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Objective: This study aimed to identify the factors that influence follicular output rate (FORT) and follicle-to-oocyte index (FOI) 
among infertile Vietnamese women, as described by the Poseidon classification of poor responders.
Methods: This cross-sectional analysis includes women who received IVF/ICSI treatment at Hue University Hospital, Vietnam, 
between January 2017 and December 2019. The study population was divided into four groups: Group 1 (age < 35, AFC ≥ 5 and AMH 
≥ 1.2 ng/mL, number of oocytes retrieved in the previous cycle ≤ 9), group 2 (age ≥ 35; AFC ≥ 5 and AMH ≥ 1.2 ng/mL, number of 
oocytes retrieved in the previous cycle ≤ 9), group 3 (age < 35; AFC < 5 and/or AMH < 1.2 ng/mL) and group 4 (age ≥ 35; AFC < 5 
and/or AMH < 1.2 ng/mL). All of the patients underwent controlled ovarian stimulation utilizing GnRH antagonist.
Results: A total of 243 cases were recruited into groups 1 (n = 44), 2 (n = 33), 3 (n = 54), and 4 (n = 112). There were statistically 
significant differences between the four groups in terms of age, infertility type, menstrual cycle, body mass index (BMI) and waist-hip 
ratio (WHR), endocrine tests, and total retrieved oocytes (p 0.05). The average number of oocytes per participant was 7.27, with the 
highest number occurring in group 1 (10.77) and the lowest occurring in group 4 (5.59). There was a relationship between FORT and 
BMI (ß: −0.146, p=0.039), FSH starting dose (ß: 0.146, p=0.030), and AMH (ß:0.166, p=0.015). No statistically significant correlation 
was detected between FOI and other variables.
Conclusion: The starting dose of FSH for ovarian stimulation and AMH concentration were positively associated with FORT in 
individuals with a poor prognosis, whereas BMI was negatively correlated with FORT; No other parameters were found to correlate 
with FOI.
Keywords: follicular output rate, FORT, follicle-to-oocyte index, FOI, Poseidon, ovarian response

Introduction
Infertility affects 15% of couples of reproductive age, and assisted reproductive technology is widely recognized as an 
effective treatment for infertile couples who wish to have a healthy child.1 However, 9–25% of infertile patients 
undergoing in vitro fertilization (IVF) exhibited poor ovarian response (POR).2 Those with a poor response to ovarian 
stimulation (OS) have a low success rate.3 Due to the repeated treatment cycles, the cost of in-vitro fertilization (IVF) 
treatment for women with poor ovarian response would be greater than for those with normal ovarian response. 
Consequently, infertile couples may experience greater anxiety, stress, and financial hardship.4 A meta-analysis in 
2022 highlighted the aspect of psychological support for couples undergoing IVF cycles. When approaching fertility 

International Journal of Women’s Health 2023:15 523–532                                                 523
© 2023 Le et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Women’s Health                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 1 January 2023
Accepted: 24 March 2023
Published: 6 April 2023

In
te

rn
at

io
na

l J
ou

rn
al

 o
f W

om
en

's
 H

ea
lth

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-6225-3108
http://orcid.org/0000-0002-0406-1711
http://orcid.org/0000-0002-6252-8447
http://orcid.org/0000-0003-1607-0655
http://orcid.org/0000-0002-4744-7059
http://orcid.org/0000-0001-6362-0934
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


treatment, both men and women were more likely to experience psychological problems such as anxiety, depression, and 
stress.5

With over 40 different definitions of poor responders, the diagnostic criteria for POR remain disputed.6 The Bologna 
criteria were presented by the European Society for Human Reproduction and Embryology (ESHRE) in 2011 as the first 
attempt to provide an unified and international definition of poor response.7 However, the Bologna criteria did not take 
into consideration the different and variable baseline demographics and features of POR.8,9 Despite having normal 
ovarian features, some normal responders categorized by the Bologna criteria exhibited a suboptimal or unsatisfactory 
response to controlled ovarian stimulation (COS). Another problem is the vast variety of biomarkers used to classify 
POR patients: AMH cutoffs of 0.5–1.1 ng/mL and antral follicle count (AFC) cutoffs of 5–7.

To diminish the heterogeneity of the Bologna categorization, the POSEIDON (Patient-Oriented Strategies 
Encompassing Individualized Oocyte Number) criteria were developed through a joint effort among researchers.9,10 

On the basis of ovarian biomarkers, age, and past ovarian response, four groups have been established. The POSEIDON 
classification distinguishes individuals with a favorable prognosis and normal ovarian reserve from those with a poor 
prognosis and low ovarian reserve (Groups 1 and 2: AFC > 5 and AMH > 1.2 ng/mL, Groups 3 and 4: AFC 5 and AMH 
1.2 ng/mL).9 Hypo-responders are unpredictably poor or suboptimal responders with a low response to FSH stimulation, 
necessitating greater cumulative FSH dosages.11 (Groups 1 and 2). AFC and AMH are therefore insufficiently reliable for 
forecasting the response OS.12,13

In recent years, follicular output rate (FORT) has been proposed as a predictor of ovarian response to ovulation and 
oocyte development. FORT is defined as the ratio of preovulatory follicle count (PFC) on hCG day to small antral follicle 
count (AFC) at baseline.14,15 In addition, the follicle-to-oocyte index (FOI) may also serve as a quantitative and 
independent indicator of therapeutic efficacy. The FOI value was derived by dividing the number of oocytes retrieved 
by the AFC by 100, and FOI values below 50% are regarded as indicative of low ovarian sensitivity.16 In the literature, 
comparisons of FORT and FOI values between various patient categories indicated by the POSEIDON criteria remained 
limited, especially from Asian population. The objective of this study was to determine which factors influence the FORT 
and FOI values of low responders according to POSEIDON stratification.

Materials and Methods
Study Design
This cross-sectional study was conducted between January 2017 and December 2019 at Hue Center for Reproductive 
Endocrinology and Infertility, Hue University Hospital, Vietnam. Women with both ovaries, no ovarian disorders (such 
as cysts or endometriomas), and no prior ovarian surgery were included in the study. Cases with polycystic ovary 
syndrome or more than twenty retrieved oocytes were eliminated. To estimate the sample size for this study, we utilized 
the conventional sampling approach based on inclusion and exclusion criteria. During the duration of study, a total of 751 
cases comprised the sample. We excluded 503 patients with a normal prognosis as well as five cases with insufficient 
information. Finally, we recruited 243 patients with a poor prognosis according to the Poseidon criteria. The age, clinical 
history, physical examination, and endocrine testing of every patient were documented. The Hue University of Medicine 
and Pharmacy Ethics Committee accepted the study with approval number H2021/414. All participants provided their 
written, informed permission.

The patients’ height and weight were measured. Body mass index (BMI) was calculated by dividing the weight 
(kilograms) by the square of height (meters). According to the Asian BMI categories, BMI data were categorised as 
obesity (≥ 25 kg/m2), overweight (23.0–24.9 kg/m2), normal (18.5–22.9 kg/m2), and underweight (<18.5 kg/m2). The 
AFC was evaluated via a transvaginal ultrasound scan at the beginning of the menstrual cycle (days 1–2) by counting the 
antral follicles with a diameter greater than 2mm but less than 10mm. Anti-Müllerian hormone [AMH (ng/mL)], 
luteinizing hormone [LH (mIU/mL)], follicle-stimulating hormone [FSH (mIU/mL)], and estradiol levels [E2 (pg/mL)] 
were measured using electrochemiluminescence and Elecsys and Cobas E immunoassay analyzers (Cobas 4000/6000, 
Roche Diagnostics, Indianapolis, IN, USA. All measurements were performed in accordance with the manufacturer’s 
instructions in the laboratory of Hue University Hospital.
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Low Prognosis According to POSEIDON Stratification
Using quantitative and qualitative factors, the POSEIDON criteria categorized individuals with a poor prognosis into four 
groups. The normal response was classified as cycles with 9 to 20 retrieved oocytes, whereas the low response consisted of 
cycles with less than 9 recovered oocytes.10 Group 1 (age < 35, AFC ≥ 5 and AMH ≥ 1.2 ng/mL, number of oocytes retrieved 
in the previous cycle ≤ 9), group 2 (age ≥ 35; AFC ≥ 5 and AMH ≥ 1.2 ng/mL, number of oocytes retrieved in the previous 
cycle ≤ 9), group 3 (age < 35; AFC < 5 and/or AMH < 1.2 ng/mL) and group 4 (age ≥ 35; AFC < 5 and/or AMH < 1.2 ng/mL).

Controlled Ovarian Stimulation and Oocyte Retrieval
All cases received controlled ovarian stimulation (COS) with a flexible GnRH antagonist strategy and Gonal F® (Merck, 
Germany) at a starting dose of 225 IU – 450 IU. Cetrotide® 0.25 mg (GnRH antagonist, Merck) was initiated when 
a follicle reached 14 mm in diameter. Ovitrelle® 250mcg (recombinant human chorionic gonadotropin, Merck, Germany) 
was injected as soon as 2 preovulatory follicles (16–22 mm in diameter) were seen. Transvaginal ultrasound-guided 
aspiration was used to recover oocytes 36 hours following hCG injection.

Index Analysis
FORT was calculated by dividing the preovulatory follicle count (PFC) on hCG day by the small antral follicle count at 
baseline (3–8mm in diameter).17 The FORT value was categorized as low (33rd percentile), medium (33rd-67th percentile), 
or high (> 67th percentile).14 The FOI value was calculated by dividing the number of retrieved oocytes by the AFC and was 
classified into two groups: FOI < 0.50 (low ovarian sensitivity) and FOI ≥ 0.50 (normal ovarian sensitivity).18

Statistical Analysis
The characteristics of the study population were evaluated using descriptive statistics. Using the Kolmogorov–Smirnov 
and Shapiro–Wilk tests, the normal distribution of all parameters was determined. Due to the non-distribution parameters, 
the Kruskal–Wallis test was applied to compare the differences in variables across the four groups. A Chi-square test was 
used to assess whether or not category variables are related. If the variable’s sample size was less than 20, the Chi-square 
test was replaced with the Fisher exact test. Results were presented as odds ratios (ORs) with confidence intervals (CIs) 
of 95% or two-sided P values. When the p-value is less than 0.05, statistical significance is indicated. All analyses were 
conducted using version 20.0 of SPSS (IBM Co., Armonk, NY, USA).

Results
Table 1 displays the general characteristics of prognostic categories. The mean age, body mass index, and waist-to-hip 
ratio were 36.12 years, 20.84 kg/m2, and 0.82, respectively. Age, BMI, and WHR were significantly different across the 
four groups (p < 0.05). In baseline endocrine and stimulation parameters, baseline FSH, LH, E2, E2 on day hCG, and 
total retrieved oocytes were substantially different between groups (p < 0.05). In addition, there was a statistically 
significant difference between infertility type and menstrual cycle (p < 0.05). 130 (53.50%) of the 243 individuals 
participated in the research had primary infertility, whereas 201 (82.72%) had regular menstrual cycles.

Table 2 demonstrates a statistically significant difference (p < 0.001) in the number of recovered oocytes and 
stimulation response between the four groups. The average number of oocytes was 7.27, with the highest number 
occurring in group 1 (10.77) and the lowest in group 4. (5.59). 60 individuals (24.7%) exhibited a normal response to 
stimulation, while 183 patients exhibited an poor response (75.3%). The frequency of patients with normal response was 
greatest in group 1 (50%) and lowest in group 3 (22.2%). The average FORT and FOI values were 0.86 and 1.10, 
respectively. There was no significant difference between the four POSEIDON low-prognosis groups in terms of FORT 
and FOI (p > 0.05).

When comparing patients in groups 1 and 2, there was a strong correlation between FORT and ovarian response: 
patients with high FORT retrieved more oocytes than those with medium and low FORT. This difference was not 
statistically significant (p > 0.05) between the third and fourth groups. As indicated in Table 3, all four groups exhibited 
a significant association between FOI values and recovered oocytes (p < 0.05).
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Additionally, Figure 1 displays the FORT values for the POSEIDON groups. Patients in group 1 of POSEIDON had 
the highest FORT index. In contrast, the proportion of group 4 patients with a low FORT index was the highest. Figure 2 
also displayed FOI values in different patient groups. Patients belonging to distinct POSEIDON categories did not differ 

Table 1 Baseline Characteristics of Study Participant Classified by the Poseidon Groups

Factors Total (n=243) Poseidon Groups

Group 1 (n=44) Group 2 (n=33) Group 3 (n=54) Group 4 (n=112) P value

Age (years) 36.12 (35.44–36.80) 31.02 (30.27–31.78) 39.10 (38.06–40.14) 30.76 (29.99–31.53) 39.78 (39.15–40.41) <0.001

Type infertility

Primary 130 (53.50%) 27 (61.36%) 15 (45.46%) 42 (77.78%) 46 (41.07%) <0.001

Secondary 113 (46.50%) 17 (38.64%) 18 (54.54%) 12 (22.22%) 66 (58.93%)

Menstrual cycle

Irregular 42 (17.28%) 9 (20.45%) 11 (33.33%) 12 (22.22%) 10 (8.92%) 0.005

Regular 201 (82.72%) 35 (79.55%) 22 (66.67%) 42 (77.78%) 102 (91.08%)

BMI (kg/m2) 20.84 (20.56–21.12) 20.26 (19.60–20.92) 21.71 (20.75–22.68) 19.83 (19.32–20.34) 21.29 (20.91–21.68) <0.001

WHR 0.82 (0.81–0.83) 0.81 (0.79–0.83) 0.80 (0.77–0.82) 0.81 (0.79–0.83) 0.83 (0.82–0.84) 0.012

Endocrine test

Baseline FSH 8.35 (7.75–8.96) 6.02 (5.37–6.67) 5.90 (5.07–6.74) 8.91 (7.02–10.80) 9.69 (8.90–10.47) <0.001

Baseline LH 5.12 (4.81–5.43) 5.42 (4.65–6.20) 3.85 (3.28–4.42) 5.07 (4.23–5.91) 5.39 (4.98–5.80) 0.001

Baseline E2 41.20 (35.21–47.14) 41.57 (33.96–49.17) 28.90 (22.09–35.72) 39.85 (32.99–46.70) 45.17 (33.22–57.12) 0.034

E2 on Day hCG 1282.08 (1155.91–1408.25) 1738.10 (1310.12–2166.09) 1257.52 (900.71–1614.33) 1259.57 (1007.65–1511.49) 1123.26 (977.02–1269.50) 0.031

AMH 1.99 (1.66–2.33) 4.35 (3.13–5.58) 4.37 (3.38–5.37) 0.84 (0.67–1.01) 0.92 (0.74–1.09) <0.001

COS

Starting dose FSH 241.96 (236.31–247.61) 242.68 (232.82–252.55) 248.33 (232.08–264.58) 234.50 (222.59–246.41) 243.40 (234.23 −252.56) 0.167

Total FSH dosage 2025.54 (1920–2130.43) 2200.00 (1775.75–2624.25) 2022.43 (1813.09–2231.78) 2015.60 (1851.76–2179.44) 1963.62 (1836.09–2091.16) 0.953

Duration peak 8.44 (8.24–8.64) 8.29 (8.00–8.59) 8.57 (7.59–9.54) 8.58 (8.29–8.87) 8.39 (8.09–8.68) 0.717

Total retrieved oocytes 7.29 (6.70–7.88) 10.71 (9.22–12.19) 8.93 (7.16–10.70) 6.94 (5.82–8.06) 5.67 (4.95–6.39) <0.001

MII oocytes 5.78 (5.30–6.26) 8.41 (7.24–9.59) 6.47 (4.91–8.02) 5.86 (4.96–6.76) 4.54 (3.93–5.14) <0.001

Abbreviations: BMI, body mass index; WHI, waist-hips ratio; FSH, Follicle stimulating hormone; E2, estradiol; hCG, human chorionic gonadotropin; COS, controlled 
ovarian stimulation; MII, metaphase II.

Table 2 Oocytes Retrieval, FORT and FOI Between the POSEIDON Groups

Factors Poseidon Groups Total p

Group 1 Group 2 Group 3 Group 4

Oocytes 10.77 (9.35–12.19) 9.00 (7.38–10.62) 6.83 (5.79–7.87) 5.59 (4.88–6.30) 7.27 (6.70–7.84) <0.001
<4 1 (2.3%) 3 (9.1%) 7 (13.0%) 41 (36.6%) 52 (21.4%)

4–9 21 (47.7%) 17 (51.5%) 35 (64.8%) 58 (51.8%) 131 (53.9%)

Normal (>9) 22 (50.0%) 13 (39.4%) 12 (22.2%) 13 (11.6%) 60 (24.7%)

FORT 0.87 (0.75–0.98) 0.69 (0.56–0.83) 0.68 (0.60–0.76) 0.86 (0.74–0.98) 0.80 (0.73–0.86) 0.643

FOI 1.07 (0.93–1.20) 1.07 (0.85–1.29) 0.99 (0.86–1.12) 1.10 (0.98–1.22) 1.07 (0.99–1.14) 0.113

Notes: Data were presented as Mean (95% CI)/ N (%). Mean (95% CI)/ N (%); Kruskal–Wallis rank test for continuous variables or Chi-square test for 
categorical variables. 
Abbreviations: FORT, follicular output rate; FOI, follicle-to-oocyte index.
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significantly in terms of FOI characteristics. Figure 3 displays the association between FORT and FOI values in the 
research population. We found a statistically significant correlation between these two indices (r=0.464; p=0.001).

The factors associated with FORT and FOI are listed in Table 4. In a linear regression analysis, age, BMI, WHR, 
baseline FSH, the starting dose of FSH, length of OS, type of infertility, and AMH value were included. It was revealed 
that BMI (ß: −0.146, p=0.039), FSH starting dose (ß: 0.146, p=0.030), and AMH (ß:0.166, p=0.015) were associated with 
FORT. Regarding FOI value, we found no statistically significant association.

Table 3 Association Between FORT/FOI and Ovarian Response Between the POSEIDON Groups

Factors Group 1 Group 2 Group 3 Group 4

< 4 4–9 > 9 < 4 4–9 > 9 < 4 4–9 > > 9 < 4 4–9 > 9

FORT

Low (<33th) 0 (0.0%) 15 (68.2%) 7 (31.8%) 3 (16.7%) 13 (72.2%) 2 (11.1%) 4 (10.8%) 26 (70.3%) 7 (18.9%) 26 (37.7%) 36 (52.2%) 7 (10.1%)

Medium (33th-67th) 1 (7.1%) 5 (35.7%) 8 (57.31%) 0 (0.0%) 4 (33.3%) 8 (66.7%) 3 (21.4%) 8 (57.1%) 3 (21.4%) 8 (36.4%) 11 (50.0%) 3 (13.6%)

High (>67th) 0 (0.0%) 1 (12.5%) 7 (87.5%) 0 (0.0%) 0 (0.0%) 3 (100.0%) 0 (0%) 1 (33.3%) 2 (66.7%) 7 (33.3%) 11 (52.4%) 3 (14.3%)

p-value 0.034* 0.005* 0.297* 0.979*

FOI

Low (≤0.5) 1 (33.3%) 2 (66.7%) 0 (0.0%) 2 (40.0%) 2 (40.0%) 1 (20.0%) 4 (44.4%) 5 (55.6%) 0 (0.0%) 19 (90.5%) 2 (9.5%) 0 (0.0%)

Normal (>0.5) 0 (0.0%) 19 (46.3%) 22 (53.7%) 1 (3.6%) 15 (53.6%) 12 (42.9%) 3 (6.7%) 30 (66.7%) 12 (26.7%) 22 (24.2%) 56 (61.5%) 13 (14.3%)

p-value <0.001* 0.032* 0.005* <0.001*

Notes: Data were presented in number (percentage). *Fisher exact test. 
Abbreviations: FORT, follicular output rate; FOI, follicle-to-oocyte index.

Figure 1 The FORT value between the POSEIDON groups.
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Figure 2 The FOI value between the POSEIDON groups.

Figure 3 The correlation between the FOI and FORT values.
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Discussion
AMH, which is secreted by granulosa cells and plays a role in folliculogenesis, is a frequently used biomarker for ovarian 
reserve.19,20 It has also been associated with the number of antral follicles at baseline, the outcomes of ART,21 and the 
age of the female.22,23 Groups 1 and 2 with normal ovarian reserve had significantly more retrieved oocytes and MII 
oocytes than groups 3 and 4. This difference was statistically significant (Table 1, p < 0.001): the older the women in the 
groups, the fewer oocytes were retrieved. In addition, there was substantial evidence of a positive correlation between 
AMH and the number of oocytes retrieved in both people with a low and a high response.12,23 Regardless of COH 
duration or total FSH dose, another study demonstrated a relation between FORT and AMH levels (r=20.30; p=0.001), 
indicating a positive relationship.17 Table 4 demonstrates that as AMH increases, so does FORT, and vice versa 
(B=0.166, p=0.015, Table 4).

In a recently published study, correlations were observed between FORT and AMH levels, AFC, and the number of 
tiny antral follicles but not between FORT and age, BMI, or baseline endocrine testing.17 Rehman determined that a one- 
unit rise in FORT will increase the number of recovered oocytes, MII, and fertilized oocytes.16 In addition, both the 
quality and quantity of embryos were substantially associated with FORT results. There was a correlation between FORT 
levels and pregnancy rates (64.2% vs 49.3% in pregnant and non-pregnant women, respectively).16 A study of 303 IVF/ 
ICSI patients revealed that clinical pregnancy rates ranged from 29.9%, 43.3% to 57.8% in low, medium, or high FORT 
groups, respectively. Therefore, FORT was found to be an independent predictor of COS and pregnant outcomes.24 In 
groups 1 and 2, we identified a positive connection between FORT and the number of oocytes retrieved. Compared to 
patients with medium and low FORT, those with a high FORT (> 67th) had more oocytes recovered (87.5% vs 57.31% 
and 31.8% in group 1; 100% vs 66.7% and 11.1% in group 2). Even though the correlation was seen in groups 3 and 4, 
the difference was not statistically significant. It might be hypothesized that patients with normal ovarian reserve and 
a suboptimal response to ovarian stimulation could be predicted to require oocyte retrieval using FORT. The number of 
normal response cases in the abnormal endocrine test groups was insufficient to detect a significant difference in FORT 
levels between the three groups regarding OS response. To investigate this difference between four groups according to 
the POSEIDON categorization, a larger sample size is required.

Similar to Genro et al,17 we found that BMI and FSH starting dose were associated with the FORT value, but there 
was no correlation between FORT and age or baseline FSH. This finding may indicate that antral follicles do not lose 

Table 4 Related Factors of Follicular Output Rate and Follicle-to-Oocyte Index

Factors B p-value* Lower Upper

FORT Age (years) 0.058 0.420 −0.008 0.020
BMI (kg/m2) −0.146 0.039 −0.069 −0.002

WHR 0.123 0.059 −0.038 1.982
Baseline FSH (mIU/mL) 0.074 0.267 −0.006 0.022

Starting dose of FSH (IU) 0.146 0.030 0.000 0.003

Duration of OS (days) −0.069 0.283 −0.065 0.019
Type of infertility 0.085 0.208 −0.049 0.225

AMH (ng/mL) 0.166 0.015 0.006 0.058

FOI Age (years) 0.028 0.709 −0.014 0.020

BMI (kg/m2) −0.057 0.434 −0.056 0.024

WHR 0.046 0.493 −0.778 1.610
FSH2 (mIU/mL) −0.012 0.862 −0.018 0.015

Starting dose of FSH (IU) 0.051 0.461 0.001 0.003

Duration of OS (days) −0.001 0.992 −0.050 0.050
Type of infertility −0.008 0.907 −0.172 0.152

AMH (ng/mL) 0.080 0.256 −0.013 0.048

Note: *Probability value. 
Abbreviations: FORT, follicular output rate; FOI, follicle-to-oocyte index; BMI, body mass index; WHR, 
waist-hips ratio; FSH, Follicle stimulating hormone; OS, ovarian stimulation; AMH, Anti-Mullerian hormone.
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their ability to respond to FSH with ovarian age, suggesting that POR in older women is due to a decline in the follicular 
pool rather than a loss of follicle sensitivity to FSH. According to Chen et al, patients with POR should also be adapted to 
the OS regimen.25 In our study, there was no variation in the dose of ovarian stimulation between the POSEIDON 
groups, although there was a difference between the groups with differing FORT outcomes. In distinct POSEIDON 
patient groups, we did not overregulate ovarian stimulation methods. Although some patients’ prognostic markers of 
ovarian response were extremely low, we increased the initial dose to the maximum level and prolonged the period of 
stimulation.

Obesity increases the production of ovarian progesterone and testosterone while decreasing the release of ovarian 
insulin-like growth factor I (IGF-I), according to a rat study.26 This may explain why the ovarian gonadotropin 
stimulation is diminished, necessitating higher starting doses.27 However, being overweight or obese has a negative 
effect on IVF success. Obese women retrieved considerably fewer oocytes and had lower fertilization rates than normal- 
weight persons.28,29 This has a negative impact on the effectiveness of ovulation induction and the likelihood of 
pregnancy. In our study, BMI was also found to be negatively connected to FORT value.

In addition, the follicle-to-oocyte index (FOI) may serve as a quantitative and independent measure of therapeutic 
success.18 This index can be used alone or in conjunction with FORT to measure ovarian OS resistance. According to 
Chen, who administered a single OS methodology to all patients in the first cycle, the highest 24 FOI values were 
observed in POSEIDON group 3, followed by POSEIDON group 1, and group 2.8 In this study, we discovered 
a significant correlation between FOI values and retrieved oocytes in all four groups (p < 0.05): the greatest FOI values 
were seen in the typical responder groups (> 9 retrieved oocytes). However, there were no differences in FOI among the 
four POSEIDON groups. Clearly, utilizing POSEIDON could aid in the proper evaluation of POR patients and the 
development of individualized treatment plans, including the selection of a GnRH analog, gonadotropin type, and 
gonadotropin dose.

Patients in our study were divided into four groups based on female age, ovarian biomarkers, and past ovarian 
response history using the POSEIDON criteria. This criterion for selection suggests that the population research is based 
on a low prediction rather than an actual low response. This should be regarded a limitation when interpreting the present 
investigation’s conclusions. Another drawback of our study is that it was conducted descriptively cross-sectionally, but 
not prospectively to track pregnancy outcomes and live birth rates in each research group.

Our study provides the very first information in Vietnam regarding the parameters associated with the FORT and FOI 
indices and the poor prognosis of IVF patients. In the context of other supportive methods in IVF cycles that proved very 
limited, such as the use of inositol to improve the number of retrieval oocytes30 or the injection of embryo culture 
supernatant to the endometrial cavity to improve embryo implantation rates in IVF cycles,31 the control of risk factors 
that adversely affect the number of oocytes after retrieval is a crucial factor in improving the likelihood of pregnancy in 
IVF patients.

In conclusion, the initial dose of FSH for ovarian stimulation and AMH concentration exhibited a positive correlation 
with FORT in persons with a poor prognosis, whereas BMI had a negative correlation with FORT; however, no other 
parameters were identified to correlate with FOI. This study revealed that it is crucial to control the patient’s weight and 
alter the initial dose of FSH based on the ovarian response markers to ovarian stimulation. Individualizing the treatment 
protocol for IVF patients, particularly those with a poor prognosis, will lower the duration of treatment and the patients’ 
economic, psychological, and financial burden.
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