child is one of the most
R important human rights (13,14,18). However,

due to infertility this right cannot be experi-
enced by up to 50 million couples world-
wide (17). According to WHO 2010 data about 12%
of women were infertile (15, 16, 17), which leads to
decreased quality of life of these people and their
realization in the society.

Infertility is individual problem for individual cou-
ples even in countries with high birth rates while in
Georgia, with amid alarmingly low birth rate, infertility
is gaining special medical and social significance (17).
Thus, identifying the causes of infertility based on the
achievements of modern medicine and developing
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highly effective management methods to overcome
this problem is of state importance in Georgia.

Endocrine disorders are one of the leading causes
of infertility in women. According to various studies
rate of polycystic ovary syndrome (PCOS) in female
infertility of endocrine genesis is 5-15% (19, 37).
Clinically it is manifested by anovulation, oligo/
amenorrhea, infertility, hirsutism, acne and obesity (3).
5-10% of clinical manifestations depend on race, eth-
nicity, environmental factors and phenotype (4).

Manifestation of polycystic ovary syndrome is not
limited to reproductive disorders. It is associated with
arterial hypertension, dyslipidemia, obesity, insulin re-
sistance, and metabolic syndrome, leading to future
health problems such as cardiovascular diseases and
type 2 diabetes (2, 5).

Achieving pregnancy is not enough to fulfill the
function of childbirth. It is very important to main-
tain this pregnancy, bring it to full term and give
live birth.

Polycystic ovary syndrome is known to be one of
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the most important risk factors not only for infertility
but also for spontaneous abortion. In particular, the
risk of spontaneous abortion in PCOS women is
40% (20). According to various studies, this rate var-
ies between 25-73% (20, 21, 22).

Women with polycystic ovary syndrome (PCOS) are
at higher risk for certain problems or complications
during pregnancy . Complications of pregnancy com-
monly associated with PCOS could be a reason for
these risks (71). PCOS is not only related to meta-
bolic abnormalities, menstrual irregularity or infertility
as previously reported, but becoming increasingly rec-
ognized the problems of gestational diabetes ( GDM ),
pregnancy - induced hypertension, preeclampsia, prema-
ture delivery rate, neonatal birth weight, caesarean
section rate, and rate and admission to an NICU,
which are all considered to be adverse pregnancy out-
comes of PCOS during pregnancy. The elevated risk
for adverse obstetric complications that was observed
in women presenting PCOS varied widely depending
on the different phenotypes and features of
PCOS. There have been a number of relevant studies
performed in order to illustrate incidences of pregnan-
cy and neonatal complications (72).

In 2011 Lucinda E Kjeruff et al and in 2013 by
Jun Z Qin et al conducted an interesting studies .
The purpose of these studies were to examine which
maternal and neonatal complications are associated
with polycystic ovary syndrome (PCOS) in pregnant
women. The studies that were included compared
pregnancy outcomes between women with PCOS and
those without diagnosed PCOS. Primary outcomes
included gestational diabetes mellitus, pregnancy — in-
duced hypertension, and preeclampsia. Secondary out-
comes included cesarean delivery rates, operative vagi-
nal delivery rates, preterm delivery, small — for — gesta-
tional - age (SGA ) infants and large — for — gestational
- age infants. They found that PCOS in pregnancy
was associated with higher rates of gestational diabe-
tes  mellitus, pregnancy — induced hypertension,
preeclampsia, preterm delivery, cesarean delivery, oper-
ative vaginal delivery, SGA, and large — for — gestation-
al age. Only gestational diabetes mellitus, pregnancy -
induced hypertension, preeclampsia, preterm delivery
and SGA infants were found to be statistically signifi-
cant. These metaanalysis confirms the higher associa-
tion of pregnancy complications and PCOS compared
with patients who do not have PCOS. They conclud-
ed that women with PCOS are at increased risk of
adverse pregnancy and neonatal complications; this
information may be vital in clinical practice for the
management of pregnancy in women with PCOS.
These women should be given notice of the addition-
al risks their pregnancies may have, stronger surveil-
lance and attention should be provided, as well as
screening for these complications during pregnancy
and parturition (72.73).

Regine P Steegers — Theunissen et al in case — control
study they conducted in 2004 they evaluated that hy-
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perhomocysteinemia was associated with an approxi-
mately 2 —fold to 3 — fold increased risk for pregnan-
cy - induced hypertension, abruptio placentae, and in-
trauterine growth restriction. Cobalamin deficiency was
associated with HELLP syndrome, abruptio placentae,
intrauterine growth restriction, and intrauterine fetal
death. Pyridoxal 5 - phosphate deficiency increased the
risk  for pregnancy - induced hypertension 4 - fold.
These associations lost their significance after adjust-
ment for time interval and maternal age. High red
cell folate was associated with a decreased risk for
abruptio placentae and intrauterine growth restriction.
They concluded that hyperhomocysteinemia and vita-
min deficiencies are largely determined by the interval
between delivery and postpartum investigation and by
maternal age. Time interval and maternal age should
be considered in the risk estimation for vascular - re-
lated pregnancy complications (74).

Diagnostic criteria of PCOS

Manifestation of polycystic ovary syndrome can
begin during puberty and continue until postmeno-
pause. PCOS is a major cause of menstrual dysfunc-
tion and hyperandrogenism in adolescents, leading
cause of anovulatory infertility in the reproductive
age, and in menopause it is a risk factor for develop-
ment of diabetes mellitus , cardiovascular diseases, and
adenocarcinoma (9).

Diagnosis of polycystic ovary syndrome at different
stages was based on different sets of diagnostic crite-
tia.

The first step in the study of polycystic ovary syn-
drome was to investigate its structure. With the de-
velopment of histological and histochemical methods,
its details were refined and the obtained results were
published by Stein, Leventhal, and Lesnoi in 1928 —
1935 in their first publications (70). Stein and Le-
venthal syndrome was first described in 1935, which
was characterized by irregular menstrual cycles, infer-
tility, hirsutism, relatively rarely obesity and breast
hypoplasia, and ovarian enlargement and cystic chang-
es. Menstrual cycle disorders were in the form of
primary or secondary amenorrhea, with anovulatory
bleeding (69).

Quite practical classification for use in clinical prac-
tice was proposed by Krimaskaya in 1980, according
to which 3 forms of PCOS were defined according
to the source of hyperandrogenism (70):

1. Typical form - ovarian hyperandrogenism (primary
polycystic ovaries);

2. Mixed form - includes ovarian and adrenal hyper-
androgenism;

3. Central form - clinical manifestations of dysfunction
of the hypothalamic - pituitary system, which regulates
the function of the reproductive system.

In 1990, National Institutes of Health (NIH) es-
tablished the diagnostic criteria for polycystic ovary
syndrome, according to which diagnosis of polycystic
ovary syndrome is based on the following criteria:
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e Hyperandrogenism and / or hyperandrogenemia;
e Menstrual dysfunction.

In 2006, Androgen Excess and PCOS Society pro-
posed the following PCOS diagnostic criteria:

e Clinically or biochemically detected hyperandrogen-
ism;

e Ovarian dysfunction (oligo / anovulation and / or
morphologically polycystic ovaries ).

At present, diagnosis of polycystic ovary syndrome
is based on the diagnostic criteria adopted at the
Rotterdam ESHRE ASRM - Sponsored PCOS Con-
cesus, Workshop, 2003, according to which diagnosis
of polycystic ovary syndrome is made if at least two
of the three criteria below are presented:

e Oligo / amenorthea and / or chronic anovulation;
e Clinically and / or biochemically confirmed hyper-
androgenemia;

e Multifollicular ovaries ( = 12 follicles of 2 -9
mm diameter, or one or both ovary volume > 10

m’) (6, 9).

According to this Consensus, thyroid diseases, hy-
perprolactinemia, androgen - producing tumors, adrenal
hyperplasia, and Cushing’s syndrome should be ex-
cluded.

The diagnosis of polycystic ovary syndrome in ado-
lescents has difficulties as it is often associated with
differentiation of PCOS with physiological pubertate,
as physiological pubertate is characterized by such
manifestations as menstrual cycle disorders, clinical
manifestation of hyperandrogenism in the form of
acne, multifollicular ovaries by ultrasound examination,
and secondary insulin resistance, which is developed
at the expense of elevated growth hormone (9).

At present, diagnostic criteria adopted at the Rotter-
dam ESHRE ASRM - Sponsored PCOS Concesus
Workshop, 2003, are used for diagnosis of polycystic
ovary syndrome in adolescents as well (9). However,
these criteria do not take into account peculiarities of
adolescent physiology, so different authors offer dif-
ferent diagnostic markers of polycystic ovary syn-
drome in adolescents (62.67).

According to Sultan and Paris, diagnosis of PCOS
in adolescents is made, if at least 4 of the 5 criteria
given below are present (67):

1. Oligo / amenorthea or amenorthea after 2 years
from menarche,

Clinical hyperandrogenism,

Biochemical hyperandrogenism,

Insulinresistance or hyperinsulinemia,

Polycystic ovaries by ultrasound examination
By Carmina’s proposal made in 2010, adolescent
girls with PCOS should meet all three criteria accord-
ing to Rotterdam criteria. Adolescent girls who have
only 2 criteria are at high risk of syndrome develop-
ment and require constant supervision (62). According
to the ESHRE 2018 Guidelines, for diagnosis of
PCOS in the adolescents whose gynecological age < 8
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years from menarche, use of ultrasound examination
is not enough to make diagnosis, since this stage of
life is physiologically characterized by multifollicular
ovaries (68).

Aim of the Study

Many researches on the polycystic ovary syndrome
have been conducted. Despite the numerous studies,
etiopathogenesis of PCOS is not yet fully specified.
Understanding the mechanisms of pathogenesis of
polycystic ovary syndrome and its effective manage-
ment is very important.

Until recent period hyperinsulinemia and hyper-
androgenemia were considered in the pathogenesis of
polycystic ovary syndrome, but in recent years, the
studies have been reported that spontaneous abortions
in patients with polycystic ovary syndrome are associ-
ated with hyperhomocysteinemia, therefore, hyperho-
mocysteinemia (HHCY) may be considered as one of
the newly identified characteristics of PCOS (20, 21,
22, 37).

So we aimed to observe literature and to review
the current understanding of the role of hyperhomo-
cysteinemia in the pathogenesis of polycystic ovary
syndrome.

Materials and Methods

For this purpose following electronic databases were
searched: Pubmed, Medline, Cochrane Library, Web of
Science, EMBASE, Europe PMC , Science Direct,
NCBI, Semantic Scholar, Natonal Library of Medicine,
Springer. 129 article vas reviewed, 70 of them attract-
ed our attention by their statistical significance and
were analysed.

Results

In recent years, hyperhomocysteinemia is considered
to be the main characteristic of polycystic ovary syn-
drome. Homocysteine is a non — protein o - amino
acid and homologous to amino acid cysteine. Its
pathway covers remethylation to methionine or trans-
sulfuration to cystathionine, as shown on Figure 1.
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Figure 1 Homocysteine metabolism, ref. (33)
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The first pathway of metabolism needs folate and
vitamin B12, while the second pathway requires pyri-
doxal 5'- phosphate (PLP). These both ways of syn-
thesis are strengthened by S - adenosyl methionine
(SAM), which is moderator of methylenetetrahydro-
folate reductase ( MTHFR ) and inhibitor of cystathi-
onine — f - synthase (CBS). These metabolistic path-
ways are impaired during either cystathionine — 3 —
synthase (CBS) mutation or vitamin B6 deficiency, or
blocking of remethylation cycle, which leads to accu-
mulation of homocysteine in the blood plasma. As a
result of blocking of remethylation cycle, increase in
the level of homocysteine in the blood can be due
to folate and vitamin B12, as well as MTHFR defi-
ciency (37).

It is known that Hcy and insulin have the ability
to induce each other by inhibiting hepatic cystathi-
onine — 3 - synthase (CBS) that results in hyperhomo-
cysteinemia leading to compensatory hyperinsulinemia
by inducing insulin resistance. This may impair activity
of the MTHFR or CBS enzymes, leading to abnormal
deposition of homocysteine in plasma (37).

Bar —on H et al. believe that PCOS - associated
insulin resistance leads to hyperhomocysteinemia with
impact of insulin on cystathionine B — synthase (20).
These results of the study coincided with data of
several other researches. In particular, correlation be-
tween homocysteine levels and insulin resistance in
patients with PCOS was detected in De Pergola’s et
al. study (27).

It is established that several factors affect homocys-
teine level in blood serum. These factors include age,
gender, smoking, physical activity, chronic inflammato-
ry process, diet, and insulin (10). Normally, homocys-
teine levels are higher in men than in women and
increases with age from 10.8 mmol /L at the age of
40 — 42 to 12.4 mmol/L at the age of 65 - 67. Hypet-
homocysteinemia is classified as mild (15— 30 mmol/
L), intermediate (31 —100mmol/L) and severe (>100
mmol/L) (50).

In studies conducted by Hui Chang in Chinese
population the level of homocysteine in blood serum
>12 umol/l is considered as hyperhomocysteinemia
(36).

Patients with hyperhomocysteinemia are prone to
damage to endothelial cells, which causes an inflam-
matory process in blood vessels and in turn contrib-
utes to the development of atherogenesis, that can
result in ischemic tissue damage (3). Besides the fact
that hyperhomocystinemia correlates with blood clots
formation, infarctions, it is an important risk factor
for development of many diseases, such as throm-
bosis, cerebrovascular diseases ( Alzheimer's disease,
brain atrophy and bone fractures, osteoporosis, femo-
ral shaft fracture) (21, 22, 23, 24, 34, 26, 27). Hyperho-
mocysteinemia is also associated with early pregnancy
loss, in particular, hyperhomocysteinemia increases
hypercoagulability of pregnancy and likelihood of de-
velopment of thrombosis in the blood circulation sys-
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tem and, as a result, adverse pregnancy outcomes (6).
On the early terms of pregnancy, including preimplan-
tation period, hyperhomocysteinemia contributes to
early pregnancy loss due to impaired implantation
through interfering with endometrial blood flow and
its vascular integrity, while at late terms promotes
such complications as preeclampsia (PE), preterm la-
bor (PTL), placental abruption, intrauterine growth
restriction (IUGR) (6,20). In addition, hyperhomocys-
teinemia is associated with fetal neural tube defects
(NTDs) (6).

In recent years, it was established that the develop-
ment of pregnancy losses is due to the mutations of
thrombophilia genes in mother. In difference with
previous years data, new studies have been shown
that MTHFR genes mutations contribute to second
trimester losses, as well as are the risk factors for
eatly pregnancy losses. As mentioned above, hyperho-
mocysteinemia, conditioned by MTHFR genes muta-
tions contribute to eatly pregnancy loss due to im-
paired implantation through interfering with endome-
trial blood flow and its vascular integrity (11) (20).

Over the last decade quite a lot of studies were
conducted to determine the rate of hyperhomocyste-
inemia in women with PCOS. In addition, it was
studied association of hyperhomocysteinemia with such
PCOS characteristics as insulin resistance, increased
androgen levels and obesity (3, 11, 26, 34). However,
obtained diverse results do not allow specitying the
role of hyperhomocysteinemia in the pathogenesis of
PCOS and therefore, addition of any recommendation
in patient’s management based on homocysteine indi-
cators is limited, which indicates the need for further
comprehensive research in this direction (3, 34, 37).

All above mentioned has been raised the interest to
study correlation of hyperhomocysteinemia with insulin
resistance and PCOS biochemical markers. According
to the case — control studies conducted in 2013 by
Sachan Rekha and in 2018 by Pranita Maharjan with
co - authors, blood serum homocysteine indicators
were significantly high in both, women with PCOS
who had excess weight, as well as with a normal
body mass and were in positive correlation with
HOMA index (37, 38). In their study conducted in
2013, Murri et al. found associations of hyperhomo-
cysteinemia with 3 of 5 criteria of the metabolic syn-
drome established by 2003 Rotterdam ESHRE /
ASRM — Sponsored PCOS consensus workshop group:
insulin resistance, elevated arterial pressure, and in-
creased low density lipoproteins (36).

Similar correlation between increased homocysteine
levels and insulin resistance was found in studies con-
ducted in 2011 by Caglar, G.S. et al. and in 2012 by
Rajagopal G. et al. (46, 47).

As it was mentioned above, according to data by
Pranita Maharjan et al., one of the case — control
studies conducted in 2018 established significant in-
crease in homocysteine levels in both, patients with
PCOS who had excess weight, as well as with a nor-
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mal body mass. The same study revealed positive
correlation between hyperhomocysteinemia and insulin
resistance. At the same time, Esmaeilzadeh, S. et al.
and Rosolova et al. independently of each other have
established inverse relationship between homocysteine
levels and insulin resistance parameters, in partticulat,
high fasting IRI levels, high triglycerides, BMI, blood
pressure and PAI -1, and decreased low — density lip-
oproteins in blood serum (37, 39, 40). They also ob-
tained statistically reliable data -- negative correlation
between SSPG and homocysteine level in blood se-
rum (37). At the same time, several authors did not
find association between homocysteine levels and in-
sulin resistance (41, 42, 43, 44, 45).

Research conducted by Rojeen Rasheed Suleiman
and Dhia Mustafa Suleiman, staff members of the
laboratory of the College of Health and Medical
Technologies in Shekhan, Duhok Polytechnic Universi-
ty, Iraq, is noteworthy (28). The aim of researchers
was to evaluate homocysteine levels in patients with
PCOS. Through a case — control study (50 patients
with PCOS by Rotterdam criterion and 40 healthy
women ), they have studied homocysteine levels in
the blood serum with the use of Cobas 6000. Their
results have shown that the level of homocysteinemia
is significantly higher and average level of homocyste-
ine in blood serum is higher in women with PCOS
than in healthy women. This may be result of insulin
resistance due to the impact of insulin on cystathi-
onine B - synthase. Percentage prevalence of hyperho-
mocysteinemia was statistically reliable in PCOS pa-
tients compared to the control group. However, sig-
nificant difference between homocysteine levels in
normal and high BMI was not found. Study, conduct-
ed by Guzelmeric K, Alkan, et al., also found that
high BMI is associated with increased homocysteine
levels (25, 28).

The authors believe that based on the results of
their study increased homocysteine levels in blood
serum can be considered as PCOS biomarker (28).

These results match the results of the studies con-
ducted by Al— Gareeb et al. and Maleedhu P. et al,
significant increase in homocysteine levels in both,
PCOS patients who had excess weight, as well as
with a normal body mass, compared to respective
control groups was detected (41,48).

However, Palomba S. et al. received opposite re-
sults. Their study have not found significant differ-
ences between homocysteine levels in patients with
polycystic ovary syndrome and in the control group
49).

Obtaining different data from studies may be due
to the fact, that homocysteine levels vary according
to age, populations, diet and many other factors, and
therefore no threshold norms have been set.

Interesting study was conducted by Hui Chang et
al. The goal of their study was to determine associa-
tions between hyperhomocysteinemia and metabolic
syndrome and their contribution to the processes of
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ovulation, conception, pregnancy, pregnancy loss and
live birth in infertile women with polycystic ovary
syndrome. This data may give possibility to predict
reduction in the ovulation rate and determination of
the prognosis of miscarriages in women with PCOS
based on elevated homocysteine levels. Participants of
the study were divided into 3 groups according to

homocysteine levels ( lower tertile - HCY = 6,09
pumol/l, middle tertile - HCY 6,10 - 9,33 pmol/l, up-
per tertle - HCY > 9,34 umol/l). High BMI was
observed in the upper tertile group of homocysteine.
Lower tertile group showed increase in FSH and
trend of decrease in free testosterone. No significant
difference between the ultrasonography data in all
three groups was found. Statistically significant differ-
ences were observed in ovulation rate, in particular
the inverse relationship between homocysteine level
and ovulation rate in the middle and wupper tertile
compared with the lower tertile. Ovulation, concep-
tion, pregnancy, second and third trimester pregnancy
losses and live birth rates in the group of patients
with metabolic syndrome after adjusting treatment
were statistically significantly lower than in the control
group. Negative effect of high levels of homocysteine
on ovulation rate was no longer observed after nor-
malization of sex hormone levels. Based on above
they concluded that the effect of hyperhomocyste-
inemia on ovulation was due to the action of homo-
cysteine on sex hormones. Authors indicate that ele-
vated serum homocysteine levels in blood serum are
associated with sporadic anovulation and hormonal
changes, indicating impaired ovulatory function. These
data are consistent with Michels et al. 2017 opinion,
who found correlations between elevated homocysteine
levels and decreased total estradiol levels (51). Possi-
ble reason for tendency for estradiol levels to de-
crease in women with hyperhomocysteinemia is that
clevated levels of homocysteine in the follicular fluid
may suppress estradiol production and affect domi-
nant follicle development, oocyte maturation, and fer-
tilization in PCOS women who use assisted reproduc-
tive technologies.

Interesting was the meta — analysis conducted by
Yuming Meng et al, which included 34 studies in-
volving a total of 1718 study and 1399 control sub-
jects. Meta — analysis aimed at establishing in PCOS
women associations of high homocysteine levels with
biochemical characteristics of PCOS. Based on ob-
tained results researchers suggested that high levels of
homocysteine in PCOS women were not associated
with obesity, insulin resistance status or androgen lev-
els. They also found that metformin treatment does
not reduce homocysteine levels in PCOS patients
(34).

Therefore, studies to determine significance of hy-
perhomocysteinemia in the pathogenesis of PCOS
should take into account the fact that hyperhomocys-
teinemia may also be caused by other factors. In par-
ticular, as mentioned above, association of hyperho-
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mocysteinemia with MTHFR gene mutations has been
determined (3,50). Thus, in cases of PCOS, it should
be considered appropriate to exclude MTHFR Co677T
and MTHFR A1298C genes mutations to avoid erro-
neous results in patients with PCOS, as well as inclu-
sion of this component in the study in PCOS pa-
tients.

When conducting the sdudy to determine the gene-
sis of hyperhomocysteinemia, it is important to con-
sider that polymorphism of MTHFR gene is charac-
terized by population differences. The rate of
MTHFR gene mutations in Egyptian women with
recurrent idiopathic pregnancy loss was 63% (64, 65);
In southern Italy, 78% of cases of recurrent pregnan-
cy loss of unknown genesis one or more thrombo-
philic abnormalities were detected. The rate of
MTHFR C677T gene mutation in Northern Europe is
32.7%, in Southern Europe - 62.5-79.2%, in Africans
- 11.9%, in East Asian countries - 1.1 - 16.1%, in
West Asian countries 47.7%, in Hispanic - 47.9%
(64,66). However, studies conducted in Georgia in
previous years indicate that MTHFR gene mutations
are quite common in Georgian population, in particu-
lar, the prevalence of MTHFR C677T gene mutations
in Georgia is 46.1% (12, 64).

As mentioned above, high rate of MTHFR Co677T
gene mutation has been found in Georgian popula-
tion, but MTHFR A1298C gene mutations in women
with pregnancy losses and in the control group has
not been studied (12), while there are literature data
that thrombosis and pregnancy losses develop in
MTHFR A1298C compound heterozygous as well as
in MTHFR C677T homozygous. And in women with
PCOS, correlations between homocysteine levels and
insulin, antimullerian hormone and androgen levels
manifested by hyperhomocysteinemia have been estab-
lished in a small group without excluding genetically
induced hyperhomocysteinemia (9).

Since hyperehomocysteinemia is associated with
MTHFR gene mutations, it is interesting, is the hy-
perhomocysteinemia and MTHFR gene mutations in
case of polycystic ovary syndrome just coincidence, or
could hyperhomocysteinemia be an independent factor
in the pathogenesis of polycystic ovary syndrome.

Highly interesting study was conducted by Talich
Kazerooni et al, designed to study pathogenesis of
recurrent pregnancy losses (RPL) in patients with pol-
ycystic ovary syndrome and establish associations with
thrombophilias. Four groups were identified: 1. PCOS
and RPL; 2. PCOS without RPL; 3. RPL without
PCOS and control group. In the study they attempt-
ed to identify the role of hyperandrogenism, insulin
resistance, and hyperhomocysteinemia in patients with
PCOS and recurrent pregnancy loss. In the study
they found that patients with PCOS and RPL had
significantly higher levels of testosterone, DHEA-S,
Hcy compared to patients without PCOS and RPL.
Miscarriages in patients with PCOS were associated
with hypofibrinolysis (PAI — Fx was defined) and de-
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creased insulin sensitivity. Elevated homocysteine levels
were also found in patients with pregnancy loss com-
pared to healthy individuals. Significantly high levels
of homocysteine were found in PCOS patients with
RPL compared with patients with PCOS only, thus
indicating the role of hyperhomocysteinemia in the
pathogenesis of RPL in case of polycystic ovary syn-
drome. According to the authors, insulin resistance in
polycystic ovary syndrome and, consequently, hyperin-
sulinemia leads not only to hyperandrogenemia, but
also to hypofibrinolysis and hyperhomocysteinemia.
This, in turn, increases the risk of developing recur-
rent pregnancy loss (5).

Conclusion

Obtained controversial results and the fact, that in
most of these studies genetic causes of hyperhomo-
cysteinemia are not excluded, do not allow specifying
the role of hyperhomocysteinemia in the pathogenesis
of polycystic ovary syndrome. That means the research
in this direction with exclusion of genetic factors and
taking into account population characteristics should
be continued because understanding the mechanisms
of pathogenesis of polycystic ovary syndrome, is very
important for its effective management.



TCM&GM], November 2022

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Avinash Kumar, Henry A.Palfrey, Rashmi Pathak, Philip J. Kadowitz, Thomas
W. Gettys, Subramanyam N. Murphy: The metabolism and significance of ho-
mocysteine in nutrition and health, 2017 Dec 22. doi: 10.1186/512986-017-0233-
z

Y Jin amd L. Brennan. Effects of Homocysteine on metabolic pathways in cul-
tured astrocytes.

Yuming Meng, Xiang Chen, Zheng Peng, Xuexiang Liu, Yifan Sun, Shengmind
Dai. Association between High Serum Homocysteine Levels and Biochemical
Characteristics in Women with Polycystic Ovarian Syndrome: A Systematic
Review and Meta-Analysis. Published: June 9.2016 ; http://doi.org/10.1371/
journal.pone.0157389

Allam IA, Dawood AS, EI-Hawary TM, EL-Gharib MN. The Effect of folic
Acid in women with Recurrent Pregnancy Loss, Polycystic Ovaty Syndrome and
Hyperhomocysteinemia. Published: June 29, 2018, MOJ Women’s Health, Med-
Crave

Taliech ~ Kazerooni,Fariborz ~ Chaffarpasand,  Nasrin ~ Asadi, =~ Zahra
Dehkhoda,Maryam Dehghankhalili, Yasaman Kazerooni, Correlation Between
Thrombophilia and Reccurent Pregnancy Loss in Patioents with Polycystic
Opvary syndrome: A comparative study.October 11, 2012, Journal of the Chinese
Medical Association 76 (2013) 282-288, www.jcma-online.com, Elsevier,
www.sciencedirect.com

Esraa H, Humadi, Treatment of Hyperhomocysteinemia and Pregnancy Out-
come in Patients with Recurrent Miscarriage, Mustansiriya Medical Journal Vol-
ume 15, Issue 2, August 2016

G. Tsanadis, G. Vartholomatos, Panepistimiou I, Ioannina, I. Korkontzelos, F.
Acgoustatos, G. Kakosimos, A. Sotiriadis, A. Tatsioni, A. Eleftheriou, D. Lolis:
Polycystic Ovarian Syndrome and Thrombophilia, Human Reproduction, Vol.
17, No.2, 314-319, 2002.

Pranita Maharjan, Peng Dan Hong: The Effects of Plasma Homocysteine in
PCOS Women. Open Journal of Obstetrics and Gynecology, 2018, 8, 39-50,
January 15, 2018

Elizabeth A. Varga, MS; Amy C. Sturm, MS; Caron P. Misita, PharmD; Stephan
Moll: Homocysteine and MTHFR Mutations Relation to Thrombosis and Coro-
nary Artery Disease, DOI: 10.1161/01.CIR.0000165142.37711.E7, 2005

Philippe Merviel, Rosalie Cabry, Emanuelle Lourdel, Segolene Lanta, Henri
Copin, Moncef Benkhalifa: Compatison of two preventive treatments for pa-
tients with recurrent miscarriages carrying a C677T methyltetrahydrofolate re-
ductase mutation: 5-year expetience, Journal of International Medical Research,
2017, Vol.45(6) 1720-1730

Pitskheliani, N. Kochiashvili N., Kartvelishvili K.,.Makhaldiani L.,.Pargalava N.
Distribution of Factor V Leiden, Prothtombin G20210A and MTHFR C677T
mutations in Georgian Population, Abstacts from the 50-th Europian Society of
Human Genetics Conference

The Conference adopted Resolution XVIII on the Human Rights Aspects of
Family Planning, which stated in its operative patagraph 3 that: '[...] couples have
a basic human right to decide freely and responsibly on the number and spacing
of their children and a right to adequate education and information in this re-
spect.’ (Resolution XVIII: Human Rights Aspects of Family Planning, Final Act
of the International Conference on Human Rights. UN. Doc. A/CONF. 32/41,
p15)

The 1994 International Conference on Population and Development in Cairo
(ICPD) defined reproductive rights:'...reproductive rights embrace certain human
rights that are already recognized in national laws, international human rights
documents and other relevant United Nations consensus documents. These
rights rest on the recognition of the basic right of all couples and individuals to
decide freely and responsibly the number, spacing and timing of their childten
and to have the information and means to do so, and the right to attain the
highest standard of sexual and reproductive health.

Maya N. Mascarenhas  Seth R. Flaxman Ties Boerma, Sheryl
Vanderpoel,Gretchen A. Stevens. National, Regional, and Global Trends in
Infertility Prevalence Since 1990: A Systematic Analysis of 277 Health Surveys,
PLOS, Published: December 18, 2012 , https://doi.org/10.1371/
journal.pmed.1001356

Sarah Hodin,: The Burden of Infertility: Global Prevalence and women’s voices
from around the World, Maternal Health Task Force, 2017, 18 January

Maya  N.  Mascarenhas Seth  R.  Flaxman ,Ties = Boerma,  Sheryl
Vanderpoel,,Gretchen A. Stevens .National, Regional, and Global Trends in
Infertility Prevalence Since 1990: A Systematic Analysis of 277 Health Surveys.
Published: December 18, 2012; https://doi.org/10.1371/journal.pmed.1001356
In accotdance with the Law of Georgia on Health Care: ,,Every citizen of Geor-
gia has the right to independently determine the number of children and the time
of their birth” (Chapter XIII, Family Planning, Article 136).

Dumont A, Robin G, Catteau-Jonard S, et al. Role of anti-mullerian hormone in
pathophysiology, diagnosis and treatment of polycystic ovary syndrome: a re-
view. Reprod Biol Endocrinol. 2015;13:137.

Carp H. Recutrent pregnancy loss: causes, controversies and treatment, Tay-
lor&Francis Groupe, Boca Raton, 2015,438.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Unjumelashvili et al .

Badawy A, State O, ElGawad et al. Plasma homocysteine and polycystic ovary
syndrome: themissed link” European Journal of Obst. and Gyn. and Reprod.
Biol. 2007,131(1):68-72.

Qin JZ, Pang LH, Li M]J, Fan XJ, Huang RD and Chen HY. Obstetric complica-
tions in women with polycystic ovary syndrome: a systematic review and meta-
analysis. Reproductive Biology and Endocrinology. 2013; 11:56

Teede H, Misso M, Costello M, et al. International PCOS network recommenda-
tions from the international evidence-based guideline for the assessment and
management of polycystic ovary syndrome. Hum Reprod. 2018; 33:1602—-1618.
The Rotterdam ESHRE ASRM-sponsored PCOS Consensus, Workshop. Re-
vised 2003 consensus on diagnostic criteria and long-term health risks related to
polycystic ovary syndrome. Fertil Steril, 2004; 81, 19-25.

Guzelmeric K, Alkan N, Pirimoglu M, Unal O, Turan; Chronic inflammation
and elevated homocysteine levels are associated with increased body mass index
in women with polycystic ovary syndrome. C.Gynecol Endocrinol. 2007 Sep;23
(9):505-10. doi: 10.1080/09513590701554306.PMID: 17852421

Bar-On H, Kidron M, Friedlinder Y et al. Plasma total homocysteine levels in
subjects with hyperinsulinemia. ] Intern Med 2000; 247:287-294

De Pergola G, Pannaciulli N, Zamboni M et al. Homocysteine plasma levels are
independently associated with insulin resistance in normal weight, overweight
and obese pre-menopausal women. Diabetes Nutr Metab 2001; 14,253-258
RojeenRasheed Suleiman, DhiaMustafa Sulaiman. Studying levels of homocyste-
ine in diagnosed cases of polycystic ovary syndrome January 2018; Medical Jour-
nal of Babylon 15(4):291 DO1:10.4103/MJBL.MJBL_94_18

Selhub.J. “Homocysteine metabolism” . Annual Review of Nutrition, 1999,
19:217-246.

Champe, PC and Harvey, RA “Biochemistry. Lippincott’s Illustrates Reviews”
4th ed. Lippincott Williams and Wilkins, 2008

Maharjan P, Hong PD. The effects of plazma homocysteine in PCOS women: A
review. Open ] Obstet Gunecol 2018; 8:39

Pranita Mahatjan, Peng Dan Hong* Figure 1 Homocysteine metabolism. The
Effects of Plasma Homocysteine in PCOS Women: A Review; Department of
Obstetrics and Gynecology, Zhongda Hospital, Southeast University, Nanjing,
China; Open  Journal of  Obstetrics and  Gynecology > Vol.8
No.1,January2018;DOI: 10.4236/

0j0g.2018.81005 PDF HTML XML 820 Downloads 1,864 Views Citatio
ns

Yuming Meng Xiang Chen ,Zheng Peng Xuexiang Liu,Yifan Sun,Shengming
Dai ; Association between High Serum Homocysteine Levels and Biochemical
Characteristics in Women with Polycystic Ovarian Syndrome: A Systematic
Review and Meta-Analysis Published: June 9, 2016; https://doi.org/10.1371/
journal.pone.015738

NIH (National Institutes of Health)Public Access Author Manuscript Braz J
Med Biol Res. Author manuscript; available in PMC 2011 April 18. Published in
final edited form as: Braz ] Med Biol Res. 2010 January ; 43(1): 1-7.

Hui Changl,2,f, Liangzhen Xiel,f, Hang Ge2, Qi Wu3,Yan Wen2, Duojia
Zhang1, Yuehui Zhangl, Hongli Mal, Jingshu Gaol, Chi Chiu Wang3, Elisabet
Stener-Victorin4, Ernest HY Ng5, Xiaoke Wul,*; Effects of hyperhomocys-
teinaemia and metabolic syndrome on reproduction in women with polycystic
ovary syndrome: a secondary analysis; RBMO VOLUME 38 ISSUE 6 2019;
Pranita Mahatjan, Peng Dan Hong* The Effects of Plasma Homocysteine in
PCOS Women: A Review; Department of Obstetrics and Gynecology, Zhongda
Hospital, Southeast University, Nanjing, China; Open Journal of Obstetrics and
Gynecology > Vol.8 No.1, January2018;DOI: 10.4236/
0j0g.2018.81005 PDF HTML XML 820 Downloads 1,864 Views Citatio
ns

Rekha, S., Patel, M., Pooja, G., Amita, D., Pushplata, S. and Natu, S. Correlation
between Elevated Homocysteine Levels and Insulin Resistance in Infertile
Women with or without Polycystic Ovary Syndrome in North Indian Popula-
tion. International Journal of Medicine and Medical Sciences, 5, 116-123; 2013.
Esmacilzadeh, S., Tahmasbpour, E. and Gholinezhad-Chari, M. Hyperhomocys-
teinemia, Insulin Resistance and Body Mass Index in Iranian Young Women
with Polycystic Ovary Syndrome. Middle East Fertility Society Journal, 22, 149-
155; 2017
https://doi.org/10.1016/j.mefs.2017.01.007

Jacobsen, D. Unexpected Inverse Relationship between Insulin Resistance and
Serum Homocysteine in Healthy Subjects. Physiological Research, 51, 93-98;
2002

Al-Gareeb, AL, Al-Amieer, W.S.A., Alkuraishy, H.M. and Al-Mayahi, T.J. Effect
of Body Weight on Serum Homocysteine Level in Patients with Polycystic Ovar-
ian Syndrome: A Case Control Study. International Journal of Reproductive
BioMedicine, 14, 81-88; 2016

Lin, Y.H., Huang, S.Y., Hsu, M.I,, Chang, Y.C., Cheng, C.Y., Hsu, C.S., et al.
Hyperhomocysteinaemia Is Associated with Biochemical Hyperandrogenaemia
in Women with Reproductive Age. European Journal of Obstetrics, Gynecology,
and Reproductive Biology, 171, 314-318; 2013
https://doi.org/10.1016/j.ejogrb.2013.09.041

Moti, M., Amini, L., Ardakani, S.S.M., Kamalzadeh, S. and Masoomikarimi, M.
Oxidative Stress and Anti-Oxidant Defense System in Iranian Women with
Polycystic Ovary Syndrome. Iranian Journal of Reproductive Medicine, 13, 373-
378; 2015

15


https://dx.doi.org/10.1186%2Fs12986-017-0233-z

16

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

50.

57.

58.

59.

60.

61.

62.

63.

64.

65.

60.

67.

68.

69.

TCM&GM] Vol. 7 Issue 3 2022

Rajagopal, G., Reddy, A.P., Venkata Harinarayan, C., Suresh, V., Bitla, A., Pvlnr,
S., et al. (2012) Effect of Lifestyle Modification and Metformin Therapy on
Emerging Cardiovascular Risk Factors in Overweight Indian Women with Poly-
cystic Ovary Syndrome. Metabolic Syndrome and Related Disotrders, 10, 273-
279.

Caglar, G.S., Oztas, E., Karadag, D., Pabuccu, R. and Demirtas, S. (2011) Ische-
mia-Modified Albumin and Cardiovascular Risk Matkers in Polycystic Ovary
Syndrome with or without Insulin Resistance. Fertility and Sterility, 95, 310-313.
https://doi.org/10.1016/].fertnstert.2010.06.092

Topcu, S., Caliskan, M., Ozcimen, E.E., Tok, D., Uckuyu, A., Erdogan, D., et al.
(2006) Do Young Women with Polycystic Ovary Syndrome Show Early Evi-
dence of Preclinical Coronary Artery Disease? Human Reproduction, 21, 930-
935.

https://doi.org/10.1093/humtep/dei431

Altug Sen, T., Koken, R., Narci, A. and Yilmazer, M. (2011) Homocysteine and
Ghrelin Link with Polcystic Ovary Syndrome in Relation to Obesity. Journal of
Pediatric and Adolescent Gynecology, 24, 211-217.
https://doi.org/10.1016/j.jpag.2011.02.007

Maleedhu P. Status of Homocysteine in Polycystic Ovary Syndrome (PCOS)
Journal of Clinical and Diagnostic Research. 2014 Feb, Vol-8(2):31-33

Palomba S., Falbo A., Giallauria F., Russo T., Tolino A., Zullo F., Colao A.,
Orio F. Effects of metformin with or without supplementation with folate on
homocysteine levels and vascular endothelium of women with polycystic ovary
syndrome. Diabetes Care. 2010

S. Brustolinl, R. Giuglianil,2, and T. M. Félix1 1; Genetics of homocysteine
metabolism and associated disorders; Braz ] Med Biol Res. 2010 Jan; 43(1): 1—
7.Published online 2009 Dec4. doi: 10.1590/50100-879x2009007500021

Michels K.A.Wactawski-Wende J.Mills J.L.Schliep K.C.Gaskins A.J.Yeung
E.H.Kim K.Plowden T.C.Sjaarda L.A.Chaljub E.N.Mumford S.L.Folate, homo-
cysteine and the ovarian cycle among healthy regularly menstruating wom-
en.Hum. Reprod. 2017; : 1-8

Blank S et al. Polycystic ovary syndrome in adolescence Ann NY Acad Sci. 2008;
1125:76-84

Diamanti-Kandarakis E. Polycystic ovatian syndrome: pathophysiology, molecu-
lar aspects and clinical implications. Expert Rev Mol Med. 2008; 10.

Dumont A, Robin G, Catteau-Jonard S, et al. Role of anti-mulletian hormone in
pathophysiology, diagnosis and treatment of polycystic ovaty syndrome: a re-
view. Reprod Biol Endocrinol. 2015;13:137

Pellatt I, Hanna L, Brincat M, Galea R, Brain H, Whitehead S,Mason H. Granu-
losa cell production of anti-Miillerian hormone is increased in polycystic ovaries.
J Clin Endocrinol Metab, 2007; 92 (1), 240-245.

Qin JZ, Pang LH, Li MJ, Fan XJ, Huang RD and Chen HY. Obstetric complica-
tions in women with polycystic ovary syndrome: a systematic review and meta-
analysis. Reproductive Biology and Endocrinology. 2013; 11:56

Azziz R, Adashi EY. Stein and Leventhal: 80 years on. Am | Obstet Gynecol.
2016 Feb; 214(2):247.¢1-247.¢11.

8. Azziz R, Carmina E, Dewailly D, et al.; Androgen Excess Society. Positions
statement: criteria for de ning polycystic ovary syndrome as a predominantly
hyperandrogenic syndrome: an Androgen Excess Society guideline. ] Clin Endo-
crinol Metab 20006; 91 (11):4237-45

Teede H, Misso M, Costello M, et al. International PCOS netwotk recommenda-
tions from the international evidence-based guideline for the assessment and
management of polycystic ovary syndrome. Hum Reprod. 2018; 33:1602-1618.
The Rotterdam ESHRE ASRM-sponsored PCOS Consensus, Workshop. Re-
vised 2003 consensus on diagnostic criteria and long-term health risks related to
polycystic ovary syndrome. Fertil Steril, 2004; 81, 19-25.

Blank S et al. Polycystic ovaty syndrome in adolescence Ann NY Acad Sci. 2008;
1125:76-84

Carmina E, Oberfield SE, Lobo RA. The diagnosis of polycystic ovary syndrome
in adolescents. Am J Obstet Gynecol.2010; 203:201.e1-e5.

Rosenfield R. Clinical review: adolescent anovulation: maturational mechanisms
and implications. ] Clin Endocrinol Metab. 2013; 98: 3572—-3583.

Janelidze M., Kristesashvili J. , Kochiashvili N., Pirtskhelani N ., Manjgaladze E.,
Kartvelishvili K., Khvichia M., Jashiashvili M. INHERITED THROMBO-
PHILIAS IN GEORGIAN WOMEN WITH UNEXPLAINED RECUR-
RENT PREGNANCY LOSS

Osman O.M. et al. Inherited thrombophilia and early RPL among Egyptian
women. Open ] Ob&Gyn. 2015, 5, 251-58

3 —D’Uva M. et al. Etiology of hypercoagulation state in women with RFL. . .
Biologies 2008, 2, 897-902

Sultan C, Paris F. Clinical expression of polycystic ovary in adolescent gitls.
Fertil Steril. 2006; 86:S6.

Teede H, Misso M, Costello M, et al. International PCOS netwotk recommenda-
tions from the international evidence-based guideline for the assessment and
management of polycystic ovary syndrome. Hum Reprod. 2018; 33:1602-1618
Crammasa  H.  Audbdepennmaspmas AHATHOCTHKA — CHHAPOMA
AeBeHTaAs 1 HAHOIATHYECKHX (hopM rupcyTusma. ABpopedepar 1973; 3-4
CaseaveBa I'. M., Bpeycenko B . I' . Bupuabnbie cumapomsr.  I'maekosorns
2004 ; 57-58

Jun Z Qin, Li H Pang. Mu J Li, Xiao J Fan, Ru D Huang, Hond Y Chen. Pbstet-
ric complications in women with polycystic ovary syndrome: a systematic reciew

Irefina-

70.

71.

Urjumelashvili et al .

and meta-analysys. Reproductive Biology and Endocinology 2013, 11: 56
Lucinda E Kjeruff, Luis Sanchez-Ramos, Daniel Duffy. Pregnancy outcomes in
women with polycystic ovary syndrome: a metaanalysys. Am J Obstet Gynecol
2011 Jun;204(6):558.e1-6 doi: 10.1016/j.aj0g.2011.03.021

Régine P Steegers-Theunissen 1, Carola A Van lersel, Petronella G
Peer, Willianne L. Nelen, Eric A Steegers. Hyperhomocysteinemia, pregnancy
complications, and the timing of investigation Obstet Gynecol 2004 Aug;104
(2):336-43. DOI: 10.1097/01.A0G.0000129955.47943.2a



