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Objectives: To evaluate predictability of estimation of serum levels of
glycodelin A (GdA), insulin growth factor-1 (IGF-1) and its binding
protein-3 (IGFBP-3) at the 4™ week gestation age (GA) for
development of early pregnancy loss (EPL) in primigravida with
polycystic ovary syndrome (PCOS).

Patients & Methods: The study included 45 primigravida PCOS
women developed EPL (Study group) and 45 primigravida PCOS
women completed the observation period uneventfully (Control group).
At the 4™ wk GA, all women underwent clinical examination and
pregnhancy was assured, then all women gave fasting blood samples for
estimation of fasting blood glucose (FBG), serum insulin, GdA, IGF-1
and IGFBP-3. Insulin resistance (IR) was evaluated using the
homeostasis model assessment IR (HOMA-IR) score.

Results: Study women had significantly higher FBG and
HOMA-IR score than control women. Estimated 4-wk GA serum levels
of IGF-1 were significantly higher, while serum IGFBP-3 and GdA
were significantly lower in study versus control PCOS women.
Development of EPL showed positive significant correlation with high
FBG, HOMA-IR score and high serum IGF-1 levels, while showed
negative significant correlation with serum IGFBP-3 and GdA levels.
Statistical analyses defined high serum IGF-1 as significant sensitive
predictor, while low serum glycodelin A, IGFBP-1 and FBG as specific
predictors for development of EPL, in decreasing order of significance.
Conclusion: Low serum GdA and IGFBP-3 levels and high IGF-1
levels estimated at the 4" wk GA may underlie the development of EPL
in pregnant PCOS women. Estimation of three markers as multiple
marker panels could predict EPL with high sensitivity and specificity.
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Introduction:-

Polycystic ovary syndrome (PCOS) is a common endocrine disorder that has profound implications for women
throughout their reproductive life (Y. PCOS affects 6 to 15% of reproductive age women worldwide @ and is
associated with increased risk of Eregnancy—related complications ) that may possibly explained by presence of
several endometrial abnormalities .

The pathophysiology of PCOS is very unique, and several hormonal and metabolic changes occur . Insulin
resistance (IR) in POCS women may be related to lower expression of GLUT4 ® and/or a disturbance in the
coupling of the stimulation of insulin receptor by insulin © ending at compensatory increase in insulin concentration
despite of increased blood glucose levels ©.

Close relationships have been demonstrated between IR and serum insulin-related growth factor (IGF)-1 level in
patient of PCOS . The efficacy of IGF-1 depends on the expression and availability of a family of six types of IGF-
binding proteins (IGFBP) ™. In humans, IGFBP-3 is the most abundant representing >80% of IGFBP, has great
affinity for IGF-1 and -2 and is responsible for the maintenance of the circulating IGF-1 levels ®. IGFBP-3 alone or
in conjunction with other adipokines, is also associated with IR ©,

Human glycodelin (Gd) is an abundant glycoprotein and is a tg)otential paracrine regulator involved in crucial
biological processes such as reproduction and immune reaction . Glycodelin contains four isoforms with diverse
biological functions. Glycodelin-A (GdA) is potentially a diagnostic marker for receptivity marker of the secretory
endometrium ™.

Objectives:-
This study aimed to evaluate the predictability of estimation of serum levels of GdA, IGF-1 and IGFBP-3 at the 4™
week of gestation for development of early pregnancy loss (EPL) in pregnant women with PCOS.

Design:-
Prospective selective comparative clinical trial

Setting:-
Benha University Hospitals

Patients & Methods:-

The study protocol was approved by the Local Ethical Committee and all enrolled women signed written fully
informed consent. All primigravida with PCOS between 4™ and 5™ wk GA, accepting to attend the OPC 4-weekly
thereafter unless if there was any indication to attend in-between regular visits, accepting to give a phone number for
follow-up if can't attend the OPC were included in the study. The study targets to collect > 40 primigravida with
PCOS who developed pregnancy loss within the 1% 12-wk gestation period as study group and then a similar number
of primigravida PCOS women who continued their pregnancy successfully for >12 wks as control group. Exclusion
criteria included uterine anatomical anomalies, BMI>35 kg/m?, endocrinopathy, multiple pregnancy endometriosis
were excluded.

Diagnosis of pregnancy relied on positive serum pregnancy test and was assured using TVU. Gestational age (GA)
was defined as the number of weeks since the last menstrual period. All women had complete history taking and full
clinical examination including body height and weight, and body mass index (BMI) was calculated as weight
(kg)/height (m?) @2, Obesity grades were defined after the WHO expert consultation ™ as BMI <24.9 as average,
25-<30 kg/m? as overweight, BMI >30-<35 kg/m2 as obese and BMI >35 kg/m’ as morbid obese. Insulin resistance
(IR) was measured by homeostasis model assessment IR (HOMA-IR) score. The HOMA-IR score was calculated as
(fasting s?lrSL)Jm insulin (uU/mI) x [fasting plasma glucose (mg/ml)/18])/22.5 4 considering an abnormal HOMA-
index >2 *.

Laboratory investigations:-

A fasting venous blood sample (5 ml) was obtained under complete aseptic conditions from the antecubital vein at
the 1% visit to OPC and divided into two parts:
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1. The first was kept in a plane container and was left to clot then serum separated by centrifugation at 3000 rpm
for 5 min. and stored at —80°C.
2. The 2" part was collected in an EDTA containing tube for estimation of fasting blood glucose (FBG) level

Investigations:-

1. Blood glucose levels were estimated using glucose oxidase method

2. Estimations of plasma insulin concentrations were determined using a commercial ELISA kit (Mercodia
ELISA; ALPCO Diagnostics, Uppsala, Sweden) "),

3. Determination of serum IGFBP-3 level using the DSL-10-6600 ACTIVE™ IGFBP-3 ELISA (Diagnostic
System Laboratories, Webster, TX) ®©.

4. Determination of serum IGF-1 using a two-site immunoradiometric assay (IRMA) principle. The DSL-5600
IGF-1 (IRMA, Diagnostic System Laboratories, Webster, TX) @9,

5. Estimation of serum glycodelin concentrations were determined using a commercial ELISA kit (Myobiosource
ELISA; Myobiosource LLC, San Diego) ©?.

(16)

Statistical analysis:-

Obtained data were presented as mean+SD, ranges, numbers and ratios. Results were analyzed using paired t-test,
one-way ANOVA with post-hoc Tukey HSD Test and Chi-square test (X? test). Possible correlations were evaluated
using Spearman's correlation coefficient and these correlations were verified as sensitivity and specificity for
prediction of EPL using the receiver operating characteristic (ROC) curve analysis judged by the area under the
curve (AUC) compared versus the null hypothesis that AUC=0.05. Data were analyzed using Regression analysis
(Stepwise Method) to define the persistently significant predictors for occurrence of EPL among PCOS pregnant
women. Statistical analysis was conducted using the IBM SPSS (Version 23, 2015) for Windows statistical package.
P value <0.05 was considered statistically significant.

Results:-

During the observation period 58 primigravida PCOS women developed pregnancy loss and so were eligible for
evaluation, 13 were excluded and 45 were enrolled in the study as Study group. Another 45 primigravida PCOS
women completed the observation period uneventfully and were included as Control group (Fig. 1).

Eligibibity Eligible PCOS pregnant
 S——— women had PL during 1% 12-
&k GA (o~3§
Excluded (1=13) e e
; - BMI>)3 kg/m' (n=7)
Enrollment - Mubtiple pregnancy (n=3)
- Endocrinopathy (n=3)
Enrolled PCOS pregnast
Enrolled normal women had PL during 1% 12-wk
pregnant women (n=45) GA (u=43)
‘ Categorization
.
Coatrol group Study growp
(n=45) (n=45)

Follow-up

[
No Pregoancy lows All bad PL within 12
(n=4%) I wk GA (n=45)

Fig. (1): Flow chart of the study

Women of the study group were found to have significantly higher body weight, fasting blood glucose and HOMA-
IR score than control women. Moreover, the frequency of women had IR was significantly higher among women of
the study versus the control group. Other evaluated constitutional data showed non-significant difference between
women of both groups (Table 1).
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Table 1:- Patients' enrollment and IR data

Data Control group (n=45) Study group (n=45) P value
Age (years) 26.2+4.5 25.8+4.8 0.492
Weight (kg) 89+13.5 90.8+13.9 0.021
Height (cm) 165.2+3 166+3.2 0.735
Mean body mass index (kg/m°) 32.645 32.445.2 0.562
Fasting blood glucose (mg/dl) 114.1+£17.5 118.6+£18.8 0.008*
Fasting plasma insulin (mg/ml) 4.9+1.47 5.24+1.57 0.222
HOMA- | <2 34 (75.6%) 25 (55.5%) 0.046
IR >2 11 (24.4%) 20 (44.4%)

Mean HOMA-IR 1.49+0.49 1.95+0.55 0.006

Data are presented as mean+SD; *: significant difference

Estimated 4-wk GA serum levels of IGF-1 were significantly higher, while serum IGFBP-3 and Glycodelin A were
significantly lower in women of study versus control PCOS women (Table 2).

Table 2:- Laboratory data estimated at time of enrolment

Parameter Control group (n=45) Study group (n=45) P value
Serum IGF-1 (ng/ml) 121.8+47.5 187.6+57.8 0.001
Serum IGFBP-3 (ng/ml) 170.8+34.9 117.4+33.6 0.001
Glycodelin (ng/ml) 636.4+110 484.1+95.4 0.001

Data are presented as mean+SD

Development of EPL in primigravida PCOS women showed positive significant correlation with high FBG, HOMA-
IR score and high serum IGF-1 levels, while showed negative significant correlation with serum IGFBP-3 and
glycodelin A levels (Table 3).

Table 3:- Correlation between baseline data collected at the 4" wk GA and possibility of EPL in PCOS women

Variable Rho P

Age (years) 0.086 >0.05
Weight (kg) 0.171 >0.05
Mean body mass index (kg/m?) 0.069 >0.05
Fasting blood glucose (mg/dl) 0.255 0.015
Fasting plasma insulin (mg/ml) 0.090 >0.05
HOMA-IR score 0.078 0.035
Serum IGF-1 (ng/ml) 0.578 <0.001
Serum IGFBP-3 (ng/ml) -0.710 <0.001
Glycodelin (ng/ml) -0.802 <0.001

Rho: Spearmen's correlation coefficient; p<0.05 indicates significant and p>0.05 indicates non-significant
correlation; negative mark indicates negative correlation

ROC curve analysis of variable correlated with pregnancy loss defined high serum IGF-1 as significant sensitive
predictor, while low serum glycodelin A, IGFBP-1 and FBG as specific predictors with decreasing order of
significance (Table 4, Fig. 1).

Table 4:- ROC curve analysis of baseline levels of laboratory parameters estimated at the 4™ wk GA as early
predictors for pregnancy loss

Variable AUC (£SE) p 95% ClI

Fasting blood glucose (mg/dl) 0.353 (+0.058) 0.016 0.240-0.466
Serum IGF-1 (ng/ml) 0.166 (+0.042) <0.001 0.085-0.248
Serum IGFBP-3 (ng/ml) 0.910 (+0.032) <0.001 0.847-0.973
Glycodelin (ng/ml) 0.962 (+0.016) <0.001 0.931-0.994

AUC: Area under curve; Cl: Confidence interval; p<0.05 indicates significant difference versus the null hypothesis
that AUC=0.05
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Fig. 2:- ROC curve analysis of laboratory parameters estimated at the 4™ wk GA as predictors for PL in pregnant
PCOS women

Regression analysis defined low serum glycodelin A levels, decreased serum IGFBP-3 levels and high IGF-1 serum
levels as the significant predictors for EPL in primigravida PCOS women in decreasing order of significance (Table
5).

Table 5:- Regression analysis of serum levels of laboratory parameters estimated at the 4™ wk GA as predictors for
pregnancy loss

Parameter Model 1 Model 2 Model 3

p p p p p p
Glycodelin (ng/ml) 0.508 <0.001 0.581 <0.001 <0.784 <0.001
Serum IGFBP-3 (ng/ml) 0.419 <0.001 0.443 <0.001
Serum IGF-1 (ng/ml) -0.165 0.006

pB: Standardized Coefficient; p<0.05 indicates significant 3 value

In trial to define a helpful guide for prediction of PL in PCOS pregnant women, Kaplan-Meier analysis defined
serum values of 613.9, 158.1 and 198.8 ng/ml as the cutoff points for glycodelin A (Fig. 2), IGFBP-3 (Fig. 3) and
IGF-1 (Fig. 4) serum levels estimated at the 4™ week GA to predict a high possibility for PL (Table 7).

Table 7:- Kaplan-Meier analysis for cutoff points of estimated laboratory parameter for prediction of PR among
primigravida PCOS women

Parameter Mean SE 95% ClI

Glycodelin (ng/ml) 613.882 14.871 584.734-643.029
Serum IGFBP-3 (ng/ml) 158.146 4,918 148.506-167.785
Serum IGF-1 (ng/ml) 198..823 6.724 185.644-212.003

SE: Standard error; Cl: Confidence interval
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Fig. 3:- Cumulative fetal survival plot according to serum GdA levels estimated at the 4™ wk GA showing 612
ng/ml as cutoff point for differentiation between possibility to have PL or continued pregnancy after the 12" wk GA
in pregnant PCOS women
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Fig. 4:- Cumulative fetal survival plot according to serum IGFBP-3 levels estimated at the 4™ wk GA showing 158
ng/ml as cutoff point for differentiation between possibility to have PL or continued pregnancy after the 12" wk GA
in pregnant PCOS women

1868



ISSN: 2320-5407 Int. J. Adv. Res. 6(2), 1863-1872

4—

—I1Survival Function
+ Censored

Cum survival
N

1

T T T T T T
50 100 150 200 250 300

IGF-1 (ng/ml)

Fig. 5:- Cumulative fetal survival plot according to serum IGF-1 levels estimated at the 4™ wk GA showing 198
ng/ml as cutoff point for differentiation between possibility to have PL or continued pregnancy after the 12" wk GA
in pregnant PCOS women

Discussion:-

Early pregnancy loss (EPL) is a disastrous state with depressing psychological impacts on affected women
especially if recurrent. Infertile PCOS women are more vulnerable to EPL as documented by Nawaz & Rizvi @Y,
Al-Biate ®? and Banu et al. ® who reported EPL rates of 36%, 49.4% and 75%, respectively, among pregnant
women with PCOS. Joham et al. ® also documented that PCOS was not independently associated with EPL and
multiple coincident factors and events may predispose to or precede the development of EPL, so, the current study
aimed to evaluate the predictability of estimation of serum levels of GdA, IGF-1 and IGFBP-3 at the 4™ week of
gestation for development of EPL in pregnant women with PCOS.

Women of the study group showed significantly higher FBG and HOMA-IR score with significantly higher
frequency of women with high HOMA-IR score compared to control women. These findings indicated a
relationship between PCOS and both development and persistence of IR despite of control of PCOS-induced
hormonal disturbances as indicated by being pregnant. In line with these findings, Wang et al. ®® found women
with a history of recurrent Pregnancy loss (RPL) are at an increased risk for IR during the first trimester of a new
pregnancy and Cho et al. ®® reported that IR and PCOS are coincident events despite of the higher and more
variable score in women with anovulatory than women with ovulatory PCOS. Also, Celik et al. ®” documented that
compared with the control group; patients with RPL were more likely to have IR. Maryam et al. ®® observed
significant difference in fasting insulin levels between PCOS and control women with RPL and Li et al. ®® reported
that IR is associated with the susceptibility to RPL and may contribute its occurrence. Thereafter, Hong et al. ¢*
found woman with RPL who had no pre-conception abnormal glucose metabolism were liable to develop IR during
first trimester pregnancy than healthy women, so considered IR as a direct cause for RPL.

Four-wk GA serum IGF-1 levels were significantly higher with concomitant significantly lower serum levels of
IGFBP-3 in women of study versus control PCOS women. Moreover, statistical analyses defined high serum IGF-1
as significant sensitive, while low IGFBP-1 and high FBG as specific significant predictors for EPL in pregnant
PCOS women. In line with these findings, Kelly et al. ® reported significantly lower serum IGFBP-1 levels in
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PCOS women than controls and Luo et al. ®? found that miscarried PCOS patients showed significantly increased
free IGF index with decreased IGFBP-3 than in pregnant women had PCOS and a successful pregnancy.

These findings indicate less utilization of IGF-1 with subsequent decrease of its growth promoting effects on uterine
tissues leading to impaired placentation, decidual invasion and defective embryo implantation that may facilitate
induction of pregnancy-related complications up to EPL. In support of this assumption, Brazert & Pawelczyk ¢
using PCR detected the transcripts of the three IGF-1 isoforms in ovarian tissue of healthy controls and PCOS
patients, but expression of all isoforms was lower in control women compared to PCOS women and concluded that
PCOS is associated with increased ovarian expression of IGF isoforms that may underlie pathogenesis of PCOS.
Thereafter, Luo et al. ®? detected significantly increased expression of IGF-1 and decreased IGFBP-1 in the
deciduas of miscarried PCOS patients compared with non-PCOS and suggested that early miscarriage is associated
with increased IGF-1 and decreased IGFBP-1 in PCOS patients. Recently, in 2018, Zheng et al. ®* supposed that
excessive expression of the transcription factor PAX6 in insulin-challenged endometrial epithelial cells may
contribute to the uncontrollable endometrial epithelial proliferation that may predispose to EPL in women with
PCOS.

Estimated 4-wk GA serum levels GdA were significantly lower in women of study versus control PCOS women, are
negatively and significantly correlated with possibility of development of EPL and statistical analyses defined low
serum GdA as the highly significant specific predictor for EPL in primigravida PCOS women. These findings go in
hand with Giudice ®® who detected decreased levels of biomarkers of endometrial receptivity to embryonic
implantation, as GdA in PCOS women and with Toth et al. ®® who indicated that significantly reduced GdA
expression is associated with miscarriage. Also, Bastu et al. ©” detected significantly lower blood and tissue
measurements of GdA in women with recurrent implantation failure than in fertile women with a highly significant
correlation between blood and tissue levels of GdA.

In support of the high predictability of estimated serum GdA for possibility of having EPL, multiple studies assured
the determinant role of GdA for adequate endometrial receptivity, proper placentation and decreased chance of PL
where Li et al. ®® reported that GdA levels in uterine flushing of women with good uterine recepticvity was
significantly higher and rate of clinical pregnancy and term delivery were significantly high with significantly lower
spontaneous abortion rate than in women with poor receptivity. Tapia-Pizarro et al. ® found immunostaining for
GdA was significantly decreased in endometrial samples from women experienced repeatedly implantation failure.
Also, Uysal et al. “ reported that when GdA expression was high in PCOS group, the pregnancy rate was 60% and
all pregnancies ended in live births, while in weak expression group, EPL rate was 75% and concluded that
endometrial GAA expression is an important predictor of pregnancy outcomes in both PCOS and fertile groups. Lee
et al. “? attributed such role of GJA to the findings that GdA interacts by its unique carbohydrate side chains with
the cell surface of various cell types in the human fetomaternal interface and modulates their functions and
differentiation to permit successful pregnancy, and documented that abnormal GdA levels in the endometrium,
uterine flushings, and/or maternal serum correlate with unexplained infertility, early and recurrent pregnancy loss.

The relationship of increased frequency of EPL with low serum IGFBP-1 and GdA levels on one side and high
serum IGF-1 level on the other side spot light on a relation between disturbed endometrial receptivity and growth
controlling factors as a pathogenic basis for EPL and indicated the value of estimation of an array of markers to
predict EPL especially in this vulnerable group of infertile women. In line with these assumptions, Douglas et al. “?
reported that the GAA/IGFBP-1 ratio on the day of blastocyst transfer was higher in recipients who achieved
pregnancy. Senapati et al. “® documented that multiple marker panels especially including GdA aiming to
maximize sensitivity and specificity results in high accuracy for distinguishing pregnancy location and viability in
women at risk for early pregnancy complications.

Conclusion:-

Low serum GdA and IGFBP-3 levels and high IGF-1 levels estimated at the 4" wk GA may underlie the
development of EPL in pregnant PCOS women. Estimation of three markers as multiple marker panels could predict
EPL with high sensitivity and specificity. However, the supposed cutoff points need to be confirmed through wide
scale comparative study.

1870



ISSN: 2320-5407 Int. J. Adv. Res. 6(2), 1863-1872

References:-

1.

2.

3.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

McDonnell R, Hart RJ: Pregnancy-related outcomes for women with polycystic ovary syndrome. Womens
Health (Lond). 2017; 13(3):89-97.

Kamalanathan S, Sahoo JP, Sathyapalan T: Pregnancy in polycystic ovary syndrome. Indian J Endocrinol
Metab. 2013; 17(1):37-43.

Piltonen TT: Polycystic ovary syndrome: Endometrial markers. Best Pract Res Clin Obstet Gynaecol. 2016;
37:66-79.

Desai NA, Patel SS: Increased insulin-like growth factor-1 in relation to cardiovascular function in polycystic
ovary syndrome: friend or foe? Gynecol Endocrinol. 2015; 31(10):801-7.

Chen L, Xu WM, Zhang D: Association of abdominal obesity, insulin resistance, and oxidative stress in adipose
tissue in women with polycystic ovary syndrome. Fertil Steril. 2014; 102(4):1167-1174.

Baillargeon JP, luorno MJ, Apridonidze T, Nestler JE: Uncoupling between insulin and release of a D-chiro-
inositol-containing inositolphosphoglycan mediator of insulin action in obese women with polycystic ovary
syndrome. Metab Syndr Relat Disord. 2010; 8(2):127-36.

Street ME, Spaggiari C, Volta C, Ziveri MA, Viani I, Rossi M, Pisi G, Grzincich G, Bernasconi S: The IGF
system and cytokine interactions and relationships with longitudinal growth in prepubertal patients with cystic
fibrosis. Clin Endocrinol (Oxf). 2009; 70(4):593-8.

Sohma Y, Hua QX, Liu M, Phillips NB, Hu SQ, Whittaker J, Whittaker LJ, Ng A, Roberts CT Jr, Arvan P,
Kent SB, Weiss MA: Contribution of residue B5 to the folding and function of insulin and IGF-I: constraints
and fine-tuning in the evolution of a protein family. J Biol Chem. 2010; 285(7):5040-55.

Lee H, Oh JY, Sung YA: Adipokines, insulin-like growth factor binding protein-3 levels, and insulin sensitivity
in women with polycystic ovary syndrome. Korean J Intern Med. 2013; 28(4):456-63.

Schiefner A, Rodewald F, Neumaier I, Skerra A: The dimeric crystal structure of the human fertility lipocalin
glycodelin reveals a protein scaffold for the presentation of complex glycans. Biochem J. 2015; 466(1):95-104.
So KH, Lee CL, Yeung WS, Lee KF: Glycodelin suppresses endometrial cell migration and invasion but
stimulates spheroid attachment. Reprod Biomed Online. 2012; 24(6):639-45.

Khosla T, Lowe CR: Indices of obesity derived from body weight and height. Br J Prev Soc Med., 1967; 21:
121-8.

WHO expert consultation. Appropriate Body-mass index for Asian populations and its implications for policy
and intervention strategies. Lancet, 2004; 157-63.

Matthews DR, Hosker J, Rudenski A, Naylor B, Treacher D, Turner R: Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia,
1985; 28:412-9.

Ascaso JF, Romero P, Real JT, Priego A, Valdecabres C, Carmena R: Insulin resistance quantification by
fasting insulin plasma values and HOMA index in a non-diabetic population. Med Clin (Barc), 2001; 117: 530-
3.

Tinder P: Determination of blood glucose. Ann. Clin. Biochem.; 6:24, 1969.

Gordon C, Yates AP, Davies D: Evidence for a direct action of exogenous insulin on the pancreatic islets of
diabetic mice: islet response to insulin pre-incubation. Diabetologia, 1985; 28, 291-4.

Lamson G, Giudice I, Rosenfeld R: Insulin-like growth factor binding proteins:structural and molecular
relationships. Growth factors, 1991; 5: 19.

Underwood LE, Murphy MG: Radioimmunoassay of the somatomedins (IGF-1, IGF-2). In: Radioimmunoassay
in Basic and Clinical Pharmacology, Patrano C (ed.), Springer-Verlag, Heldberg.; Pp: 561, 1987.

Rausch M, Sammel S, Takacs E: Development of a multiple marker test for ectopic pregnancy. Obstetrics and
gynecology, 2011; 117: 573-82, 2011.

Nawaz FH, Rizvi J: Continuation of metformin reduces early pregnancy loss in obese Pakistani women with
polycystic ovarian syndrome. Gynecol Obstet Invest. 2010; 69:184-9.

Al-Biate MA: Effect of metformin on early pregnancy loss in women with polycystic ovary syndrome. Taiwan
J Obstet Gynecol. 2015; 54(3):266-9.

Banu J, Fatima P, Sultana P, Chowdhury MA, Begum N, Anwary SA, Ishrat S, Deeba F, Begum SA:
Association of infertile patients having polycystic ovarian syndrome with recurrent miscarriage. Mymensingh
Med J. 2014; 23(4):770-3.

Joham AE, Boyle JA, Ranasinha S, Zoungas S, Teede HJ: Contraception use and pregnancy outcomes in
women with polycystic ovary syndrome: data from the Australian Longitudinal Study on Women's Health. Hum
Reprod. 2014; 29(4):802-8.

1871



ISSN: 2320-5407 Int. J. Adv. Res. 6(2), 1863-1872

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Wang Y, Zhao H, Li Y, Zhang J, Tan J, Liu Y: Relationship between recurrent miscarriage and insulin
resistance. Gynecol Obstet Invest. 2011; 72(4):245-51.

Cho LW, Kilpatrick ES, Keevil BG, Jayagopal V, Coady AM, Rigby AS, Atkin SL: Insulin resistance
variability in women with anovulatory and ovulatory polycystic ovary syndrome, and normal controls. Horm
Metab Res. 2011; 43(2):141-5.

Celik N, Evsen MS, Sak ME, Soydinc E, Gul T: Evaluation of the relationship between insulin resistance and
recurrent pregnancy loss. Ginekol Pol. 2011; 82(4):272-5.

Maryam K, Bouzari Z, Basirat Z, Kashifard M, Zadeh MZ: The comparison of insulin resistance frequency in
patients with recurrent early pregnancy loss to normal individuals. BMC Res Notes. 2012; 5:133.

Li ZL, Xiang HF, Cheng LH, Cao YX, Wei ZL, Liu C, Hu JJ, Pan FM: Association between recurrent
miscarriages and insulin resistance: a meta analysis. Zhonghua Fu Chan Ke Za Zhi. 2012; 47(12):915-9.

Hong Y, Xie QX, Chen CY, Yang C, Li YZ, Chen DM, Xie MQ: Insulin resistance in first-trimester pregnant
women with pre-pregnant glucose tolerance and history of recurrent spontaneous abortion. J Biol Regul
Homeost Agents. 2013; 27(1):225-31.

Kelly CJ, Stenton SR, Lashen H: Insulin-like growth factor binding protein-1 in PCOS: a systematic review and
meta-analysis. Hum Reprod Update. 2011; 17:4-16.

Luo L, Wang Q, Chen M, Yuan G, Wang Z, Zhou C: IGF-1 and IGFBP-1 in peripheral blood and decidua of
early miscarriages with euploid embryos: comparison between women with and without PCOS. Gynecol
Endocrinol. 2016; 32(7):538-42.

Brazert M, Pawelczyk LA: Insulin-like growth factor-1 isoforms in human ovary. Preliminary report on the
expression of the IGF-1 gene in PCOS patients and healthy controls. Ginekol Pol. 2015; 86(12):890-5.

Zheng XR, Pan X, Zhang J, Cao X: Hyperinsulinemia-induced PAX6 expression promotes endometrial
epithelial cell proliferation via negatively modulating p27 signaling. Biomed Pharmacother. 2018; 97:802-8.
Giudice LC: Endometrium in PCOS: Implantation and predisposition to endocrine CA. Best Pract Res Clin
Endocrinol Metab. 2006; 20:235-44.

Toth B, Jeschke U, Rogenhofer N, Scholz C, Wirfel W, Thaler CJ, Makrigiannakis A: Recurrent miscarriage:
current concepts in diagnosis and treatment. J Reprod Immunol. 2010; 85(1):25-32.

Bastu E, Mutlu MF, Yasa C, Dural O, Nehir Aytan A, Celik C, Buyru F, Yeh J: Role of Mucin 1 and
Glycodelin A in recurrent implantation failure. Fertil Steril. 2015; 103(4):1059-1064

Li SC, Feng M, Nie QY, Nie QY, Pan P, Wu SM, Wu JH, Cheng SX, Kang JL, Guo ZW: Predictive value of
endometrial receptivity and pregnancy outcome by hysteroscopy examination at the phase of implantation
window in unexplained infertile women. Zhonghua Fu Chan Ke Za Zhi. 2010; 45(3):184-90.

Tapia-Pizarro A, Figueroa P, Brito J, Marin JC, Munroe DJ, Croxatto HB: Endometrial gene expression reveals
compromised progesterone signaling in women refractory to embryo implantation. Reprod Biol Endocrinol.
2014; 12:92.

Uysal S, Zeki Isik A, Eris S, Yigit S, Yalcin Y, Ozun Ozbay P: Correlation of endometrial glycodelin
expression and pregnancy outcome in cases with polycystic ovary syndrome treated with clomiphene citrate
plus metformin: a controlled study. Obstet Gynecol Int. 2015; 2015:278591.

Lee CL, Lam KK, Vijayan M, Kaoistinen H, Seppala M, Ng EH, Yeung WS, Chiu PC: The Pleiotropic Effect of
Glycodelin-A in Early Pregnancy. Am J Reprod Immunol. 2016; 75(3):290-7.

Douglas NC, Thornton MH 2nd, Nurudeen SK, Bucur M, Lobo RA, Sauer MV: Differential expression of
serum glycodelin and insulin-like growth factor binding protein 1 in early pregnancy. Reprod Sci. 2013;
20(11):1376-81.

Senapati S, Sammel MD, Butts SF, Takacs P, Chung K, Barnhart KT: Predicting first trimester pregnancy
outcome: derivation of a multiple marker test. Fertil Steril. 2016; 106(7):1725-1732.€3.

1872



	Title
	Introduction
	Methods
	Results
	Discussion
	References

