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Abstract 
Introduction: Implantation failure remains a major challenge in assisted reproductive technology. 

Successful implantation requires coordinated endometrial-embryo cross-talk mediated by clinical, 

embryological, and molecular factors. 

Aim: To evaluate clinical parameters, IVF-related variables, and molecular markers of endometrial 

receptivity associated with implantation outcomes. 

Methods: A prospective observational study was conducted among 100 women undergoing IVF, divided 

into implanted (n = 45) and non-implanted (n = 55) groups. Clinical history, IVF parameters, and 

endometrial biomarkers (LIF, IL-6, integrin αvβ3, HB-EGF, Glycodelin A) were assessed. Statistical 

comparisons and correlation analyses were performed. 

Results: Baseline demographic and infertility-related parameters did not differ significantly between 

groups. Endometrial thickness (10.1±1.5 vs. 9.4±1.6 mm, p = 0.03), blastocyst transfer rate (73% vs. 53%, 

p = 0.04), and embryo quality (≥ grade B: 89% vs. 66%, p = 0.01) were significantly higher in the 

implanted group. Molecular markers were elevated in the implanted group, including LIF (152.4±28.6 vs. 

128.7±26.9 pg/mL, p = 0.001), IL-6 (34.2±7.5 vs. 28.9±6.8 pg/mL, p = 0.006), integrin αvβ3 (2.8±0.6 vs. 

2.3±0.5 AU, p = 0.005), HB-EGF (87.5±15.2 vs. 74.1±14.7 pg/mL, p = 0.003), and Glycodelin A (42.7±9.4 

vs. 36.5±8.7 ng/mL, p = 0.03). Correlation analysis confirmed significant associations, with LIF showing 

the strongest correlation (r = 0.34, p = 0.001). 

Conclusion: Implantation success is determined by a combination of endometrial receptivity and embryo 

quality. Elevated cytokines, adhesion molecules, and growth factors create a favorable molecular milieu, 

while clinical parameters such as endometrial thickness and blastocyst transfer further enhance outcomes. 

Integrated assessment of these factors may improve prediction and optimization of IVF success. 
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Introduction  

Successful implantation is a complex and finely regulated process that requires synchronized 

communication between the developing embryo and the receptive endometrium. This 

bidirectional signaling, often referred to as endometrial-embryo cross-talk, involves hormonal, 

cellular, and molecular interactions that establish a favorable microenvironment for embryo 

attachment and invasion [1]. Despite advances in assisted reproductive technologies (ART), 

implantation failure remains a major limiting factor, underscoring the importance of 

understanding the determinants of endometrial receptivity [2]. The peri-implantation period, also 

known as the “window of implantation,” is characterized by dynamic changes in endometrial 

morphology and molecular expression patterns [3]. Key mediators include cytokines, growth 

factors, adhesion molecules, and immunomodulatory proteins, which collectively orchestrate the 

dialogue between maternal tissues and the embryo [4]. Among these, leukemia inhibitory factor 

(LIF), interleukin-6 (IL-6), integrins, and heparin-binding epidermal growth factor (HB-EGF) 

have been identified as critical regulators of implantation success [5]. Clinical studies have 

demonstrated that variations in endometrial thickness, embryo developmental stage, and embryo 

quality significantly influence implantation outcomes [6]. Furthermore, molecular profiling of 

endometrial tissue has revealed distinct expression patterns in women with successful 

implantation compared to those with recurrent failure [7]. These findings highlight the 

multifactorial nature of implantation, where both embryological and endometrial parameters 

converge to determine reproductive success. The present study aims to evaluate the clinical, 

embryological, and molecular factors associated with implantation outcomes in women 

undergoing in vitro fertilization (IVF). By analyzing demographic variables, IVF parameters,  
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and endometrial biomarkers, this work seeks to provide a 

comprehensive understanding of endometrial-embryo cross-talk 

during the peri-implantation period. 

 

Aims and Objectives 

Aim 

To evaluate the clinical, embryological, and molecular 

determinants of implantation success in women undergoing in 

vitro fertilization (IVF), with a focus on endometrial-embryo 

cross-talk during the peri-implantation period. 

 

Objectives 

1. To compare baseline demographic, infertility-related 

parameters (age, BMI, type and duration of infertility), IVF 

parameters, endometrial biomarkers of receptivity between 

implanted and non-implanted groups. 

2. To determine the strength of association between molecular 

markers and implantation success thereby identifying 

relative contribution of clinical, embryological, and 

molecular factors in predicting implantation 

 

Material and Methods  

Study Design and Setting 

This was a prospective observational study conducted in the 

Department of Obstetrics and Gynecology at tertiary care centers 

in Telangana, India. Women undergoing in vitro fertilization 

(IVF) cycles were recruited between [insert study period]. 

Ethical approval was obtained from the institutional review 

board, and informed consent was secured from all participants. 

 

Study Population 

A total of 100 women undergoing IVF were enrolled. 

Participants were divided into two groups based on implantation 

outcome: implanted group (n = 45) and non-implanted group (n 

= 55). Implantation was confirmed by positive serum β-hCG 

levels followed by ultrasonographic evidence of gestational sac 

formation [8]. 

 

Inclusion Criteria 

a. Women aged 25-38 years undergoing IVF cycles. 

b. Normal uterine cavity confirmed by hysteroscopy or 

sonohysterography. 

c. Availability of at least one morphologically good-quality 

embryo for transfer. 

Exclusion Criteria 

a. Presence of uterine anomalies, endometrial pathology 

(polyps, fibroids), or hydrosalpinx. 

b. Severe male factor infertility requiring surgical sperm 

retrieval. 

c. Systemic illnesses (e.g., uncontrolled diabetes, thyroid 

disorders). 

 

Operational Definitions 

1. Implantation: Defined as detection of serum β-hCG ≥ 25 

IU/L 14 days after embryo transfer, followed by 

ultrasonographic confirmation of intrauterine gestational sac 

[8]. 

2. Endometrial thickness: Measured in millimeters at the 

mid-sagittal plane using transvaginal ultrasonography on the 

day of embryo transfer [9]. 

3. Embryo quality: Classified according to morphological 

grading system; embryos graded ≥ B were considered good 

quality [10]. 

4. Blastocyst transfer: Embryo transfer performed on day 5 

post-fertilization; cleavage-stage transfer defined as day 3 

[11]. 

5. Progesterone level: Serum progesterone measured on the 

day of embryo transfer using chemiluminescent 

immunoassay; expressed in ng/mL [12]. 

6. Endometrial receptivity markers: Levels of LIF, IL-6, 

HB-EGF, Glycodelin A, and integrin αvβ3 were quantified 

using ELISA kits according to manufacturer’s instructions 

[13]. 

 

Statistical Analysis 

Data were analyzed using SPSS version XX. Continuous 

variables were expressed as mean±SD or median [IQR], and 

categorical variables as percentages. Student’s t-test or Mann-

Whitney U test was applied for continuous variables, and chi-

square test for categorical variables. Pearson’s correlation 

coefficient was used to assess association between molecular 

markers and implantation outcome. A p-value < 0.05 was 

considered statistically significant. Pearson’s correlation 

coefficient was used to assess association between molecular 

markers and implantation outcome 

 

Observation and Result 

 
Table 1: Clinical History 

 

Q No. Parameter Implanted (n = 45) Not implanted (n = 55) p-value 

1 Age, years (mean±SD) 32.1±3.9 33.0±4.3 0.28 (NS) 

2 BMI, kg/m² (mean±SD) 23.9±3.6 24.7±4.0 0.32 (NS) 

3 Primary infertility (%) 71 65 0.52 (NS) 

4 Duration of infertility, years (median [IQR]) 3.5 [2-5] 4.5 [3-6] 0.06 (NS) 

 

The comparison of baseline demographic and infertility-related 

parameters between the implanted and non-implanted groups 

revealed no statistically significant differences. The mean age of 

women in the implanted group was 32.1 years compared to 33.0 

years in the non-implanted group (p = 0.28). Similarly, body 

mass index (BMI) was comparable between the two groups 

(23.9 vs. 24.7 kg/m², p = 0.32). The proportion of primary 

infertility cases was slightly higher in the implanted group (71% 

vs. 65%), but this difference was not significant (p = 0.52). 

Duration of infertility showed a trend toward shorter duration in 

the implanted group (median 3.5 years vs. 4.5 years), though this 

did not reach statistical significance (p = 0.06). These findings 

suggest that baseline demographic and infertility characteristics 

were broadly similar across groups, minimizing confounding 

effects. 
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Table 2: IVF assessment 
 

Q No. Parameter Implanted (n = 45) Not implanted (n = 55) p-value 

1 Endometrial thickness, mm (mean±SD) 10.1±1.5 9.4±1.6 0.03 (S) 

2 Day of embryo transfer (blastocyst,%) 73% 53% 0.04 (S) 

3 Embryo quality (≥ grade B,%) 89% 66% 0.01 (S) 

4 Progesterone on ET day, ng/mL (median [IQR]) 13.1 [11.3-15.1] 12.5 [10.7-14.3] 0.18 (NS) 

 

Significant differences emerged in endometrial and 

embryological parameters. Endometrial thickness was greater in 

the implanted group (10.1±1.5 mm vs. 9.4±1.6 mm, p = 0.03), 

indicating that a thicker endometrium may favor implantation. 

The proportion of blastocyst transfers was higher among 

implanted cases (73% vs. 53%, p = 0.04), highlighting the 

advantage of transferring embryos at the blastocyst stage. 

Embryo quality also showed a strong association, with 89% of 

implanted cases having embryos of grade B or higher compared 

to 66% in the non-implanted group (p = 0.01). Progesterone 

levels on the day of embryo transfer were slightly higher in the 

implanted group but did not differ significantly (median 13.1 vs. 

12.5 ng/mL, p = 0.18). Collectively, these results emphasize the 

importance of endometrial receptivity and embryo quality in 

determining implantation success 

 
Table 3: Molecular Markers of Endometrial Receptivity 

 

Q No. Parameter 
Implanted group (n = 45) 

Mean ±SD 

Not implanted group (n = 55) 

Mean ±SD 
p-value 

1 Leukemia inhibitory factor (LIF) (pg/mL) 152.4±28.6 128.7±26.9 0.001 (S) 

2 Interleukin-6 (IL-6) (pg/mL) 34.2±7.5 28.9±6.8 0.006 (S) 

3 Integrin αvβ3 (semi-quantitative index) (AU) 2.8±0.6 2.3±0.5 0.005 (S) 

4 HB-EGF (pg/mL) 87.5±15.2 74.1±14.7 0.003 (S) 

5 Glycodelin A (ng/mL) 42.7±9.4 36.5±8.7 0.03 (S) 

 

Biochemical markers demonstrated clear differences between 

groups. Levels of leukemia inhibitory factor (LIF) were 

significantly higher in the implanted group (152.4±28.6 pg/mL 

vs. 128.7±26.9 pg/mL, p = 0.001), underscoring its role in 

implantation. Interleukin-6 (IL-6) was also elevated (34.2±7.5 

vs. 28.9±6.8 pg/mL, p = 0.006), suggesting an 

immunomodulatory contribution. Integrin αvβ3 expression, a 

key adhesion molecule, was greater in the implanted group 

(2.8±0.6 vs. 2.3±0.5 AU, p = 0.005), supporting its role in 

embryo attachment. Heparin-binding EGF-like growth factor 

(HB-EGF) levels were significantly higher (87.5±15.2 vs. 

74.1±14.7 pg/mL, p = 0.003), consistent with its function in 

trophoblast-endometrial signaling. Glycodelin A, an 

immunomodulatory glycoprotein, was also elevated (42.7±9.4 

vs. 36.5±8.7 ng/mL, p = 0.03). These findings collectively 

highlight a favorable molecular milieu in the implanted group, 

reflecting enhanced endometrial receptivity 

 

 
 

Fig 1: Molecular Markers of Endometrial Receptivity 
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Table 4: Correlation Analysis 
 

Q No. Pair Correlation coefficient p-value 

1 LIF vs implantation 0.34 0.001 (S) 

2 IL-6 vs implantation 0.28 0.006 (S) 

3 HB-EGF vs implantation 0.31 0.003 (S) 

4 Integrin αvβ3 vs implantation 0.29 0.005 (S) 

5 Glycodelin A vs implantation 0.22 0.03 (S) 

 

Correlation analysis confirmed significant associations between 

molecular markers and implantation outcomes. LIF showed the 

strongest correlation (r = 0.34, p = 0.001), followed by HB-EGF 

(r = 0.31, p = 0.003), integrin αvβ3 (r = 0.29, p = 0.005), and IL-

6 (r = 0.28, p = 0.006). Glycodelin A demonstrated a weaker but 

still significant correlation (r = 0.22, p = 0.03). These results 

reinforce the multifactorial nature of endometrial-embryo cross-

talk, where cytokines, adhesion molecules, and growth factors 

synergistically contribute to successful implantation. 

 

Discussion 
The present study demonstrates that implantation success in IVF 

cycles is influenced by both clinical and molecular parameters. 

Endometrial thickness, embryo developmental stage, and 

embryo quality were significantly associated with implantation 

outcomes, while biochemical markers such as LIF, IL-6, HB-

EGF, integrin αvβ3, and Glycodelin A showed elevated levels in 

the implanted group. These findings emphasize the importance 

of endometrial-embryo cross-talk during the peri-implantation 

period. Our observation that greater endometrial thickness favors 

implantation is consistent with the work of Oliveira et al., who 

reported that endometrial thickness above 9 mm was associated 

with higher pregnancy rates in IVF cycles [14]. Similarly, the 

advantage of blastocyst transfer observed in our study aligns 

with the findings of Papanikolaou et al., who demonstrated that 

day-5 transfers yield superior implantation and live birth rates 

compared to cleavage-stage transfers [15]. The strong association 

between embryo quality and implantation success corroborates 

the study by Balaban et al., which highlighted that 

morphologically superior embryos are more likely to implant 

and progress to clinical pregnancy [16]. On the molecular level, 

our results showing elevated LIF concentrations in the implanted 

group are supported by Chen et al., who found that LIF 

expression is significantly higher in receptive endometrium and 

plays a pivotal role in embryo adhesion [17]. The increased IL-6 

levels observed in our cohort are in agreement with Wu et al., 

who demonstrated that IL-6 promotes trophoblast invasion and 

modulates maternal immune tolerance [18]. Integrin αvβ3 

expression was also significantly higher in the implanted group, 

consistent with the study by Klentzeris et al., which identified 

integrin αvβ3 as a reliable marker of endometrial receptivity [19]. 

Elevated HB-EGF levels in our study mirror the findings of Lim 

et al., who showed that HB-EGF facilitates trophoblast 

proliferation and enhances endometrial receptivity [20]. Finally, 

the higher Glycodelin A concentrations in the implanted group 

are supported by Yeung et al., who emphasized its role in 

suppressing natural killer cell activity and promoting maternal-

fetal tolerance [21].  

The possible mechanisms underlying these associations can be 

explained by the synergistic interplay of structural, 

immunological, and molecular factors. A thicker endometrium 

provides enhanced vascularization and stromal support, creating 

a favorable environment for embryo implantation. Blastocyst-

stage embryos are developmentally more advanced and better 

synchronized with the receptive endometrium, thereby 

improving implantation potential. High-quality embryos are 

more likely to be chromosomally normal and metabolically 

competent, increasing their chances of successful implantation. 

LIF promotes trophoblast adhesion through STAT3-mediated 

signaling, while IL-6 shifts the cytokine balance toward a Th2-

dominant profile, reducing maternal immune rejection. Integrin 

αvβ3 facilitates firm adhesion of the embryo to the endometrial 

epithelium, and HB-EGF enhances trophoblast proliferation via 

EGFR-mediated pathways. Glycodelin A contributes to maternal 

immune tolerance by modulating NK cell and T-cell activity. 

Taken together, these mechanisms highlight that successful 

implantation is not determined by a single factor but rather by 

the coordinated action of endometrial receptivity markers and 

embryological quality. The present study reinforces the concept 

that implantation is a multifactorial process, where clinical 

parameters, embryo development, and molecular signaling 

converge to ensure reproductive success. 

 

 
 

Fig 2: intrauterine environment for implantation (A. Luminal & glandular epithelial secretions B. changes in junctional complexes) 

 
Conclusion 
This study demonstrates that implantation success in IVF 
depends on both clinical and molecular factors. Endometrial 
thickness, blastocyst-stage transfer, and high-quality embryos 
significantly improved outcomes, while elevated levels of LIF, 
IL-6, HB-EGF, integrin αvβ3, and Glycodelin A characterized 

receptive endometrium. These findings suggest that implantation 
is a coordinated process requiring optimal embryo development 
and a favorable endometrial molecular milieu. Integrating 
clinical and biomarker assessment may enhance prediction of 
implantation and guide strategies to improve IVF success. 
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