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Rosa Wartena* and Mushi Matjila

Department of Gynecology and Obstetrics, Groote Schuur Hospital, Cape Town, South Africa
Objective: PCOS is a syndrome of ovarian dysfunction associated with recurrent

pregnancy loss. Several correlating factors have been investigated that influence

the risk of pregnancy loss in PCOS. However, uncertainty remains about their

contribution to pregnancy loss and prognosis. This review of literature aims to

identify what is known and what requires further investigation on the relationship

between PCOS and recurrent pregnancy loss, to guide future research and

optimize medical guidance throughout pregnancy.

Study design: a review of literature was performed on several search engines

using the following terms; polycystic ovarian syndrome, PCOS, recurrent

pregnancy loss, recurrent miscarriage, RPL, aborted fetus, abortus provocatus,

miscarriage and habitual abortion.

Results: 37 articles were included; 3 systematic reviews, 1 meta-analysis, 2

randomized controlled trials, 6 prospective cohort studies, 22 case-control

studies and 3 case series. The main objectives investigated by studies were

pregnancy complications, pregnancy loss and live birth in the PCOS population.

Conclusion: Studies that investigated the relationship between PCOS and

recurrent pregnancy loss are few and inconsistent and warrant further

research. Factors apt for further investigation include the extent to which

PCOS phenotypes, BMI, obesity, insulin resistance, hyperandrogenemia, SHBG,

hs-CRP, CTRP6, adiponectin, plasma leptin, homocysteine, AMH and

thrombophilia contribute to further risk of miscarriage. Other factors requiring

further exploration in relation to risk for miscarriage in PCOS patient with RPL

include sOB-R, PAI-Fx and the Factor-V-Leiden mutations.

KEYWORDS

polycystic ovary syndrome, recurrent pregnancy loss, RPL, pcos, recurrent
miscarriage, metformin
Abbreviations: AnOvu, oligo/anovulation; ANXA5, annexin 5; AO, oligo/anovulation; APCR, activated

protein C resistance; CTRP6, C1q/TNF- a-related protein 6; DHEAS, dehydroepiandrosterone sulfate;

GHTN, gestational hypertension; HA, hyperandrogenism; HHcy, hyperhomocysteinemia; Metrnl, meteorin-

like protein; MTHFR, methylenetetrahydrofolate reductase; PAI-Fx, plasminogen activator inhibitor activity;

PAI-I, plasminogen activator inhibitor activity; PCO, polycystic ovary morphology on imaging; PCOM,

polycystic ovary morphology on imaging; PP14, placental protein 14; SHBG, sex-hormone binding globulin;

sOB-R, soluble leptin receptor.
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1 Introduction

Polycystic ovary syndrome (PCOS) is a syndrome of ovarian

dysfunction and is currently diagnosed by the Rotterdam criteria.

These criteria include 1. Oligo- or anovulation, 2. Clinical and/or

biochemical signs of hyperandrogenism, 3. Polycystic ovaries on

imaging (after exclusion of other etiologies). PCOS is diagnosed if

two or more of these criteria are present (1). Clinical manifestations

include signs of androgen excess such as hirsutism, acne or alopecia,

menstrual irregularities, and obesity. Moreover, PCOS is associated

with an increased risk of type 2 diabetes mellitus. Another clinical

manifestation of PCOS is anovulatory infertility and thus women

with PCOS may require assisted reproductive techniques (ART) to

achieve pregnancy. Pregnancies in women with PCOS have been

associated with more frequent pregnancy complications including

recurrent pregnancy loss (2). An increased risk of Gestational

Diabetes Mellitus (GDM), preeclampsia (PE), Pregnancy Induced

Hypertension (PIH), preterm delivery, caesarean delivery,

miscarriage, neonatal hypoglycemia, and perinatal death has been

reported in the PCOS population (3). For women with PCOS it is

critical to identify potential risk factors for miscarriage to

potentially mitigate against further pregnancy loss. Results from

studies performed on the relationship between PCOS and recurrent

pregnancy loss are limited and often inconsistent. This review of

literature intends to present an overview of known factors

correlating PCOS and recurrent pregnancy loss, and further aims

to identify biomarkers associated with this correlation to improve

current pathophysiological understanding and potentially explore

novel therapeutic interventions for PCOS associated pregnancy loss.
2 Methods

A search was performed on host search engines Pubmed, the

Cochrane Library, ScienceDirect, Scopus and EBSCO using the

following search terms; polycystic ovary syndrome, polycystic

ovarian syndrome, PCOS, recurrent pregnancy loss, recurrent

miscarriage, RPL, aborted fetus, abortus provocatus, miscarriage and

habitual abortion. Filters used for study type: ‘Clinical Study’, ‘Clinical

Trial’, ‘Clinical Trial Phase III’, ‘Clinical Trial Phase IV’, ‘Controlled

Clinical Trial’, ‘Meta-Analysis’, ‘Multicenter Study’, ‘Randomized

Controlled Trial’, ‘Systematic Review’, ‘Review articles’ and ‘Research

Articles’. Filters used for Language: ‘Afrikaans’, ‘Dutch’, ‘English’.

Filters used for Species: ‘Humans’. Articles published between 2000

and 2021 were included. Evaluation of articles was performed following

the PRISMA-principle.
3 Results

A total of 279 articles were found. Eligibility was established

based upon title and abstract. Fifty (50) articles were selected with

consideration of the inclusion and exclusion criteria (Table 1). After

reading the complete articles, 27 articles were included for analysis.

Additionally, by screening references, another 10 articles were
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retrieved. A total of 37 articles were included (Supplementary

Material) and analyzed following the PRISMA principle

(Figure 1). The complete search is available as supplement.

Three systematic reviews, one meta-analysis, two randomized

controlled trials, six prospective cohort studies, twenty-two case-

control studies and three case series were included. Main objectives

of the included studies were miscarriage rate and pregnancy

complications which included gestational diabetes, pregnancy-

induced hypertension, preeclampsia and coagulation disorders in

the PCOS population. Additionally, studies that investigated live

birth as an outcome mainly studied it in relation to metformin use

in the PCOS population. Only two amongst these studies identified

a PCOS-RPL population, highlighting an express need for the

investigation of PCOS-associated RPL.
3.1 PCOS and pregnancy

3.1.1 The role of BMI
A case-control study investigated endothelial dysfunction in

non-pregnant PCOS women without identification of RPL (4)

(Table 2). Levels of sex-hormone binding globulin (SHBG) were

significantly lower and serum LH, testosterone, androstenedione

levels, and LH to FSH ratio were significantly higher in the PCOS

group when compared to non-PCOS controls. SHBG is a regulator

of plasma levels and activity of sex hormones, and low SHBG levels

generally correlate with high levels of bioavailable androgens (10).

CRP levels were significantly increased in PCOS women. Even

though CRP levels normally correlate with increased BMI, in this

study, PCOS patients with normal BMI still demonstrated increased

CRP levels. Other findings investigated across BMI categories were

insulin resistance (IR) and hyperinsulinemia, which were reported

in both lean and obese PCOS patients. A RCT investigating the

effect of metformin on miscarriage and livebirths in obese and non-

obese PCOS women with infertility found that obese women with

PCOS were more insulin resistant, hyperinsulinaemic, hirsute and

more hyperandrogenaemic than non-obese women (7).

3.1.2 PCOS phenotypes
A meta-analysis was performed on pregnancy outcomes in

patients with different PCOS phenotypes as these phenotypes
TABLE 1 in- and exclusion criteria.

Inclusion criteria Exclusion criteria

Women with PCOS
Women without PCOS

Women without RPL

(Recurrent) miscarriage or early
recurrent pregnancy los

Focus of study does not match
research question

Human subjects Animal studies

Women of reproductive age In vitro studies

English language Cost-effectiveness studies

Ovulation induction as study
objective
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could represent different pathophysiological entities (Table 3) (12).

The highest serum androgen levels were found in PCOS women

with polycystic ovary morphology + hyperandrogenism + oligo-

anovulation. (i.e. the (PCO+HA+AO) phenotype).

3.1.3 Proteins and PCOS entities
Plasma leptin and soluble leptin receptor (sOB-R) levels have

been studied in PCOS patients in the context of RPL. A total of 324

PCOS patients were studied, which consisted of a 199 PCOS-

infertile cohort and a 125 PCOS-RPL cohort. In addition, 144

healthy non-PCOS controls were included as comparator (5). In the

PCOS group (with infertility and RPL), plasma leptin was

significantly higher and sOB-R much lower in comparison to

non-PCOS controls. A logistic regression analysis showed that

raised leptin levels elevate the risk of PCOS and also the

likelihood of RPL in PCOS women. The analysis additionally

indicated that the level of free testosterone was associated with an

increased risk of PCOS, PCOS-related infertility and RPL.

Genotypic f requencies of lept in and lept in-receptor

polymorphisms were also performed. No significant associations

were observed between the genotypes of leptin (LEP (rs7799039))

and the leptin-receptor (LEP (rs1137101)) and clinical

characteristics in PCOS-infertile and PCOS-RPL groups.

Another investigated protein was C1q/TNF- a-related protein 6

(CTRP6). CTRP6 is a newly identified adiponectin paralog. CTRP6
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is expressed in multiple tissues including adipose tissue, heart,

placenta and brain. It is proposed to be a regulator of multiple

metabolic effects – mainly the regulation of complement activation

(13). Moreover, higher levels of CTRP6 are associated with insulin

resistance (14, 15). CTRP6 is moderately expressed in the ovarian

follicle. The expression level of CTRP6 in follicular fluid gradually

decreases along with the growth of the antral follicle. The

concentration of CTRP6 in follicular fluid varies not only with

the size of the follicle but CTRP6 expression is also stimulated by

FSH, suggesting that it may be involved in FSH-modulated

follicular development. Lastly, CTRP6 exists in the oocyte during

follicular development, and may be associated with meiotic

maturation of the oocyte and early embryonal development (16).

Circulating serum levels of CTRP6 and adiponectin were studied in

relation to inflammatory markers, sex hormones and metabolic

variables in a PCOS-RPL group (n=60), a PCOS-infertile group

(n=60) and a non-PCOS control group (n=60) (8). Triglyceride

levels were significantly higher in the PCOS-RPL group. In both

PCOS groups, levels of serum adiponectin were significantly lower

and those of CTRP6 and hs-CRP were significantly higher in

comparison to the control group. Serum CTRP6 levels were

positively associated with fasting blood glucose, triglyceride levels

and hs-CRP in the PCOS group and were strongly associated with

BMI in all groups. Serum levels of CTRP6 were negatively

associated with adiponectin in the PCOS group. These findings
FIGURE 1

PRISMA flow diagram.
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indicate a potential role for CTRP6 in the pathogenesis of PCOS but

its importance for PCOS-RPL specifically remains unexplained.

3.1.4 Metformin
Metformin had an effect of decreasing fasting glucose levels, fasting

insulin and serum total testosterone levels in the PCOS population. The

effect on testosterone was stronger in the non-obese subgroup who

received metformin when compared to those who had placebo (9). In

this study, metformin had no effect on BMI, SHBG or serum lipids

(cholesterol or triglyceride levels) when compared to placebo.
3.2 Pregnancy Loss in PCOS and
PCOS associated RPL

3.2.1 The role of BMI and hyperandrogenism
Being overweight is a risk factor for miscarriage (11, 17). One

study reported that high BMI and insulin resistance were associated
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with an increased risk of spontaneous abortion (SAB) in PCOS-RPL

patients (18) (Table 4). This study showed higher HOMA-IR and

BMI in the PCOS-RPL population when compared to the PCOS

population who had successful pregnancies.

Two systematic reviews observed a higher relative risk in

miscarriage rate in PCOS women with hyperandrogenism. The

first systematic review observed an increased miscarriage rate in the

PCOS population independent of obesity, but the prevalence of

miscarriage was similar in women with and without PCOS with

BMI >30kg m2 – highlighting the importance of obesity over PCOS

(11). The BMI of participants included in the other systematic

review was comparable among all patients and also showed a higher

miscarriage rate among PCOS patients with hyperandrogenism

(12). Furthermore, the highest incidence of metabolic syndrome

was observed in patients with the PCO + HA + AO phenotype. One

prospective cohort study reported increased risk of spontaneous

miscarriage in relation to high estradiol concentrations at the time

of ovarian stimulation during Assisted Reproductive Technology

(ART) (17). Another study observed higher circulating

androstenedione and testosterone levels in RPL populations (with

and without PCOS) and a negative correlation between serum

androgen concentrations and those of uterine placental protein 14

(PP14). The PP14 levels were obtained through uterine flushings

and endometrial biopsies (19). PP14 is also known as Glycodelin-A

and has multiple functions in reproduction. PP14-levels peak

during the first few weeks of gestation and contribute to

immunosuppression, fertilization and implantation. A lower

production of PP14 is associated with abnormal development of

the endometrium and may affect implantation (30).

3.2.2 PCO morphology
Prospective pregnancy outcomes in RPL+PCO women were

compared to RPL women (20). The PCO population was identified

as polycystic ovaries on imaging, without fulfilling the other

Rotterdam criteria for the diagnosis of PCOS. The prevalence of

PCO in 2199 women with RPL, was 40,7%. A total of 486

pregnancies with PCO phenotype were prospectively studied and
TABLE 2 PCOS and pregnancy.

Main outcome Reference

SHBG Significantly lower in PCOS group Tarkun et al.
(4)

LH, testosterone,
androstenedione,
LH to FSH ratio

Significantly higher in PCOS group
Level of free testosterone associated with
an increased risk of PCOS, PCOS-related
infertility and RPL

Tarkun et al.
(4)
Kargasheh
et al. (5)

CRP Significantly increased in PCOS even
with normal BMI

Tarkun et al.
(4), Fouani
et al. (6)

BMI IR and hyperinsulinemia in both lean
and obese PCOS patients
Obese women with PCOS more insulin
resistant, hyperinsulinaemic, hirsute and
more hyperandrogenaemic than non-
obese women
Serum CTRP6 strongly associated with
BMI

Morin-
Papunen et al.
(7)
Morin-
Papunen et al.
(7)
Sadeghi et al.
(8)

PCOS phenotypes Highest serum androgen levels: PCO +
HA + AO phenotype

Ma et al.
(2021)

Plasma leptin &
sOB-R

Plasma leptin significantly higher and
sOB-R lower in PCOS with infertility and
RPL compared to non-PCOS controls
Leptin levels elevate the risk of PCOS
and the likelihood of RPL in PCOS

Kargasheh
et al. (5)
Kargasheh
et al. (5)

CTRP6 Positively associated with fasting blood
glucose, triglyceride levels and hs-CRP
Negatively associated with adiponectin

Sadeghi et al.
(8)
Sadeghi et al.
(8)

Metformin Decreases fasting glucose levels, fasting
insulin and serum total testosterone
levels
No effect on BMI, SHBG or serum lipids

Morley et al.
(9)
Morley et al.
(9)
SHBG, Sex Hormone Binding Globulin.
IR, Insulin Resistance.
CTRP6, C1q/TNF- a-related protein 6.
PCO, polycystic ovarian morphology.
HA, hyperandrogenism.
AO, oligo-anovulation.
sOB-R, soluble leptin receptor.
TABLE 3 definitions of PCOS phenotypes.

Study Phenotypes

Ma et. al (2021) Hyperandrogenism
- PCO + AO + HA
- PCO + HA
- AO + HA

Normal androgen levels
- PCO + AO

Khomami et. al. (2019) (11) Ovulatory
- HA + PCOM

Anovulatory
- AnOvu + HA
- AnOvu + PCOM
- AnOvu + HA + PCOM

Hyperandrogenic
- HA + PCOM
- AnOvu + HA
- AnOvu + HA + PCOM

Non-hyperandrogenic
- AnOvu + PCOM
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showed that PCO morphology was not predictive of an increased

risk of pregnancy loss.

3.2.3 Meteorin-like protein
The adipokine Meteorin-like protein (Metrnl) was studied in the

context of PCOS and RPL along with components of metabolic

syndrome and cardiovascular biomarkers. It is involved in energy

homeostasis and tissue inflammation and is suggested to increase

insulin sensitivity (31–33). The study was performed in 180 women

divided in three groups: PCOS-RPL (n=60), PCOS-infertile (n=60) and
Frontiers in Endocrinology 05
healthy controls (n=60) (6). In line with Sadeghi et. al., serum levels of hs-

CRP were significantly higher in the PCOS-groups when compared to

the control group and serum adiponectin and Metrnl levels were

significantly lower. The Metrnl levels showed an inverse correlation

with markers of glucose homeostasis and inflammation in patients

diagnosed with PCOS and RPL, and a significant reduction in Metrnl

levels was found in overweight/obese individuals in both PCOS groups

when compared to healthy controls. The lowest levels of Metrnl were

found in infertile obese PCOS patients. An independent association

between serum levels ofMetrnl and the diagnosis of PCOSwas observed.
TABLE 4 Pregnancy Loss in PCOS and PCOS associated RPL.

Main outcome Reference

BMI

High BMI and IR associated with increased risk of SAB in PCOS-RPL Asanidze et al. (18)

Prevalence of miscarriage similar in women with and without PCOS with BMI >30kg/m2 Khomami et al. (11)

Significant reduction in Metrnl in overweight/obese individuals Fouani et al. (6)

Hyperandrogenism Higher relative risk in miscarriage rate in PCOS with hyperandrogenism Khomami et al. (11), Ma et al. (12)

Androstenedione
and testosterone
levels

Higher levels in RPL populations (with and without PCOS). Negative correlation between serum androgen
concentrations and PP14

Okon et al. (19)

PCO morphology PCO morphology without other Rotterdam Criteria was not predictive of an increased risk of pregnancy loss Rai et al. (20)

Metrnl Inverse correlation with markers of glucose homeostasis and inflammation in PCOS-RPL Fouani et al. (6)

Thrombophilia

More thrombophilic disorders in PCOS-RPL (70,7%) vs non-PCOS RPL (47.8%) Moini et al. (21)

PAI-Fx independent variable for the number of miscarriages and worst pregnancy outcomes in PCOS.
Correlation between the level of PAI-Fx and the rate of miscarriages

Glueck et al. (22)

Higher levels of homocysteine in PCOS-RPL when compared to non-RPL PCOS
Asanidze et al. (18), Kazerooni
et al. (23), Sadeghi et al. (8),
Fouani et al. (6)

Comparable levels of homocysteine between PCOS RPL and non-PCOS RPL Moini et al. (21), Idali et al. (24)

Higher prevalence of HHcy in PCOS-RPL vs non-PCOS RPL Chakraborty et al. (25)

HHcy negatively associated with pregnancy salvage Chakraborty et al. (25)

Insulin Resistance
and Metformin

Higher fasting blood glucose, fasting insulin and lower insulin sensitivity in PCOS-RPL vs. PCOS without
RPL

Kazerooni et al. (23)

Metformin decreased EPL (49.4% to 12%) in PCOS-RPL who conceived on and continued metformin vs.
those who did not conceive on or discontinued metformin. Metformin reduces the risk of EPL from 53.8% to
11.1% in PCOS-RPL

Nawaz et al. (26), Jakubowicz et al.
(27)

Miscarriage rate decreased after metformin therapy in non-PCOS RPL as well as PCOS-RPL population
when compared to placebo.

Zolghardi et al. (2008)

In contrast, a RCT found no difference in early miscarriage rate between women who received metformin or
placebo in a PCOS cohort without identification of RPL-subgroups

Morin-Papunen et al. (7)

Two studies were inconclusive on the effect of metformin Lovvik et al. (28), Morley et al. (9)

AMH

Higher AMH-levels in PCOS populations with miscarriages compared to PCOS with successful pregnancies.
Chance of miscarriage increased by 90,8% for every 1ng/mL increase in AMH level when AMH ≥6,1 ng/mL.

Szafarowska et al. 29)

No significant differences in serum AMH levels between PCOS with RPL and successful pregnancies Asanidze et al. (18)
SAB, spontaneous abortion.
Metrnl, Meteorin-like protein.
PP14, placental protein 14.
PAI-Fx, Plasminogen Activator Inhibitor activity.
HHcy, hyperhomocysteinemia.
EPL, early pregnancy loss.
AMH, Anti-Mullerian Hormone.
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3.2.4 Thrombophilia
Thrombophilic disorders were more frequently associated with

PCOS than non-PCOS patients in a RPL population; a case-control

study found that 70,7% of the PCOS-RPL versus 47.8% of the non-

PCOS RPL population had associated thrombophilic disorders (21).

Protein-C deficiency was significantly higher in the PCOS-RPL

population when compared to the non-PCOS RPL population

(21.7% and 10.9% respectively) and a non-significant trend toward

a higher protein-S deficiency was additionally found. Three studies

reported comparable Factor-V-Leiden mutation levels between

PCOS and non-PCOS RPL groups (21, 34, 35) whereas one study

found a higher prevalence of the mutation in the PCOS-RPL group

(23). Glueck and colleagues performed multiple studies on

coagulation and pregnancy loss (34–36). They identified high levels

of Plasminogen Activator Inhibitor activity (PAI-Fx or PAI-I) as the

major determinant of hypofibrinolysis, which is an important risk

factor for miscarriage. PAI-Fx was an independent variable for the

number of miscarriages and the worst pregnancy outcomes in PCOS

patients. Moreover, PAI-I activity during the first trimester did not

change or rose in PCOS women who had ≥1 previous SAB and/or

their pregnancy ended in a first-trimester miscarriage whereas PAI-I

activity lowered in the PCOS women with previous live births who

had a successful pregnancy (22). The association between

hypofibrinolysis and RPL in women with PCOS was subsequently

confirmed by Kazerooni et al. and other workers (23). Glueck and

colleagues concluded that first trimester miscarriages were not only

associated with a higher mean PAI-Fx in PCOS women, but a

correlation between the level of PAI-Fx and the rate of miscarriages

was proposed. Moreover, multiple independent determinants of PAI-

Fx activity were identified, including BMI, serum insulin levels and

triglyceride levels (22).

Successful pregnancies are associated with lower levels of serum

homocysteine and generally higher levels are associated with

adverse pregnancy outcomes in a non-selected population (37).

Four studies observed higher levels of homocysteine in the PCOS-

RPL populations when compared to non-RPL PCOS populations

[12,4 ± 1,6 vs. 7,3 ± 1,1 mmol L-1 (p<0,05) and 11,5 ± 2,24 vs. 7,55 ±

2,45 mmol L-1 (p<0,001)] (18, 23) and fertile controls [no exact data

available and 13,29 ± 7,64 vs. 10,70 ± 3,69 mmol L-1 (p<0,05)] (6, 8).

Furthermore, two studies reported comparable levels of

homocysteine between PCOS and non-PCOS patients with RPL

(21) (24).

A higher prevalence of hyperhomocysteinemia (HHcy) and

insulin resistance was found in PCOS-RPL populations when

compared to non-PCOS RPL populations (38). After controlling

for IR, the correlation between the rate of miscarriage and HHcy

became even greater. A prospective observational study, conducted

partly by the same investigators, aimed to identify specific

subgroups of RPL likely to benefit from the use of aspirin or a

combination of aspirin and low molecular weight heparin (aspirin-

LMWH) with the aim of improving pregnancy salvage (25). Aspirin

was administered at a dose of 5MG/day and low molecular weight

heparin at a dose of 2500 IU/day. The women in the cohort received

aspirin for one conception cycle and if this conception cycle was

unsuccessful, they received a combination of aspirin-LMWH for the
Frontiers in Endocrinology 06
second conception cycle. The total cohort consisted of 336 RPL

patients (147 PCOS and 189 non-PCOS). The overall rate of

pregnancy salvage in the total cohort was significantly lower in

the PCOS population (32,65%) than in the non-PCOS population

(51,32%). HHcy was negatively associated with pregnancy salvage.

The selected cohort to receive Aspirin-LMWH consisted of 51,33%

PCOS women. A trend towards higher pregnancy salvage rate was

found in PCOS women treated with Aspirin-LMWH compared to

non-PCOS women. However, the data show that aspirin-LMWH

significantly increased pregnancy salvage rate in the RPL-HHcy

phenotype that did not benefit from aspirin alone, irrespective of

the presence or absence of PCOS, obesity or IR.

In a prospective cohort study, 19 PCOS women were compared

before and after treatment with metformin-enoxaparin in terms of

fetal loss rate. These women had 40 pregnancies without treatment

and when they fell pregnant for a second time, they had 24

pregnancies with metformin-enoxaparin treatment (39). The fetal

loss rate was 4.4-fold lower in the metformin-enoxaparin

pregnancies. However, the sample size was small and no sub-

analysis was performed on the number of previous miscarriages.

3.2.5 Genotypic polymorphisms
The contribution of the M2 haplotype of the Annexin 5 gene

(ANXA5) has been studied in PCOS related recurrent pregnancy

loss (40). ANXA5 is involved in the prevention of coagulation at the

maternal-fetal interface. Carriers of the M2 haplotype have

decreased expression of ANXA5 in the placenta and peripheral

blood, and manifest with RPL (41). A progressive correlation of M2

carriage with the number of miscarriages in the PCOS-RPL groups

has been reported but there were no specific PCOS phenotypic

characteristics that distinguished those with PCOS (without RPL)

from patients with PCOS-associated RPL.

Frequencies of the methylenetetrahydrofolate reductase

(MTHFR) A1298C polymorphism were significantly higher in the

PCOS-RPL and PCO-RPL populations compared to healthy non-

RPL controls (24). No significant differences in Activated Protein C

Resistance (APCR), Protein C or Protein S deficiencies were found

between RPL, RPL-PCOS and RPL-PCO populations. In line with

Idali et. al., Szafarowska et al. found an increased miscarriage rate in

non-PCOS RPL women with the A1298C polymorphism of the

MTHFR gene (42).

Significant differences were observed in the IL-6-174G/C GG

genotype frequency between PCOS-RPL and the control group

(non-RPL non-PCOS population) (43). Significantly more GG-

carriers were observed in the control group (65,2%) when

compared to the PCOS-RPL group (60,0%).

3.2.6 Insulin resistance and metformin
A prospective cohort study observed significantly higher levels

of serum testosterone, dehydroepiandrosterone sulfate (DHEAS),

fasting blood glucose, fasting insulin and lower insulin sensitivity in

the PCOS-RPL population compared to the PCOS population

without RPL (23).

Metformin is a relatively well-studied intervention in the

context of PCOS and pregnancy loss (Table 5). Metformin
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TABLE 5 timing and dose of metformin in relation to miscarriage rate.

Timing of metformin Dose Miscarriage rate Time of miscarriage

Løvvik et al.
(2019)

From discovery of pregnancy until delivery

1000MG twice daily

Metformin group: 1%

Late miscarriage: between
weeks 13 to 36 + 6 days

- - Group 1: metformin (n = 244) Placebo group: 2%

- - Group 2: placebo (n = 243)
p 0.72 (OR 0.60, 95%
CI 0.09, 3.13)

Morin-Pupunen
et al. (2012)

Conceived on metformin, in case of pregnancy, continued
up to the 12th week of gestation

Obese women: 2000MG
daily

Metformin group:
15.2%

Early pregnancy loss: first
trimester- Group 1: metformin (n=160)

Non-obese women: 1500
MG daily

Placebo group: 17.8%

- Group 2: placebo (n=160) p 0,70

Zolghadri et al.
(2007)

Conceived on metformin, continued throughout
pregnancy.

1500MG daily

Group 1: 25%

Early pregnancy loss: first
trimester

- Group 1: PCOS + metformin Group 2: 66%

- Group 2: PCOS + placebo (p=0,42)

- Group 3: non-PCOS + metformin Group 3: 15%

- Group 4: non-PCOS + placebo Group 4: 55%

(OR 2.4, 95% CI 0.35-
4.4, p=0,02)

Khattab et al.
(2009)

Metformin chronic therapy until conception

1000-2000MG daily
(dose individualised)

Group 1: 11.6%

Early pregnancy loss: first
trimester

- Group 1: continuation during pregnancy (n = 120) Group 2: 36.3%

- Group 2: discontinuation at time of conception or during
pregnancy (n = 80)

p < 0,0001 (OR 0.23,
95% CI 0.11, 0.42)

Nawaz et al.
(2009)

Group 1: conceived on metformin, continued throughout
pregnancy (n=119)

1500MG daily

Group 1: 8.8%

Early pregnancy loss: first
trimester

Group 2: discontinued metformin after conception or
conceived spontaneously (n=78)

Group 2: 29.4%

p <0,001

Jakubowicz et al.
(2002)

Group 1: conceived on metformin and continued during
pregnancy (n = 65)

1000-2000MG daily

Group 1: 8.8%

Early pregnancy loss: first
trimester

Group 2: did not receive metformin at time of conception
or during pregnancy (n =31)

Group 2: 41.9%

p < 0,0001

Glueck et al. (44)

All women conceived on metformin

1500-2550MG daily

Group 1: 10.5%

Early pregnancy loss: first
trimester

- Group 1: continued throughout pregnancy (n = 19) Group 2: 50%

- Group 2: stopped when pregnancy was detected at 4-6
weeks of gestation (n = 3)

statistical data not
provided

Glueck et al. (34)

Group 1: conceived on metformin, continued during
pregnancy (n = 40)

1500-2250MG daily

Group 1: 26%

Early pregnancy loss: first
trimester

Group 2: same women & same partners. Metformin was
stopped at end of first trimester (n = 40)

Group 2: 62%

p < 0,0001

Glueck et al. (45)

Each woman is her own control

2000-2550MG daily

Group 1: 14%
Early pregnancy loss: first
trimester- Group 1: conceived on metformin and continued during

pregnancy (n = 76)
Group 2: 47%

(Continued)
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decreased early pregnancy loss (EPL) (from 49.4% to 12%) in a

cohort of women with PCOS - RPL who conceived on and

continued metformin throughout the pregnancy in comparison to

those who did not conceive on or discontinued metformin when

pregnancy was confirmed (26). The study was performed in 197

PCOS patients of whom only 93 had a history of previous

miscarriage. In the entire population (not solely RPL), the rate of

early pregnancy loss was significantly decreased from 29.4% to 8.8%

when metformin was continued throughout the pregnancy (n= 119)

compared to when it was stopped (n=78). These findings are

confirmed in a retrospective study which showed the risk of EPL

in the metformin group (n=65) and the control group (n=31) was

8.8% and 41.9% respectively (27). In the PCOS-RPL cohort, the risk

of EPL was reduced from 53.8% (control group, n=12) to 11.1%

(metformin group, n=34). However, no stratification was

performed on the number of previous miscarriages.

A number of studies were performed on the effect of metformin

in the general non-RPL PCOS population. Five studies showed a

reduction in miscarriage rate when metformin was administered

(44–48). One study reported no difference in pregnancy outcomes

between women who stopped metformin therapy after the first

trimester, and those who continued metformin for the rest of their

pregnancy (47). In a prospective cohort study, miscarriage rate was

significantly decreased after metformin therapy in a non-PCOS RPL

population when compared to placebo (15% and 55% respectively)

(49). Metformin therapy was started before conception and

continued throughout the pregnancy. The same study included a

PCOS-RPL population which also showed a decreased miscarriage

rate after metformin therapy when compared to placebo (25% vs.

66%) but failed to reach statistical significance. Of importance,

study populations were small; the PCOS+metformin cohort

consisted of 4 women, the PCOS+placebo cohort involved 3

women and the non-PCOS+metformin and non-PCOS+placebo

cohort comprised of 13 and 9 women respectively. Furthermore, in

the previously described studies, no sub-analysis on the history or

number of previous miscarriages was performed. In contrast, a

randomized, placebo-controlled study of 320 PCOS women, found

no difference in early miscarriage rate between women who received

metformin or placebo for three months pre-conception and, if

conceived, continued metformin up to 12 weeks of gestation (7).

However, in this study, no sub-analysis on the population with

previous early miscarriages was performed, making it difficult to

identify patients with RPL within the PCOS study cohort. Also,

obese women received a higher dose of metformin than non-obese

women; 2000mg/day and 1500mg/day respectively.

Two studies were inconclusive on the effect of metformin on

pregnancy loss. One study investigated the effect of metformin
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(500mg twice daily) on late miscarriage (week 13 until week 22 + 6

days) in 470 women with PCOS (28). The study participants were

randomized to receive metformin or placebo from detection of

pregnancy until delivery. The study was underpowered and showed

a non-significant reduction in late miscarriage: three (1%) and five

(2%) late miscarriages occurred in the metformin and placebo

groups respectively. A systematic review on the effect of

metformin on miscarriage was inconclusive (9). No sub-analysis

was conducted on recurrent miscarriages in both studies.

3.2.7 Anti-Mullerian hormone
Anti-Mullerian hormone (AMH) has been studied as a predictive

factor of pregnancy outcome in the PCOS population (29). A trend

towards higher serum AMH levels was observed in the PCOS group

(n=44) when compared to the non-PCOS control group (n=20),

however PCOS populations that miscarried manifested significantly

higher AMH levels than PCOS women who had a successful

pregnancy. This contrasts with the findings by Asanidze et al. who

reported no significant differences in serum AMH levels between

PCOS patients with RPL and those with successful pregnancies. The

study by Szafarowska et al. showed that the chance of miscarriage

increased by 90,8% for every 1ng/mL increase in AMH level when

AMH levels were ≥6,1 ng/mL (p=0,027) (29). All pregnancies in the

studied population were following natural conception. The limiting

factors for this study were the small sample size and that no sub-

analysis was performed to distinguish PCOS patients with primary

infertility from those with RPL.
3.3 Pregnancy morbidity amongst patients
with PCOS and PCOS-associated RPL

Four studies (11, 12, 50, 51) note a relationship between PCOS

and an increased chance of developing gestational diabetes (GDM),

pregnancy induced hypertension (PIH), preeclampsia (PE), and

premature delivery (Table 6). The risk of developing GDM and PIH

or PE was independent of obesity in the studied groups.

Two studies report a significantly higher chance of delivering

prematurely in patients with PCOS in comparison to those without

PCOS (50, 51).

3.3.1 PCOS phenotypes
Khomami et al. reported a higher prevalence of GDM,

gestational hypertension and PE for ovulatory, anovulatory and

hyperandrogenic phenotypes of PCOS which was independent of

obesity. The prevalence of these outcomes was similar in women

with and without PCOS with BMI >30 kg/m2, which indicates a key
TABLE 5 Continued

Timing of metformin Dose Miscarriage rate Time of miscarriage

- Group 2: same women but pregnancy without metformin
(n = 76)

p 0,0004

(OR 3.99, 95% CI 1.91,
8.31)
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role for obesity in the pathogenesis of these pregnancy disorders.

However, no RPL population was identified within the studied

PCOS population

3.3.2 The effect of metformin on
pregnancy complications

Aside from its effects on pregnancy loss, metformin was studied

in the context of pregnancy complications. It significantly decreased

the rates of gestational diabetes, pregnancy induced hypertension,

preeclampsia and intrauterine growth restriction in the cohort that

continued metformin throughout pregnancy (26). Moreover, Glueck

et al. described a reduction in gestational diabetes from 26% to 4% for

patients who continued metformin throughout their pregnancy (47).

This reduction in GDM is likely mediated through decreased insulin

resistance as Jacubowicz and co-workers showed improved insulin

sensitivity in PCOS women treated with metformin (1000-2000mg

daily) compared to those who did not receive treatment (27). Also,

the PCOS women treated with metformin had 57% reduction in free

testosterone levels compared to those who did not receive metformin.

Additionally, de Leo et al. confirmed a reduction in GDM for those

treated with metformin and showed a non-significant reduction in

pregnancy hypertension and preeclampsia (46). In the untreated

group (n= 110), 12 women developed GDM, 10 gestational

hypertension and 3 preeclampsia whereas none in the metformin

group (n=98) developed these complications. On the other hand, a

study by Løvvik et al. showed no effect of metformin on the incidence

of GDM or the need for insulin therapy, but demonstrated reduced

weight gain for those on metformin. The study did report a non-

significant reduction of preterm delivery (week 23 until week 36 + 6

days) for 9 (4%) cases in the metformin group compared to 18 (8%)

in the placebo group. One study investigated the effect of metformin

in combination with diet in pregnant women with PCOS (45). The

diet comprised of 1500 or 1200 calories/day, was low in carbohydrate

and fat and high in protein. Metformin + diet showed a reduction in

preterm delivery (<37 weeks of gestation), GDM and preeclampsia.
3.4 Live birth

3.4.1 PCOS phenotypes
The meta-analysis by Ma et al. not only studied miscarriage rate

but also live birth rate (LBR) within different PCOS phenotypes.
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There was no statistically significant difference in LBR between the

PCOS-hyperandrogenism and PCOS-normal androgen group (RR:

0.84, 95% CI: 0.69, 1.12), and there was no difference in LBR with

further subgroup analysis of individual PCOS-phenotypes (Table 7).

In the prospective cohort study by Rai et. al, which identified an RPL

population with a PCO on imaging subgroup (not a PCOS

subgroup), LBR were similar between the RPL group compared to

the RPL-PCO group, and a non-significant increase in LBRwas noted

in those with elevated LH. LBR was similar between PCOS groups

with elevated testosterone and normal testosterone as well as those

with cycle lengths between >35 days and ≤35 days (20).

3.4.2 Neonatal birthweight and perinatal
morbidity and mortality

Boomsma et al. describes a significantly lower neonatal

birthweight of babies born from PCOS mothers with no

macrosomia compared to non-PCOS controls. This finding is

unexpected as PCOS is usually associated with metabolic

dysfunction, GDM and macrosomia. The finding of low neonatal

weight may be a reflection of underlying placental dysfunction as the

association between PCOS and hypertensive disorders of pregnancy

is well described. Furthermore, babies from PCOS mothers were

more frequently admitted to the neonatal intensive care unit (NICU)

and had significantly increased perinatal mortality when compared to

non-PCOS pregnancies. This may additionally be due to an increased

premature delivery rate in the PCOS population since the reasons for

NICU admission included hypoglycemia, jaundice and respiratory

distress syndrome. Causes for perinatal death included lethal

malformations, cervical insufficiency, sepsis and placental

abruption. However, this study was conducted in a PCOS

population with no identification of a RPL population. In contrast,

Rees et al. did not report a difference in stillbirth nor Apgar scores in

PCOS-complicated pregnancies compared to non-PCOS

populations, but found a significantly higher prevalence of neonatal

jaundice and respiratory distress syndrome and a trend toward lower

birth weight and increased hypoglycemia in their PCOS population.

Again, no RPL population was identified.
3.4.3 The effect of metformin on live birth rates
LBR was also studied in relation to metformin use in the PCOS

population. In the study by Nawaz et. al., LBR was significantly
TABLE 6 Pregnancy morbidity amongst patients with PCOS and PCOS associated RPL.

Main outcome Reference

Pregnancy
complications

Increased chance of developing GDM, PIH, PE and premature delivery in PCOS group independent of obesity
Ma et al. (12), Khomami et al.
(11), Boomsma et al. (50), Rees
et al. (51)

PCOS
phenotypes

Ovulatory, anovulatory and hyperandrogenic PCOS phenotypes: higher prevalence of GDM, gestational
hypertension and PE independent of obesity. Prevalence of these outcomes similar in women with and without
PCOS when BMI > 30kg/m2

Khomami et al. (11)

Metformin

Decreased rates of GDM, PIH, PE and IUGR
Nawaz et al. (26), Glueck et al.
(47), de Leo et al. (46)

Improved insulin sensitivity in PCOS women treated with metformin compared to no treatment. Jakubowicz et al. (27)

57% reduction in free testosterone levels in PCOS women with metformin compared to placebo Jakubowicz et al. (27)
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improved in PCOS women treated with metformin (500mg tds)

(n=119) when compared to the PCOS population without

metformin (n=78) - 92% and 70% respectively. The PCOS groups

did not all manifest RPL, and no subgroup analysis was performed

on the RPL populations. Likewise, the study by Morin-Papunen

et al. showed a significantly higher LBR in the PCOS-metformin

population when compared to the PCOS-placebo group. The most

beneficial effects of metformin were found in obese women. The

systematic review by Morin-Papunen and colleagues reported a

modest effect of metformin on LBR in the PCOS population with a

number needed to treat of 13 for one livebirth. A subgroup analysis

examining BMI found no effect of BMI on LBR.

In the study by Glueck et al. favorable effects of metformin were

found in the PCOS population (47). In this study, like many others, a

RPL population was not identified. Seventy-two (72) women diagnosed

with PCOS were treated with metformin (1500-2550MG/day pre-

conception) and were compared to their own previous pregnancy

outcomes without metformin treatment. On metformin there were 63

livebirths in 81 pregnancies (75%) whereas only 34 livebirths in 100

pregnancies (34%) were recorded in their previous pregnancies without

metformin. In this study, pregnancy outcomes did not differ between

women who continued metformin throughout the pregnancy versus

women who discontinued it after the first trimester.

The previously described metformin+diet study which

investigated 76 PCOS women showed an increase in live-births

from 40 (53%) to 62 (82%) when metformin+diet was the

intervention (45).

Lastly, Ramidi et al. studied enoxaparin-metformin

combination in a PCOS population with ≥1 SAB (39). Dosage of
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metformin was 1500-2550MG/day and of enoxaparin 60MG/day.

Nineteen women in 40 previous pregnancies had 7 live births (18%)

without enoxaparin-metformin, and with enoxaparin-metfomin the

same 19 women had 20 live births (83%) in 24 pregnancies. Twenty

of these 24 births continued to term (91%).
4 Discussion

The intention of this review of literature was to present a clear

overview of what is known about the relationship between PCOS

and RPL, and which PCOS phenotypes might pose increased risk

for further miscarriage or improved the chances of livebirth.

Regrettably, studies that provided information on this

relationship are scarce and results were frequently inconsistent.

Given paucity of data, the review additionally included studies that

explored potential mechanistic aspects behind PCOS associated

pregnancy loss. The paucity of studies on data association between

PCOS phenotypes and further risk of miscarriage and/or livebirth

rates, particularly in PCOS patients with RPL, imposed a great a

limitation of our study. Because results and studied groups were

frequently inconsistent, this review portrays the need for

clarification about the relationship and pathophysiology between

PCOS and RPL.

The risk of GDM, PIH and PE was higher in the PCOS

population without identification of a RPL population when

compared to the non-PCOS population. A clear increase in

spontaneous miscarriage risk was found in overweight PCOS

patients. Being overweight and obese is a recognized risk factor

for sporadic miscarriage. Also, miscarriage rate was frequently

higher among PCOS patients with hyperandrogenism (although

identification of PCOS patients with RPL was not conducted),

however subgroup analyses of other PCOS phenotypes revealed

no differences in miscarriage rate. Of importance, the definition of

PCOS itself as well as that of its phenotypes varied widely between

studies, making it difficult to compare study findings.

Multiple studies included PCOS patients undergoing ART, but

no PCOS phenotypes or characteristics were identified and thus

sub-analyses on the various techniques and the rate of miscarriage

were not performed. This further raises the question of the potential

influence of ART interventions on outcomes in PCOS populations.

Multiple studies reported elevated hs-CRP, triglycerides, insulin

resistance and homocysteine and lower levels of adiponectin in the

non-pregnant PCOS-RPL population. Women with PCOS and

hyperinsulinemia have low-grade chronic inflammation which

reflects the CRP levels and possibly causes endothelial dysfunction

(48). Also, elevated levels of CTRP6 were found in the PCOS

populations and were strongly associated with BMI. There might

be a role for CTRP6 in the pathogenesis of PCOS but its contribution

to PCOS-RPL remains unclear. The expression of Metrnl showed an

inverse correlation with markers of glucose homeostasis and

inflammation in the PCOS-RPL and PCOS-infertile population,

however uncertainty remains on its contribution to RPL in PCOS

since the pathogenesis of RPL might differ from that of PCOS

with infertility.
TABLE 7 Live Birth.

Main outcome Reference

PCOS
phenotypes

No statistically significant difference in LBR
between PCOS-HA and PCOS-normal
androgen group and no difference in LBR with
further subgroup analysis

Ma et al. (12)

LBR Similar between RPL and RPL+PCO Rai et al. (20)

LBR similar between PCOS with elevated
testosterone and normal testosterone as well as
cycle lengths >35 days and ≤35 days

Rai et al. (20)

Neonatal
birthweight
and
perinatal
morbidity
and
mortality

Significantly lower birthweight of babies from
PCOS mothers with no macrosomia. Babies
from PCOS mothers more frequently admitted
to the NICU and had significantly increased
perinatal mortality compared to non-PCOS
controls

Boomsma
et al. (50)

No difference in APGAR-scores in PCOS
compared to non-PCOS but a significantly
higher prevalence of jaundice and IRDS

Boomsma
et al. (50),
Rees et al. (51)

Metformin

LBR significantly increased in PCOS women
treated with metformin compared to PCOS
women without metformin

Nawaz et al.
(26), Morin-
Papunen et al.
(7), Glueck
et al. (47)

Most beneficial effects of metformin in obese
women
LBR, Live Birth Rate.
IRDS, Infant Respiratory Distress Syndrome.
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Elevated levels of leptin and decreased levels of sOB-R were found

in PCOS patients. Moreover, elevated leptin levels were shown to

increase the risk of RPL in PCOS. However, no correlation between

leptin polymorphisms and the serum levels of leptin were found. It

therefore remains inconclusive whether elevated leptin levels drive

the pathophysiology of RPL. Also, the level of free testosterone was

associated with an increased risk of RPL in PCOS.

Information on metformin was occasionally contradictory and

inconclusive. The most beneficial effects of metformin were found

in obese women but, in some studies, the dose of metformin in

obese women was higher than that used in non-obese women while

in other studies identical doses were maintained. Additionally, some

studies only included women with PCOS and IR in the PCOS

population and compared this cohort to healthy controls with no

PCOS or IR, raising the question of whether the effect of metformin

was secondary to PCOS, IR or both. One study reported on effects of

a combination of metformin and diet, but it became impossible to

draw conclusions on the individual contributions of metformin or

diet since both likely act synergistically.

Hypofibrinolysis was associated with non-pregnant PCOS-RPL

women. Evidence on elevated levels of PAI-Fx in the non-pregnant

PCOS population was coherent and associated with worse

pregnancy outcomes in PCOS-RPL women. Also, in PCOS

women with a history of ≥1 SAB, PAI-Fx levels remained

unchanged or rose during the first trimester.

Higher levels of homocysteine and higher prevalence of

hyperhomocysteinemia were found in the PCOS-RPL population.

After controlling for IR, the correlation between the rate of

miscarriage and HHcy became even greater. Pregnancy salvage

was lower in HHcy irrespective of PCOS, IR or obesity which raises

the contribution of HHcy in the PCOS-RPL population. Elevated

AMH is a proposed biomarker for the risk of miscarriage in

pregnant women with PCOS. Also, progressive correlation of M2

haplotype carriage with the number of miscarriages was found in

the PCOS-RPL population but characteristics distinguishing the

PCOS population from the PCOS-RPL population were not found.

It therefore remains unclear whether M2 carriage is an independent

risk factor of RPL irrespective of PCOS.

Babies from PCOS mothers were more frequently administered

to the NICU and perinatal death was significantly higher in the

PCOS population compared to the non-PCOS population which

could be due to more frequent premature delivery or contribution

from placenta mediated disease. Unfortunately, no RPL population

was identified. Livebirth was mainly an outcome of studies that

examined metformin therapy in the PCOS population. Overall, the

studies show an increase in live birth and lower premature delivery

rates in pregnant PCOS patients treated with metformin when

compared to placebo or no treatment. This is important, as livebirth

is the outcome of ultimate importance when PCOS affected couples

are trying to conceive. Unfortunately, of the studies that reported on

livebirth after metformin treatment, four studies partly included

either RPL populations or populations that had ≥1 previous SAB’s

but no sub-analyses on these sub-populations were performed and

two studies did not identify the number of previous miscarriages.
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Unfortunately, the underlying pathophysiological mechanisms

behind PCOS associated RPL (e.g. inflammatory, metabolic,

coagulation or most likely a combination of these), remains unclear.

Our study has some limitations. Firstly, the definition of RPL

varied, with some studies defining recurrent pregnancy loss as ≥2

consecutive miscarriages whereas others used the definition of ≥3

consecutive pregnancy losses. Secondly, RPL populations were

frequently included in the PCOS populations but were not

specified for subgroup analysis. Often no data was available on

the number of miscarriages per women and sub-analyses on this

data were not performed. It therefore remains challenging to draw

conclusions on outcomes when minimal information is available on

the number of previous miscarriages in the studies, particularly

when the RPL population with PCOS is not specifically identified.

This is crucial as the risk of spontaneous abortion increases as the

number of previous miscarriages is higher (52). Similarly, the

chance of achieving livebirth will be lower as the number of

previous miscarriages increases. Thirdly, several studies included

only small sample sizes with no sample size calculations. The

sample sizes became even smaller after subgroups were identified,

further limiting the reliability of study findings. Also, the majority

of studies applied the Rotterdam criteria to identify the PCOS but

some studies used other criteria to define PCOS. Lastly, studies that

define clinical phenotypes of PCOS in relation to pregnancy

outcomes or RPL are scarce.

We propose studies that identify different PCOS phenotypes

based on the previously described biochemical and clinical

characteristics to differentiate PCOS patients at high risk for

further pregnancy loss from those who will achieve successful

pregnancies. This is necessary to optimize our understanding of

PCOS-associated RPL, and in the future adapt medical guidance

throughout pregnancy, as well as unravel novel therapeutic

interventions aimed at optimizing livebirths and reducing the risk

of pregnancy loss in pregnant women with PCOS.
5 Conclusion

We aimed to identify and characterize phenotypes that associate

with increased risk of miscarriage in PCOS -associated RPL.

Published studies on this subject are scarce and results are often

inconsistent and confounded.

The extent to which BMI, obesity and PCOS phenotypes

contribute to the risk of miscarriage in the PCOS populations

with RPL as well as putative contributors to underlying

pathophysiology, including, inter alia, insulin resistance, serum

androgen levels, SHBG, hs-CRP, CTRP6, adiponectin, plasma

leptin, homocysteine, AMH and thrombophilia warrant urgent

exploration. Other elements include sOB-R, PAI-Fx and the

Factor-V-Leiden mutations. Studies investigating this, along with

those examining the relationship between PCOS-related RPL and

other pregnancy morbidities such as gestational diabetes, preterm

birth and hypertensive disorders of pregnancy will be welcome

contributions to the field.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1183060
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wartena and Matjila 10.3389/fendo.2023.1183060
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

The authors confirm contributions to the paper as follows:

study conception and design: RW, MM; Data collection: RW.

Analysis and interpretation of results: RW. Draft manuscript

preparation: RW. All authors contributed to the article and

approved the submitted version.
Acknowledgments

Acknowledgement is given to staff of the research team of the

Department of Obstetrics and Gynaecology at Groote Schuur

Hospital, Cape Town, South Africa.
Frontiers in Endocrinology 12
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.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.

1183060/full#supplementary-material
References
1. Rotterdam EA-SPCWG. 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

2. Kjerulff LE, Sanchez-Ramos L, Duffy D. Pregnancy outcomes in women with
polycystic ovary syndrome: a metaanalysis. Am J Obstet Gynecol (2011) 204(6):558 e1–
6. doi: 10.1016/j.ajog.2011.03.021

3. Yu HF, Chen HS, Rao DP, Gong J. Association between polycystic ovary
syndrome and the risk of pregnancy complications A PRISMA-compliant systematic
review and meta-analysis. Medicine (2016) 95(51):1–12. doi: 10.1097/
MD.0000000000004863

4. Tarkun I, Arslan BC, Canturk Z, Turemen E, Sahin T, Duman C. Endothelial
dysfunction in young women with polycystic ovary syndrome: relationship with insulin
resistance and low-grade chronic inflammation. J Clin Endocrinol Metab (2004) 89
(11):5592–6. doi: 10.1210/jc.2004-0751

5. Kargasheh FB, Ansaripour S, Borumandnia N, Moradi N, Zandieh Z, Maleki M,
et al. Association of leptin G2548A and leptin receptor Q223R polymorphisms and
their serum levels with infertility and recurrent pregnancy loss in Iranian women with
polycystic ovary syndrome. PloS One (2021) 16(8):1–13. doi: 10.1371/
journal.pone.0255920

6. Fouani FZ, Fadaei R, Moradi N, Zandieh Z, Ansaripour S, Yekaninejad MS, et al.
Circulating levels of Meteorin-like protein in polycystic ovary syndrome: A case-
control study. PloS One (2020) 15(4):e0231943. doi: 10.1371/journal.pone.0231943

7. Morin-Papunen L, Rantala AS, Unkila-Kallio L, Tiitinen A, Hippelainen M,
Perheentupa A, et al. Metformin improves pregnancy and live-birth rates in women
with polycystic ovary syndrome (PCOS): A multicenter, double-blind, placebo-
controlled randomized trial. J Clin Endocr Metab (2012) 97(5):1492–500.
doi: 10.1210/jc.2011-3061

8. Sadeghi A, Fadaei R, Moradi N, Fouani FZ, Roozbehkia M, Zandieh Z, et al.
Circulating levels of C1q/TNF-alpha-related protein 6 (CTRP6) in polycystic ovary
syndrome. IUBMB Life (2020) 72(7):1449–59. doi: 10.1002/iub.2272

9. Morley LC, Tang T, Yasmin E, Norman RJ, Balen AH. Insulin-sensitising drugs
(metformin, rosiglitazone, pioglitazone, D-chiro-inositol) for women with polycystic
ovary syndrome, oligo amenorrhoea and subfertility. Cochrane Database Syst Rev
(2017) 11:CD003053. doi: 10.1002/14651858.CD003053.pub6

10. Hammond GL, Wu TS, Simard M. Evolving utility of sex hormone-binding
globulin measurements in clinical medicine. Curr Opin Endocrinol Diabetes Obes
(2012) 19(3):183–9. doi: 10.1097/MED.0b013e328353732f

11. Khomami MB, Joham AE, Boyle JA, Piltonen T, Silagy M, Arora C, et al.
Increased maternal pregnancy complications in polycystic ovary syndrome appear to
be independent of obesity-A systematic review, meta-analysis, and meta-regression.
Obes Rev (2019) 20(5):659–74. doi: 10.1111/obr.12829

12. Ma LN, Cao YR, Ma Y, Zhai J. Association between hyperandrogenism and
adverse pregnancy outcomes in patients with different polycystic ovary syndrome
phenotypes undergoing in vitro fertilization/intracytoplasmic sperm injection: a
systematic review and meta-analysis. Gynecol Endocrinol (2021) 37(8):694–701.
doi: 10.1080/09513590.2021.1897096

13. Murayama MA, Kakuta S, Inoue A, Umeda N, Yonezawa T, Maruhashi T, et al.
CTRP6 is an endogenous complement regulator that can effectively treat induced
arthritis. Nat Commun (2015) 6:8483. doi: 10.1038/ncomms9483

14. Lei H, Wu D,Wang JY, Li L, Zhang CL, Feng H, et al. C1q/tumor necrosis factor-
related protein-6 attenuates post-infarct cardiac fibrosis by targeting RhoA/MRTF-A
pathway and inhibiting myofibroblast differentiation. Basic Res Cardiol (2015) 110
(4):35. doi: 10.1007/s00395-015-0492-7

15. Lei X, Seldin MM, Little HC, Choy N, Klonisch T, Wong GW. C1q/TNF-related
protein 6 (CTRP6) links obesity to adipose tissue inflammation and insulin resistance. J
Biol Chem (2017) 292(36):14836–50. doi: 10.1074/jbc.M116.766808

16. Yin L, Wang W, Wei H, Xi F, Chu G, Yang G. Localization and expression of
CTRP6 in ovary and its regulation by FSH in porcine granulosa cells. Theriogenology
(2019) 127:56–65. doi: 10.1016/j.theriogenology.2019.01.009

17. Wang JX, Davies MJ, Norman RJ. Polycystic ovarian syndrome and the risk of
spontaneous abortion following assisted reproductive technology treatment. Hum
Reprod (2001) 16(12):2606–9. doi: 10.1093/humrep/16.12.2606

18. Asanidze E, Kristesashvili J, Andguladze S. Correlation between levels of
homocysteine, anti-mullerian hormone and insulin resistance in pcos patients with
recurrent miscarriage. Georgian Med News (2019) 290):25–9.

19. Okon MA, Laird SM, Tuckerman EM, Li TC. Serum androgen levels in women
who have recurrent miscarriages and their correlation with markers of endometrial
function. Fertil Steril (1998) 69(4):682–90. doi: 10.1016/S0015-0282(98)00007-7

20. Rai R, Backos M, Rushworth F, Regan L. Polycystic ovaries and recurrent miscarriage
- a reappraisal. Hum Reprod (2000) 15(3):612–5. doi: 10.1093/humrep/15.3.612

21. Moini A, Tadayon S, Tehranian A, Yeganeh LM, Akhoond MR, Yazdi RS.
Association of thrombophilia and polycystic ovarian syndrome in women with history
of recurrent pregnancy loss. Gynecol Endocrinol (2012) 28(8):590–3. doi: 10.3109/
09513590.2011.650754

22. Glueck CJ, Sieve L, Zhu BH, Wang P. Plasminogen activator inhibitor activity,
4G5G polymorphism of the plasminogen activator inhibitor 1 gene, and first-trimester
miscarriage in women with polycystic ovary syndrome. Metabolism-Clinical
Experimental (2006) 55(3):345–52. doi: 10.1016/j.metabol.2005.09.008
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1183060/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1183060/full#supplementary-material
https://doi.org/10.1016/j.fertnstert.2003.10.004
https://doi.org/10.1016/j.ajog.2011.03.021
https://doi.org/10.1097/MD.0000000000004863
https://doi.org/10.1097/MD.0000000000004863
https://doi.org/10.1210/jc.2004-0751
https://doi.org/10.1371/journal.pone.0255920
https://doi.org/10.1371/journal.pone.0255920
https://doi.org/10.1371/journal.pone.0231943
https://doi.org/10.1210/jc.2011-3061
https://doi.org/10.1002/iub.2272
https://doi.org/10.1002/14651858.CD003053.pub6
https://doi.org/10.1097/MED.0b013e328353732f
https://doi.org/10.1111/obr.12829
https://doi.org/10.1080/09513590.2021.1897096
https://doi.org/10.1038/ncomms9483
https://doi.org/10.1007/s00395-015-0492-7
https://doi.org/10.1074/jbc.M116.766808
https://doi.org/10.1016/j.theriogenology.2019.01.009
https://doi.org/10.1093/humrep/16.12.2606
https://doi.org/10.1016/S0015-0282(98)00007-7
https://doi.org/10.1093/humrep/15.3.612
https://doi.org/10.3109/09513590.2011.650754
https://doi.org/10.3109/09513590.2011.650754
https://doi.org/10.1016/j.metabol.2005.09.008
https://doi.org/10.3389/fendo.2023.1183060
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wartena and Matjila 10.3389/fendo.2023.1183060
23. Kazerooni T, Ghaffarpasand F, Asadi N, Dehkhoda Z, Dehghankhalili M,
Kazerooni Y. Correlation between thrombophilia and recurrent pregnancy loss in
patients with polycystic ovary syndrome: A comparative study. J Chin Med Assoc
(2013) 76(5):282–8. doi: 10.1016/j.jcma.2013.01.009

24. Idali F, Zareii S, Mohammad-Zadeh A, Reihany-Sabet F, Akbarzadeh-Pasha Z,
Khorram-Khorshid HR, et al . Plasminogen activator inhibitor 1 and
methylenetetrahydrofolate reductase gene mutations in Iranian women with
polycystic ovary syndrome. Am J Reprod Immunol (2012) 68(5):400–7. doi: 10.1111/
aji.12002

25. Chakraborty P, Banerjee S, Saha P, Nandi SS, Sharma S, Goswami SK, et al.
Aspirin and low-molecular weight heparin combination therapy effectively prevents
recurrent miscarriage in hyperhomocysteinemic women. PloS One (2013) 8(9):e74155.
doi: 10.1371/journal.pone.0074155

26. Nawaz FH, Rizvi J. Continuation of metformin reduces early pregnancy loss in
obese Pakistani women with polycystic ovarian syndrome. Gynecol Obstet Invest (2010)
69(3):184–9. doi: 10.1159/000268051

27. Jakubowicz DJ, Iuorno MJ, Jakubowicz S, Roberts KA, Nestler JE. Effects of
metformin on early pregnancy loss in the polycystic ovary syndrome. J Clin Endocr
Metab (2002) 87(2):524–9. doi: 10.1210/jc.87.2.524

28. Lovvik TS, Carlsen SM, Salvesen O, Steffensen B, Bixo M, Gomez-Real F, et al.
Use of metformin to treat pregnant women with polycystic ovary syndrome
(PregMet2): a randomised, double-blind, placebo-controlled trial. Lancet Diabetes
Endo (2019) 7(4):256–66. doi: 10.1016/S2213-8587(19)30002-6

29. Szafarowska M, Rogowski A, Segiet A, Jerzak M. Anti-müllerian hormone and
inhibin B as predictive factors of pregnancy outcome in women with polycystic ovary
syndrome. J Reprod Med (2018) 64(4):381–9.

30. Uchida H, Maruyama T, Nishikawa-Uchida S, Miyazaki K, Masuda H,
Yoshimura Y. Glycodelin in reproduction. Reprod Med Biol (2013) 12(3):79–84.
doi: 10.1007/s12522-013-0144-2

31. Li ZY, Song J, Zheng SL, Fan MB, Guan YF, Qu Y, et al. Adipocyte metrnl
antagonizes insulin resistance through PPAR gamma signaling. Diabetes (2015) 64
(12):4011–22. doi: 10.2337/db15-0274

32. Rao RR, Long JZ, White JP, Svensson KJ, Lou J, Lokurkar I, et al. Meteorin-like is
a hormone that regulates immune-adipose interactions to increase beige fat
thermogenesis. Cell (2014) 157(6):1279–91. doi: 10.1016/j.cell.2014.03.065

33. Ding X, Chang X, Wang J, Bian N, An Y, Wang G, et al. Serum Metrnl levels are
decreased in subjects with overweight or obesity and are independently associated with
adverse lipid profile. Front Endocrinol (Lausanne) (2022) 13:938341. doi: 10.3389/
fendo.2022.938341

34. Glueck CJ, Wang P, Bornovali S, Goldenberg N, Sieve L. Polycystic ovary
syndrome, the G1691A factor V Leiden mutation, and plasminogen activator inhibitor
activity: associations with recurrent pregnancy loss. Metabolism (2003) 52(12):1627–
32. doi: 10.1016/j.metabol.2003.06.001

35. Glueck CJ, Wang P, Goldenberg N, Sieve L. Pregnancy loss, polycystic ovary
syndrome, thrombophilia, hypofibrinolysis, enoxaparin, metformin. Clin Appl Thromb
Hemost (2004) 10(4):323–34. doi: 10.1177/107602960401000404

36. Glueck CJ, Wang P, Fontaine RN, Sieve-Smith L, Tracy T, Moore SK.
Plasminogen activator inhibitor activity: an independent risk factor for the high
miscarriage rate during pregnancy in women with polycystic ovary syndrome.
Metabolism (1999) 48(12):1589–95. doi: 10.1016/s0026-0495(99)90250-0

37. Hague WM. Homocysteine and pregnancy. Best Pract Res Clin Obstet Gynaecol
(2003) 17(3):459–69.
Frontiers in Endocrinology 13
38. Chakraborty P, Goswami SK, Rajani S, Sharma S, Kabir SN, Chakravarty B,
et al. Recurrent pregnancy loss in polycystic ovary syndrome: role of
hyperhomocysteinemia and insulin resistance. PloS One (2013) 8(5):e64446.
doi: 10.1371/journal.pone.0064446

39. Ramidi G, Khan N, Glueck CJ, Wang P, Goldenberg N. Enoxaparin-metformin
and enoxaparin alone may safely reduce pregnancy loss. Transl Res (2009) 153(1):33–
43. doi: 10.1016/j.trsl.2008.11.003

40. Rogenhofer N, Engles L, Bogdanova N, Tuttelmann F, Thaler CJ, Markoff A.
Independent association of the M2/ANXA5 haplotype with recurrent pregnancy loss
(RPL) in PCOS patients. Metabolism-Clinical Experimental (2013) 62(8):1057–60.
doi: 10.1016/j.metabol.2013.02.005

41. Zheng MY, Yan JY, Jiang LL, Dai ZZ, Liu X. Association between ANXA5
haplotypes and the risk of recurrent pregnancy loss. J Int Med Res (2022) 50(7):1–6.
doi: 10.1177/03000605211026809

42. Szafarowska M, Segiet A, Jerzak MM. Methylenotetrahydrololate reductase
A1298C and C677T polymorphisms and adverse pregnancy outcome in women with
PCOS. Neuro Endocrinol Lett (2016) 37(2):141–6.

43. Alkhuriji AF, Al Omar SY, Babay ZA, El-Khadragy MF, Mansour LA, Alharbi
WG, et al. Association of IL-1beta, IL-6, TNF-alpha, and TGFbeta1 gene
polymorphisms with recurrent spontaneous abortion in polycystic ovary syndrome.
Dis Markers (2020) 2020:6076274. doi: 10.1155/2020/6076274

44. Glueck CJ, Phillips H, Cameron D, Sieve-Smith L, Wang P. Continuing
metformin throughout pregnancy in women with polycystic ovary syndrome appears
to safely reduce first-trimester spontaneous abortion: a pilot study. Fertil Steril (2001)
75(1):46–52. doi: 10.1016/S0015-0282(00)01666-6

45. Glueck CJ, Goldenberg N, Pranikoff J, Khan Z, Wang P. Effects of metformin-
diet intervention before and throughout pregnancy on obstetric and neonatal outcomes
in patients with polycystic ovary syndrome. Curr Med Res Opin (2013) 29(1):55–62.
doi: 10.1185/03007995.2012.755121

46. De Leo V, Musacchio MC, Piomboni P, Di Sabatino A, Morgante G. The
administration of metformin during pregnancy reduces polycystic ovary syndrome
related gestational complications. Eur J Obstet Gynecol Reprod Biol (2011) 157(1):63–6.
doi: 10.1016/j.ejogrb.2011.03.024

47. Glueck CJ, Wang P, Goldenberg N, Sieve-Smith L. Pregnancy outcomes among
women with polycystic ovary syndrome treated with metformin. Hum Reprod (2002)
17(11):2858–64. doi: 10.1093/humrep/17.11.2858

48. Khattab S, Mohsen IA, Foutouh IA, Ramadan A, Moaz M, Al-Inany H.
Metformin reduces abortion in pregnant women with polycystic ovary syndrome.
Gynecol Endocrinol (2006) 22(12):680–4. doi: 10.1080/09513590601010508

49. Zolghadri J, Tavana Z, Kazerooni T, Soveid M, Taghieh M. Relationship between
abnormal glucose tolerance test and history of previous recurrent miscarriages, and
beneficial effect of metformin in these patients: a prospective clinical study. Fertil Steril
(2008) 90(3):727–30. doi: 10.1016/j.fertnstert.2007.06.079

50. Boomsma CM, Eijkemans MJ, Hughes EG, Visser GH, Fauser BC, Macklon NS.
A meta-analysis of pregnancy outcomes in women with polycystic ovary syndrome.
Hum Reprod Update (2006) 12(6):673–83. doi: 10.1093/humupd/dml036

51. Rees DA, Jenkins-Jones S, Morgan CL. Contemporary reproductive outcomes
for patients with polycystic ovary syndrome: A retrospective observational study. J Clin
Endocr Metab (2016) 101(4):1664–72. doi: 10.1210/jc.2015-2682

52. Clifford K, Rai R, Regan L. Future pregnancy outcome in unexplained recurrent first
trimester miscarriage. Hum Reprod (1997) 12(2):387–9. doi: 10.1093/humrep/12.2.387
frontiersin.org

https://doi.org/10.1016/j.jcma.2013.01.009
https://doi.org/10.1111/aji.12002
https://doi.org/10.1111/aji.12002
https://doi.org/10.1371/journal.pone.0074155
https://doi.org/10.1159/000268051
https://doi.org/10.1210/jc.87.2.524
https://doi.org/10.1016/S2213-8587(19)30002-6
https://doi.org/10.1007/s12522-013-0144-2
https://doi.org/10.2337/db15-0274
https://doi.org/10.1016/j.cell.2014.03.065
https://doi.org/10.3389/fendo.2022.938341
https://doi.org/10.3389/fendo.2022.938341
https://doi.org/10.1016/j.metabol.2003.06.001
https://doi.org/10.1177/107602960401000404
https://doi.org/10.1016/s0026-0495(99)90250-0
https://doi.org/10.1371/journal.pone.0064446
https://doi.org/10.1016/j.trsl.2008.11.003
https://doi.org/10.1016/j.metabol.2013.02.005
https://doi.org/10.1177/03000605211026809
https://doi.org/10.1155/2020/6076274
https://doi.org/10.1016/S0015-0282(00)01666-6
https://doi.org/10.1185/03007995.2012.755121
https://doi.org/10.1016/j.ejogrb.2011.03.024
https://doi.org/10.1093/humrep/17.11.2858
https://doi.org/10.1080/09513590601010508
https://doi.org/10.1016/j.fertnstert.2007.06.079
https://doi.org/10.1093/humupd/dml036
https://doi.org/10.1210/jc.2015-2682
https://doi.org/10.1093/humrep/12.2.387
https://doi.org/10.3389/fendo.2023.1183060
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Polycystic ovary syndrome and recurrent pregnancy loss, a review of literature
	1 Introduction
	2 Methods
	3 Results
	3.1 PCOS and pregnancy
	3.1.1 The role of BMI
	3.1.2 PCOS phenotypes
	3.1.3 Proteins and PCOS entities
	3.1.4 Metformin

	3.2 Pregnancy Loss in PCOS and PCOS associated RPL
	3.2.1 The role of BMI and hyperandrogenism
	3.2.2 PCO morphology
	3.2.3 Meteorin-like protein
	3.2.4 Thrombophilia
	3.2.5 Genotypic polymorphisms
	3.2.6 Insulin resistance and metformin
	3.2.7 Anti-Mullerian hormone

	3.3 Pregnancy morbidity amongst patients with PCOS and PCOS-associated RPL
	3.3.1 PCOS phenotypes
	3.3.2 The effect of metformin on pregnancy complications

	3.4 Live birth
	3.4.1 PCOS phenotypes
	3.4.2 Neonatal birthweight and perinatal morbidity and mortality
	3.4.3 The effect of metformin on live birth rates


	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	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 /sRGB
  /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 true
  /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 true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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


