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Background: Diminished ovarian reserve (DOR) remains a significant challenge in IVF, as it is closely associated with poor ovarian
response. Beyond well-established predictive of ovarian response, genetic polymorphisms in the FSH receptor (FSHR) gene rs6165
and rs6166 have been reported as potential markers.

Purpose: Evaluating the expression of FSHR rs6165 and rs6166 in DOR patients and their impact on ovarian response to stimulation.
Materials and Methods: This prospective cross-sectional included 79 DOR patients (AMH < 1.2 ng/mL and/or AFC < 5)
undergoing IVF treatment at the National Hospital of Obstetrics and Gynecology, Vietnam. GnRH antagonist protocol was applied,
using alpha follitropin with individualized dosages combined with clomiphene citrate, followed by dual-trigger ovulation induction.
FSHR rs6165 and rs6166 were genotyped by Next-Generation Sequencing (NGS) assays, with Sanger sequencing for validation.
Ovarian response was assessed based on follicular development and oocyte retrieval.

Results: The overall prevalence of the rs6165 and rs6166 polymorphisms was 10.1% (8/79), with strong linkage disequilibrium observed
between the two loci (OR = 490, p < 0.0001). No significant differences in age, AMH, baseline FSH, and AFC were found in all
genotypes (AA, AG, GG) of rs6165 and rs6166. In the rs6165 dominant model, patients with G alleles (AG/GG) had lower total oocyte
retrieval, FOI and FORT than the AA genotype. In rs6166 codominant, dominant, and recessive models, the GG phenotype retrieved
fewer oocytes (pl = 0.02, p2 = 0.03, p3 = 0.01). FORT was significantly lower in G allele carriers (AG/GG) than AA (p = 0.04).
Conclusion: In the diminished ovarian reserve patients, FSHR rs6165 and rs6166 were associated with ovarian response to
stimulation in IVF treatment. Specifically, the presence of G alleles in both rs6165 and rs6166 was correlated with reduced oocyte
retrieval, independent of baseline ovarian reserve markers.
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Introduction

Diminished ovarian reserve (DOR) remains a significant challenge in IVF, ranging from 6% to 64%, as it is closely
associated with poor ovarian response.' Diminished ovarian reserve (DOR) is a condition characterized by a decline in
the ovarian follicle pool, often accompanied by menstrual irregularities, ovulatory dysfunction, and, in severe cases,
impaired organ and systemic function due to low estrogen levels.® Ovarian reserve assessment typically includes
measurements such as antral follicle count (AFC) and serum levels of anti-Miillerian hormone (AMH), follicle-
stimulating hormone (FSH), and inhibin B. In 2020, the Practice Committee of the American Society for
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Reproductive Medicine (ASRM) identified AMH and AFC as the most sensitive and reliable biomarkers for evaluating
ovarian reserve.® In addition to factors affecting ovarian reserve, such as age, genetic abnormalities, and ovarian-
damaging conditions like endometriosis and pelvic infections, iatrogenic factors including ovarian surgery, chemother-
apy, and pelvic radiation also play a significant role. Moreover, environmental and lifestyle factors, such as smoking,”®
have been linked to diminished ovarian reserve. Notably, genetic variations in the FSHR gene, particularly the rs6165 and
156166 polymorphisms, have been investigated for their potential impact on ovarian response.’

Follicle-stimulating hormone (FSH) is a glycoprotein that is synthesized and released from the anterior pituitary gland
and regulated by gonadotropin-releasing hormone (GnRH). FSH acts directly by binding to FSH receptors (FSHR) on the
plasma membrane of granulosa cells in the ovaries. After that, hormonal signals enter the cells, stimulate follicular
development, and play a crucial role in regulating the ovarian cycle.'” Recent research has also emphasized the
significant impact of FSHR polymorphisms on ovarian functions, including follicle maturation and
steroidogenesis.'""'* In situ hybridization experiments have demonstrated that the human FSH gene is located on
chromosome 2p21-p16.'*'* Although various mutations such as Ile160Thr, Ala189Val, and Asn1911le have been studied
to predict the ability of FSH inhibition, two common single-nucleotide polymorphisms (SNPs) located in the coding
region (exon 10) of the FSHR gene have been associated with ovarian response to FSH stimulation.'> The first SNP is
rs6165, which has allele G at position 919 (c.919G>A), leading to a codon 307 substitution from threonine (ACT) to
alanine (GCT), whereas the second variant is rs6166 with allele G at position 2039 (¢.2039G>A), resulting in a codon
680 substitution from serine (AGT) to asparagine (AAT).'°

As has been reported, previous authors have favored the GnRH antagonist protocol with high doses of FSH (300—450
IU/day) to optimize the number of retrieved oocytes.'”'® However, the OPTIMIST trial reported that a higher FSH dose
(450 IU vs 150 IU) does not improve live birth rates, while it increases costs for poor ovarian reserve women.'® Studies
related to DOR and FSHR gene polymorphism in ovarian stimulation are limited to date. Hence, this study aims to
evaluate the expression of FSHR polymorphisms rs6165 and rs6166 in DOR patients and their influence on ovarian
stimulation response with the hypothesis that carriers of the G allele in either polymorphism (rs6165 or rs6166) will
exhibit a reduced ovarian response to stimulation, independent of baseline ovarian reserve markers.

Materials and Methods
Study Design and Subjects

This cross-sectional study investigates specific FSHR gene polymorphisms and characterizes the study population.
Eligible participants were DOR, defined by AFC < 5 and/or AMH < 1.2 ng/mL, who were provided informed consent.

Conducted from March 2023 to March 2025, the study enrolled 79 patients undergoing in vitro fertilization (IVF) at
the National Hospital of Obstetrics and Gynecology, Hanoi, Vietnam. Patients with a history of ovarian surgery, ovarian
pathologies (endometriosis, ovarian tumors), uterine abnormalities (fibroids, endometrial polyps), or chronic conditions
(autoimmune diseases, renal/endocrine disorders) were excluded.

The genotypic analysis confirmed that rs6165 and rs6166 polymorphisms adhered to Hardy-Weinberg equilibrium
(HWE) (p > 0.05), indicating a genetically stable distribution in this cohort.

Ovarian Stimulation Protocol

From day two of menstrual cycles, patients underwent ovarian stimulation using alpha follitropin (Gonal-f, Merck
Serono, Italy) with a starting dosage from 150 UI to 225 IU per day. Besides, clomiphene citrate 100 mg/day (Vacitus,
Incepta Pharmaceuticals, Bangladesh) was administered for the initial five days of the stimulation period.

Serial transvaginal ultrasonography (TVUS) was performed to monitor ovarian response, which allows adjusting as
needed. Gonadotropin-releasing hormone antagonist (Cetrotide, Merck Serono, Italy) was utilized when having follicles
with a diameter exceeding 12 mm. A cycle cancellation was defined as the absence of follicles with a diameter greater
than 12 mm by day 8 of gonadotropin administration.

Dual-trigger protocol including subcutaneous administration of 0.25 mg recombinant human chorionic gonadotropin
(Ovitrelle, Merck Serono, Italy) and 0.2 mg Gonadotropin-releasing hormone agonist (Diphereline, Ipsen Pharma,
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France) was used for oocyte maturation when having one to two follicles with a diameter exceeding 17 mm. Oocyte
retrieval was performed under transvaginal ultrasound guidance 36 hours after trigger.

The aspirated follicular fluid was immediately transferred to the IVF laboratory to collect cumulus-oocyte complexes
(COCs), which were isolated and cultured in fertilization media under controlled conditions. Mature oocytes underwent
intracytoplasmic sperm injection (ICSI), followed by incubation for fertilization assessment. Embryos were cultured to
the blastocyst stage and assessed for quality according to the Istanbul consensus (2011) before transfer or
cryopreservation.

The study was approved by the Ethics Committee of Hanoi Medical University and the hospital under decision IRB-
VNO01.001/IRB00003121/FWA00004148, issued on March 23, 2023.

Genetic Analysis

Blood samples were collected before oocyte retrieval following standard protocols, with no additional venipunctures.
Samples were stored at —80°C until genotyping. Genomic DNA was extracted from EDTA-treated whole blood using the
QIAamp DNA Blood Mini Kit (QIAGEN, Germany).

Target FSHR SNPs (rs6165, rs6166) were genotyped using NGS assays, with Sanger sequencing for validation.
Specific primers (Table 1) were designed via PRIMER-BLAST and PCR was performed under standard thermal cycling
conditions. Amplified products were sequenced on the ABI3500 system, and genotyping was analyzed using MiSeq
Reporter software.

Genetic Parameters and Clinical Outcomes

Genetic Parameter

The prevalence of rs6165 and rs6166 variants in Vietnamese infertile women undergoing in vitro fertilization (IVF) in the
DOR patients groups.

Clinical Outcome

The impact of rs6165 and rs6166 variants on ovarian response in this cohort, assessed by: The impact of rs6165 and
rs6166 polymorphisms on ovarian response in this cohort, assessed by: Duration of ovarian stimulation; total FSH dose
administered; total number of oocytes retrieved; follicle Output Rate (FORT): A dynamic marker reflecting ovarian
responsiveness to controlled ovarian stimulation. FORT is calculated as the ratio between pre-stimulation AFC and the
number of growing follicles on the trigger day. [FORT = (Number of follicles > 11 mm on trigger day) / (Baseline AFC)]
x100. This index has been proposed as a predictor of ovarian sensitivity to gonadotropins, especially in poor
responders.’*?! Follicular Oocyte Index (FOI): A measure of follicular recruitment efficiency, defined as the ratio
between the total number of oocytes retrieved and the number of follicles > 11 mm on the day of trigger [FOI =
(Total oocytes retrieved)/(Follicles > 11 mm on trigger day)] x 100. FOI helps evaluate the efficacy of follicular-oocyte

transition, which may be affected by genetic factors, including FSHR polymorphisms.****

Statical Analysis
Statistical analyses were performed using Stata 17.0. Normal distribution was assessed using the skewness-kurtosis test.
Continuous variables were reported as mean + standard deviation (SD) if normally distributed and median (interquartile

range, IQR) otherwise. Categorical variables were summarized as frequencies and percentages. Group comparisons were

Table | Specific Primers for Detecting rs6165, rs6166

Polymorphism | F-Primer Sequence R-Primer Sequence
rs6165 TCAAGGGCAGGTATGATGTG | GCAGGTAGATTCCAATGCAG
rs6166 AGTGTGGCTGCTATGAAATG | GGTGCTTCTCTGGGAAATTC
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conducted using the ¢-test or Wilcoxon rank-sum test for two groups and one-way ANOVA or the Kruskal-Wallis H-test
for three or more groups. A p-value < 0.05 was considered statistically significant.

Results

Demographics

This study enrolled 79 female participants who fulfilled the inclusion and exclusion criteria. The study exhibited a mean
age of 35.50 + 4.66 years and a mean body mass index (BMI) of 22.15 + 4.89 kg/m?. Regarding ovarian reserve, the
mean level of baseline FSH, AMH, and AFC were 8.64 + 3.08 IU/L, 0.73 £+ 0.32 ng/mL, and 7.29 + 3.26, respectively.
The average FSH total dose was 1800.25 + 456.04 U with 86.94 TU per day. Statistical analysis demonstrated no
significant differences in age, BMI, or ovarian reserve parameters (FSH, AMH, AFC) across the AA, AG, and GG

genotypes, in both codominant, dominant, and recessive genetic models.

Genotypic Distribution of rs6165 and rsé6166 and Their Correlation

The genotypic distribution of rs6165 and rs6166 across the investigated genetic models was shown in Figure 1A. The
AA/AG genotypes of the both rs6165, rs6166 were more abundant than the GG genotype (89.9% vs 10.1%). A strong
genetic linkage was identified between these polymorphisms. Notably, individuals with the GG genotype in rs6165 were
490 times more likely to also carry the GG genotype in rs6166 (p < 0.0001), and the same association was observed in
the reverse direction (Figure 1B).

The rs6165 Polymorphism in Diminished Ovarian Reserve Patients Undergoing
Ovarian Stimulation

Table 2 describes the demographic characteristics and the association between genotypes of rs6165 and ovarian
response in the cohort undergoing ovarian stimulation. In the dominant genetic model, the number of oocytes retrieved
for the AA genotype was significantly higher than the AG/GG genotypes (5.73 + 2.72 vs 4.63 £ 2.81, p = 0.04).
Consistent with the finding, the Follicular Output Rate (FORT) and Follicular Oocyte Index (FOI) were higher in the
AA genotype (73.27 = 30.95 and 84.28 + 35.00, respectively) than in the AG/GG genotypes (60.13 + 34.29 and 67.18
+40.41, respectively) (p = 0.05 and p = 0.03). Additionally, the mean duration of ovarian stimulation was longer in the
AA/AG genotypes (9.76 £ 1.44 days) compared to the GG group (8.63 = 1.3 days) (p = 0.05). However, no significant
difference was found between the AA and the AG/GG genotypes concerning the mean antral follicle count (AFC),
number of metaphase I (MII) oocytes retrieved, or the ratio of MII oocytes retrieved from AFC.

(A) (B)

100%
80%
60%
40%

20%

Rs6165 Rs6166 Rs6165 Rs6166
mAA BAG mGG BAA/AG B GG

Figure | Genotypic distribution (A) and correlation of rs6165 and rs6166 (B).
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Table 2 Analysis of rs6165 Polymorphism in DOR Patients Undergoing Ovarian Stimulation Across Three Genetic Models

Rs6165

Characteristic

Codominant Model

Dominant Model

Recessive Model

AIA A/G G/G p A/A AIG - G/IG p AIA - AIG G/G p
Age (years) 3481 £ 5.17 35.64 + 430 38.12 + 3.09 0.18 | 3481 £5.17 35.64 + 4.30 0.19 35.21 + 476 38.125 + 3.09 0.04
BMI 2225 £ 3.21 22.18 + 6.57 21.59 £ 3.60 0.48 | 2225+ 3.21 22.18 + 6.57 0.48 22.22 + 5.06 21.59 + 3.60 0.78
AMH (ng/mL) 0.72 £ 0.29 0.75 £ 0.34 0.63 £ 0.36 0.63 | 0.72 £ 0.29 0.75 £ 0.34 0.63 0.73 £ 0.31 0.63 £ 0.36 0.18
AFC 7.08 £ 2.54 744 +2.87 7.50 + 6.86 059 | 7.08 + 2.54 744 £ 2.87 0.59 7.25 £ 2.69 7.50 £ 6.86 0.33
Outcome Codominant Model Dominant Model Recessive Model

A/A A/G G/G p A/A AIG/GIG p A/A - AIG G/G p
FSH total dose (IU/L) 1814.19 £ 504.68 | 1880.15 + 479.53 1637.5 + 485.14 045 | 1814.19 £504.68 | 1833.93 +£484.32 | 0.43 1845.78 + 490.41 1637.5 + 485.14 0.13
Ovarian stimulation duration (days) | 9.59 + 1.34 9.94 £+ 1.54 863 % 1.3 0.07 | 959+ 1.34 9.69 £ 1.57 0.64 9.76 £ 1.44 863 % 1.3 0.04*
Total retrieved oocyte 573 £2.72 485 %29 3.57 £223 0.12 | 573 +272 4.63 £ 238l 0.04* | 531 £2.82 3.57 £223 0.06
Number of MIl ococyte retrieve 3.54 + 247 342 + 278 2.86 + 2.04 0.69 | 3.54 + 247 3.33 £ 265 0.44 349 £ 2.6 2.86 + 2.04 0.57
FOI 84.28 + 35.00 69.14 £ 41.05 58.15 £38.89 0.12 | 84.28 + 35.00 67.18 £ 40.41 0.03* | 78.08 + 39.01 58.15 + 38.89 0.11
MIl oocyte per AFC 0.54 + 0.34 0.47 + 0.37 0.49 + 0.36 049 | 0.54 + 034 0.47 £ 0.36 0.25 051 +£0.36 0.49 + 0.36 0.97
FORT 73.27 £ 30.95 59.08 + 35.68 65.21 * 31.47 0.23 | 73.27 + 30.95 60.13 £+ 34.70 0.04* | 66.90 + 34.29 65.21 + 31.47 0.47
Rate MIl/ total oocyte 0.6 £ 0.29 0.7 £ 0.34 0.82 £ 0.2 0.09 | 0.6 +0.29 0.72 £ 0.32 0.04* | 0.65 £ 0.31 0.82 £ 0.2 0.19

Note: *p value less than 0.05.

Abbreviations: BMI|, Body Mass Index; AMH, Anti-Miillerian Hormone; AFC, Antral Follicle Count; FSH, Follicle-Stimulating Hormone; FOI, Follicle to Oocytes Index; FORT, Follicular Output Rate; MIl, Metaphase Il

oocyte.
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The rs6166 Polymorphism in Diminished Ovarian Reserve Patients Undergoing

Ovarian Stimulation

As shown in Table 3, the AA genotype retrieved significantly higher total oocytes than the AG and GG genotypes (5.75 £
2.61 vs 493 £3.04 vs 2.71 £ 1.11, p = 0.02, respectively) in all three models. In the codominant and recessive models,
the duration of stimulation in the GG genotype was significantly shorter than in the AA/AG genotypes (p=0.01). In the
dominant and recessive models, the FOI was significantly higher in the AG/AA genotypes when compared to the GG
genotype (82.95 + 33.85 vs 67.23 + 42.16, p = 0.04 and 78.08 + 39.01 vs 48.63 + 21.84, p = 0.03), there were no
significant differences regarding the FORT among the three genotypes. Interestingly, the dominant model revealed
a higher maturity rate for the GG and AG genotypes (0.71 = 0.34) compared to the AA genotype (0.62 = 0.27, p = 0.05).

Discussions

Compared to Polyzos et al, our cohort had a similar BMI but was significantly older, with lower AMH and AFC levels.
This difference is possible that our study included patients DOR in Viet Nam whereas Polyzos et al excluded PCOS
patients (Rotterdam criteria) and those with AMH <1.1 ng/mL and AFC <9. Consequently, our outcomes total oocytes
retrieved (5.15 + 2.79), FORT (66.38 £.33.25), and FOI (75.23 + 38.41) were lower than those reported by Polyzos et al.
However, despite targeting poor responders, FOI and FORT still exceeded 50%, possibly due to subjectivity in AFC
assessment via ultrasound, leading to underestimation.”* Comparing other recently published data, the specific combina-
tions of FSHR rs6165 and rs6166 genotypes may influence follicular output index (FOI) and oocyte yield, especially in
normo-responders under 38 years old.>> Compared to Hussein et al, our cohort was older, had lower BMI, and exhibited
higher AMH and AFC levels, likely due to differing poor responder definitions, while Hussein et al included only
patients with AMH <0.5 ng/mL and/or AFC <5, whereas we encompassed a broader DOR population.”® In 2023,
a prospective multicenter study demonstrated a significant difference in the ratio of total gonadotropin consumption to the
number of oocytes retrieved among three genotypes of FSH receptor (FSHR) rs6165 and FSHR rs6166 carriers (p =
0.05). Specifically, this ratio was lower in homozygous A/A carriers compared to homozygous G/G and heterozygous
carriers.”’

Hussein et al studied 210 Iraqi women (aged 20-35 years), including 70 poor ovarian responders, and reported an
rs6165 TT genotype frequency (equivalent to GG in our study) of 18.4%, comparable to our GG frequency (p = 0.165,
Fisher’s exact test). Similarly, Polyzos et al analyzed 168 European and 200 Asian IVF patients, including a Vietnamese
cohort, and found significant ethnic differences in rs6165 and rs6166 distribution (p < 0.001). Among Europeans, the
AA, AG, and GG frequencies for rs6165 were 26.8%, 50.0%, and 23.2%, while in Asians, they were 20.0%, 35.5%, and
44.5%, respectively (Figure 2A). The rs6166 frequencies were 45.0% (AA), 45.5% (AG), and 9.5% (GG) in Asians
(Figure 2B). Our 156166 genotype frequency aligned with Polyzos’ Vietnamese cohort (p > 0.05), but rs6165 frequency
was lower (p = 0.02), likely due to differences in patient selection. Our study focused on DOR patients, whereas Polyzos
et al included a broader population.” In the poor responder subgroup (oocytes <10) from Polyzos’ study, the rs6166 GG
genotype frequency was 28.2% in Europeans and 26.3% in Asians, while for rs6165, it was 30.8% and 19.1%,
respectively. In contrast, our study reported a GG frequency of 10.1% for both rs6165 and rs6166. The rs6165 frequency
was comparable (p = 0.18), but rs6166 was significantly lower (p = 0.03, Chi-square test), likely due to stricter inclusion
criteria in our study (DOR patients, AMH <1.2 ng/mL, AFC <5) compared to Polyzos et al, who included a broader poor
responder range (AMH <1.1 ng/mL, AFC <9). These findings highlight the variability in rs6165 and rs6166 frequencies
due to ethnicity, geography, and patient selection, underscoring the need for population-specific genetic studies in
reproductive medicine.

Analysing of FSHR rs6165 genotype associations with ovarian response, across codominant, dominant, and recessive
genetic models, no statistically significant differences were observed in age, BMI, AMH levels, AFC, or baseline FSH
levels among the AA, AG, and GG genotypes. In the dominant model, the AA genotype was associated with a higher
total oocyte retrieval, Follicular Output Rate (FORT), and Follicular Oocyte Index (FOI) compared to the combined AG/
GG genotype group (p < 0.05). However, the number of metaphase II (MII) oocytes and the MII oocyte-to-AFC ratio
exhibited no significant intergroup differences. The MII oocyte-to-total oocyte ratio was numerically lower in the AA
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Table 3 Analysis of rs6166 Polymorphism in DOR Patients Undergoing Ovarian Stimulation Across Three Genetic Models

Rsé6166

Characteristic

Codominant Model

Dominant Model

Recessive Model

AJA AIG G/IG p AJA AIG - G/G P AIA - AIG GIG P
Age (years) 34,70 + 5.07 36.03 + 4.35 37.5+338 0.22 34,70 + 5.07 36.33 + 435 0.06 3528 + 4.78 37.5+338 0.10
BMI 21.81 + 287 22.59 +3.75 2222 + 434 0.93 22.59 + 2.87 22.52 + 641 0.73 22.15 + 5.01 22.22 + 434 0.99
AMH (ng/mL) 0.71 £0.28 0.77 £ 0.36 0.62 + 0.37 0.45 0.71 £0.28 0.74 £ 0.36 0.35 0.74 + 0.32 0.62 + 0.37 0.16
AFC 7.18 + 2.41 7.45 +2.96 7.13 + 7.04 0.37 7.18 + 2.41 7.38 + 4.01 0.68 7.30 + 2.65 7.13 £ 7.04 0.16
Outcome Codominant model Dominant model Recessive model

AA AIG GIG P A/A AIG/GIG P AIA - AIG GIG P
FSH total dose (IU/L) 1755.63 + 455.54 | 1952.42 + 522.23 1675 + 48458 | 0.16 1755.63 + 455.54 1895.51 + 521 | 0.10 1841.55 + 492.1 1675 + 484.58 | 0.18
Ovarian stimulation duration (days) | 9.6 + 1.34 10.03 £ 1.52 838+ I.19 0.01% | 9.6 + 1.34 9.69 + 1.59 0.77 9.79 + 1.42 838+ I.19 0.01*
Total oocyte retrieved 5.75 + 2.61 4.93 + 3.04 271 111 0.02% | 5.75 + 2.6l 451 £29 0.03* | 5.4 +28I 271 % 111 0.01*
Number of MIl oocyte retrieve 3.63 £ 239 3.47 £ 296 2.14 £ 0.9 0.29 3.63 £ 239 322 £273 0.22 3.56 +2.63 2.14 £ 09 0.20
FOI (Oocyte per AFC) 82.95 + 33.85 71.57 + 44.77 48.63 + 21.84 0.07 82.95 + 33.85 6723 £ 42.16 | 0.04* | 78.08 + 39.01 48.63 + 21,84 0.03*
MIl oocyte per AFC 0.53 £ 0.33 0.48 + 0.41 0.42 + 0.22 0.52 0.53 £ 0.33 0.47 +0.38 0.26 0.51 +0.36 042 £0.22 0.74
FORT (Follicles 14mm/AFC) 70.23 £ 31.31 62.60 + 37.89 58.60 * 22.14 0.51 70.23 £ 31.31 61.76 + 3531 0.13 66.90 + 34.29 58.06 +22.14 0.25
Rate oocyte MII/ total oocyte 0.62 + 0.27 0.68 + 0.36 0.83 +0.22 0.09 0.62 + 0.27 0.71 + 0.34 0.04* | 0.64 + 031 0.83 +0.22 0.11

Note: *p value less than 0.05.

Abbreviations: BMI|, Body Mass Index; AMH, Anti-Miillerian Hormone; AFC, Antral Follicle Count; FSH, Follicle-Stimulating Hormone; FOI, Follicle to Oocytes Index; FORT, Follicular Output Rate; MIl, Metaphase Il

oocyte.
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Figure 2 Geographic distribution of rs6165 (A) and rs6166 (B) genotype frequency.

genotype, likely due to a higher total oocyte count and slightly lower AFC, though this difference was not statistically
significant (p = 0.95). Stimulation duration was longer in the AA and AG groups than in the GG group (p = 0.05),
suggesting that faster follicular development in the GG genotype may indicate a less favorable ovarian response,
potentially due to genetic factors. The rs6165 variant results from a G-to-A substitution at position 49,191,041 on
chromosome 2, leading to a threonine-to-alanine change at position 307 of the FSH receptor. This alteration replaces
a polar residue with a non-polar, hydrophobic one, potentially disrupting a glycosylation site, reducing FSH binding
affinity, and impairing ovarian response.”*~° The 2022 Delphi Consensus reported that the GG genotype (Ala/Ala) was
linked to fewer retrieved oocytes, lower MII oocyte counts, and a shorter stimulation duration than the AA (Thr/Thr) and
AG (Ala/Thr) genotypes. However, in our cohort of poor ovarian responders (POSEIDON Groups 3 and 4), the AA
genotype was associated with a higher total oocyte yield, while the number of MII oocytes did not differ significantly
among genotypes. The shorter stimulation duration in the GG group aligns with previous findings.** 2

Across codominant, dominant, and recessive models, the AA genotype was associated with a significantly higher
total oocyte yield than the AG and GG groups, indicating that the A allele favors better ovarian response. In both
dominant and recessive models, FOI was higher in A-containing genotypes, whereas AFC and FORT showed no
significant differences. In the dominant model, the MII oocyte rate was higher in G carriers, likely due to a lower AFC
in the AA group, though this difference was not statistically significant. As previously described, the AG/GG group
had a lower total oocyte yield. In both codominant and recessive models, the GG genotype was linked to shorter
stimulation duration and fewer follicles retrieved, though oocyte yield remained consistent. These findings align with
the Delphi Consensus, which reported higher basal gonadotropin levels, increased r-hFSH consumption, lower
estradiol levels on hCG day, fewer retrieved oocytes, and a higher incidence of hypo-responders in Ser/Ser (GG)
carriers versus Asn/Asn (AA). However, in our study, baseline gonadotropin levels and total FSH consumption did not
significantly differ, possibly due to the exclusive focus on DOR patients or a limited sample size.>'**> Overall, the
A genotype was associated with a better ovarian response, while the GG genotype correlated with a shorter stimulation
duration in both codominant and recessive models. This suggests that an excessively short stimulation duration may
predict poor ovarian response. The rs6166 variant (Asn680Ser) results from an A-to-G substitution at position
49,189,921 on chromosome 2, replacing asparagine with serine in the FSHR intracellular domain. This alteration
affects a potential phosphorylation site, impacting FSHR binding and ovarian response. Despite these genetic varia-
tions, total exogenous FSH dose and daily FSH dose did not differ significantly across models, likely due to the study’s
exclusive focus on POSEIDON 3 and 4 patients, who received an already optimized low-dose stimulation
protocol. %

This work had several limitations, such as a relatively small sample size, the population-specific nature of the cohort,
and potential residual confounding, such as ultrasound variability in AFC assessment; however, the finding of this work
was useful for clinical relevance. Firstly, genotyping of FSHR rs6165 and rs6166 may support personalized ovarian
stimulation protocols by predicting ovarian response in patients with diminished ovarian reserve (DOR), particularly
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within POSEIDON groups 3 and 4. Secondly, the AA genotype of rs6165 is associated with higher total oocyte yield,
FOI, and FORT, whereas the GG genotype tends to correlate with shorter stimulation duration and poorer ovarian
response, indicating the need for closer monitoring in these patients.

Conclusions

The study population exhibited an allele frequency of 10.1% for both rs6165 and rs6166 polymorphisms. A strong linkage was
observed between the rs6165 and rs6166 FSHR gene polymorphisms. These polymorphisms were found to influence ovarian
response in patients with diminished ovarian reserve (DOR) undergoing controlled ovarian stimulation (COS) for in vitro
fertilization (IVF). Specifically, the AA genotype of rs6165 was associated with a significantly higher oocyte retrieval,
Follicular Oocyte Index (FOI), and Follicular Output Rate (FORT), suggesting an enhanced ovarian response. Conversely, the
GG genotypes of both rs6165 and rs6166 were correlated with a shorter stimulation duration. Furthermore, the AG and GG
genotypes of rs6166 demonstrated a lower FORT compared to the AA genotype, suggesting a potential impact on follicular
output efficiency. Future studies involving larger, prospective cohorts are warranted to validate these findings and to determine
their impact on clinically meaningful outcomes, including live birth rates.
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