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Prediction of in vitro ferti
lization outcome at
different antral follicle count thresholds
combined with female age, female cause of
infertility, and ovarian response in a
prospective cohort of 8269 women
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Abstract
Antral follicle count (AFC) has been widely investigated for the prediction of clinical pregnancy or live birth. This study discussed the
effects of AFC quartile levels on pregnancy outcomes combined with female age, female cause of infertility, and ovarian response
undergoing in vitro fertilization (IVF) treatment. At present, many research about AFC mainly discuss its impact on clinical practice at
different thresholds, or the analyses of AFC with respect to assisted reproductive technology outcomes under using different ovarian
stimulation protocols. Factors that include ovarian sensitivity index, female age, and infertility cause are all independent predictors of
live birth undergoing IVF/intracytoplasmic sperm injection, while few researchers discussed influence of female-related factors for
clinical outcomes in different AFC fields.
A total of 8269 infertile women who were stimulated with a long protocol with normal menstrual cycles were enrolled in the study,

and patients were categorized into 4 groups based on AFC quartiles (1–8, 9–12, 13–17, and ≥18 antral follicles).
The clinical pregnancy rates increased in the 4 AFC groups (28.25% vs 35.38% vs 37.38% vs 40.13%), and there was a negative

association between age and the 4 AFC groups. In addition, female cause of infertility like polycystic ovary syndrome, Tubal factor,
and other causes had great significance on clinical outcome, and ovarian response in medium (9–16 oocytes retrieved) had the
highest clinical pregnancy rate at AFC quartiles of 1 to 8, 9 to 12, 13 to 17, and ≥18 antral follicles.
This study concludes that the female-related parameters (female cause of infertility, female age, and ovarian response) combined

with AFC can be useful to estimate the probability of clinical pregnancy.

Abbreviations: AFC = antral follicle count, AMH = antimüllerian hormone, ART = assisted reproductive technology, AUC = area
under the curve, BMI = body mass index, DOI = duration of infertility, E2 = estradiol, FSH = follicle-stimulating hormone, GnRH =
gonadotropin-releasing hormone, IVF = in vitro fertilization, LH = luteinizing hormone, P = progesterone, PCOS = polycystic ovary
syndrome, ROC = receiver-operating characteristic.
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1. Introduction
In 21st century, many people are suffering from infertility on
account of genetic and environmental factors.[1,2] With the
development of in vitro fertilization (IVF) technology, more and
more people who cannot conceive natural pregnancy choose IVF
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for solving their problem. Many clinical factors are used to
evaluate the assisted reproductive technology (ART) outcomes or
predict the effects of pregnancy outcomes. Body mass index
(BMI),[3,4] age,[5] cause of infertility,[6] endocrine indicators
(follicle-stimulating hormone [FSH], estradiol [E2], inhibin-B,
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antimüllerian hormone [AMH]),[7–12] antral follicle count
(AFC),[13,14] ovarian parameters (ovarian volume, ovarian
vascularity indices, oocytes retrieved),[15–18] treatment medica-
tion (letrozole, clomiphene),[19,20] and protocol (gonadotropin-
releasing hormone [GnRH] agonist, GnRH antagonist)[21–23]

have been proposed for the research of the success rate of IVF.
The AMH and AFC have been widely investigated for the

prediction of clinical pregnancy or live birth.[24–27] Although
AMH is a stronger predictor of ovarian response to gonadotropin
therapy than AFC,[28] and it was more strongly correlated with
oocyte yield than AFC in the GnRH-antagonist cohort.[14] AMH
remains at a relatively constant level in the menstrual cycle and it
is difficult to present the effect of minimal changes on pregnancy
outcomes. Meanwhile, recent changes in the assay mean different
cutoff values have been proposed.[29,30] In contrast, the ovarian
AFC has relatively low intercycle variability and low to moderate
interobserver variability. It is proved to be the best predictor of
clinical practice.[31]

At present, many research about AFCmainly discuss its impact
on clinical practice at different thresholds,[13,32,33] or the analyses
of AFC with respect to ART outcomes under using different
ovarian stimulation protocols.[31] Factors that include ovarian
sensitivity index, female age, and infertility cause are all
independent predictors of live birth undergoing IVF/intra-
cytoplasmic sperm injection (ICSI),[6] while few researchers
discussed influence of female-related factors for clinical outcomes
in different AFC fields. Our study firstly analyzed the potential
predictors that effected clinical outcomes, then discussed the
effects of AFC quartile levels on pregnancy outcomes with female
age, female cause of infertility, and ovarian response undergoing
IVF treatment and created the logistic regression model to predict
the possibility of clinical pregnancy.
2. Methods

2.1. Study population

A total of 8269 infertile women who were stimulated with a
long protocol with normal menstrual cycles at the Reproductive
Medicine Center of Tongji Hospital, China from January 2014
to August 2017 were enrolled in the study. Patients who
undergoing their IVF/ICSI treatment used their own oocytes
and the embryos transferred were fresh-embryo or frozen-
embryo. The infertile women in the research only suffered from
single cause, and women with combined cause of infertility
were excluded. All data acquisition, data management, and
data analyses were performed by the data Analysis Center of
Tongji Hospital. The study was approved by the ethics
committees at the Reproductive Medicine Center of Tongji
Hospital, and informed consent was signed by the patients
before participation.
All data were prospectively collected for the purpose of

investigating the clinical pregnancy outcome undergoing IVF/
ICSI treatment. Patient characteristics like age, duration of
infertility, type of infertility, and female cause of infertility were
self-reported and most of them were supported by medical
inquiry. Meanwhile, female height and weight were achieved
by medical measuring for calculating BMI. Other indicators,
including E2 and progesterone at day 1 of stimulation, AFC,
doses of FSH, insemination method, and the number of
oocytes retrieved were also obtained by professional medical
technician.
2

2.2. Laboratory procedure for ovarian stimulation protocol

The protocol for ovarian stimulation was the standard long
GnRH-agonist protocol.[33,34] This involved downregulation with
aGnRHagonist beginning in themid-luteal phase of themenstrual
cycle 7days before the earliest expected date of menstruation.
Successful ovarian suppression was confirmed 2weeks later
through ultrasound evidence of a thin endometrium, measuring
<5mmat the junction of the upper 3rd and lower two-thirds in the
longitudinal plane, absent ovarian activity, and a serum E2 level
<200pmol/L.[33] Gonadotrophin stimulation was initiated with
either recombinant FSH or urine highly purified FSH with or
without humanmenopausal gonadotropin.The initial dose ranged
from 150 to 300IU/d. The starting dose of gonadotropin that is
used for ovarian stimulation was determined on the basis of age,
BMI, and AFC as well as basal FSH or AMH levels.[34] This dose
was prescribed for 5days and the patient then scanned to assess the
initial response. The subsequent daily dose of FSH was only
adjusted at this stage if it was thought there was a risk of poor or
exaggerated response.[33]

Subsequent ovarian response wasmonitored through serumE2,
progesterone (P), LH assessments, and serial transvaginal ultra-
sound examinations. Gonadotrophin doses were adjusted when
needed. The objective follicles were defined as follicles between 14
and 26mm,with 200 to 300pg/mL estradiol production.[34] There
were at least 3 follicles measuring R18mm in diameter, 6000 to
10,000 units of human chorionic gonadotropin was administered.
Oocytes were retrieved 36hours later. The total number of oocytes
retrieved was recorded, including the number of mature and
immature oocytes. Subjects who did not develop at least 3 leading
follicles measuring R14mm in diameter after 12days of
gonadotropin treatment were advised to discontinue treatment
or convert to IUI, depending on other clinical factors including
their tubal status and their partner’s semenquality, and these cycles
were counted as cancelled cycles.[33] The type of insemination
includes IVF, ICSI, 50% IVF+50% ICSI, and early rescue ICSI.
Except for early rescue ICSI, evidence for fertilization was assessed
∼18hours after insemination. Fertilization was initially checked 6
hours, after IVF insemination, and if the oocytes failed to fertilize,
ICSI was done immediately for early rescue ICSI.[34] One or 2
normally cleaved embryos, as set out by the Human Fertility
Embryology Authority policy, were transferred into the uterus
under ultrasound guidance 3 or 5days after oocyte retrieval, and
urine pregnancy test was performed 14 or 12days later to
determine the outcome. If the test was positive (biochemical
pregnancy), a transvaginal ultrasound was arranged 3weeks later
to confirm a clinical pregnancy, defined as presence of an
intrauterine gestation with evidence of cardiac activity. All
pregnancies were followed up to delivery and the outcome
recorded.[33]

2.3. Outcome measures

The primary outcome was clinical pregnancy, which was defined
as pregnancy phenomenon that clinically considered. The
number of oocytes retrieved was also recorded to measure
the status of ovarian response.
2.4. Statistical analysis

Patients were categorized into 4 groups according to AFC
quartiles: 1 to 8, 9 to 12, 13 to 17, and≥18. The characteristics of
clinical pregnancy and no clinical pregnancy patients were



Table 1

Descriptive statistics of potential predictors in pregnant and
nonpregnant women (N=8269).

Variables
Pregnancy (+)
(N=2926)

Pregnancy (�)
(N=5343) P-value

Age, yrs 30.4±4.1 31.5±4.8 <.001
∗

BMI, kg/m2 21.9±2.9 21.8±2.9 .168
∗

Type of infertility
Primary infertility 1537 (52.5%) 2705 (50.6%) .103†

Secondary infertility 1389 (47.5%) 2638 (49.4%)
Duration of infertility, yrs 3.6±2.6 4.0±3.3 <.001

∗

FSH, mIU/mL 7.3±1.9 7.3±1.9 .507
∗

Insemination method
IVF 2375 (81.2%) 4308 (80.6%) .089†

ICSI 470 (16.1%) 921 (17.2%)
IVF + ICSI 81 (2.7%) 114 (2.2%)
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compared. Descriptive statistics of the continuous variables are
presented as means and the standard deviations, and the
categorical variables are presented as number and percentage.
Student t test was performed for evaluating the statistical
relations between the subgroups, and the Chi-squared test was
used to evaluate the significance of the proportion of the
categorical variables. When the patients were divided into 4
groups according to AFC quartiles, 1-way analysis of variance
and Chi-squared test were used to ascertain the significant
differences among these groups. Multivariate logistic regression
model was used to analyze the effect of the potential predictors on
clinical pregnancy because it is widely used in most studies and
proved to be effective in predicting IVF outcome of clinical
practice research.[35,36] The 2-tailed value of P< .05 was
considered statistically significant. All the statistical analysis
was carried out using R language.
Female cause of infertility
PCOS 616 (21.1%) 1304 (24.4%) .002†

Tubal factor 1957 (66.9%) 3455 (64.7%)
Uterine factor 186 (6.4%) 333 (6.2%)
Other causes 167 (5.6%) 251 (4.7%)

AFC (n) 14.0±5.5 12.8±5.7 <.001
∗

E2 3544.6±1760.7 4026.2±2473.4 <.001
∗

Progesterone, ng/mL 0.9±0.3 1.1±0.5 <.001
∗

Oocytes retrieved (n) 11.5±4.4 12.9±7.0 <.001
∗

Data are mean± standard deviation or number (%).
AFC= antral follicle count, BMI=body mass index (kg/m2), FSH= follicle-stimulating hormone, ICSI=
intracytoplasmic sperm injection, IVF= in vitro fertilization, PCOS=polycystic ovary syndrome.
∗
2-sample t test.

† Pearson’s Chi-squared test.
3. Results

A total of 8269 patients with long protocol IVF/ICSI cycles were
recruited and 2926 of these women (35.39%) succeeded in
clinical pregnancy. Descriptive statistics of potential predictors in
pregnant and nonpregnant women are presented in Table 1. The
average age of the womenwho succeeded in pregnancy is younger
than those with no pregnancy (30.4 vs 31.5), while the average
AFC of the womenwho succeed in pregnancy is higher than those
with no pregnancy (14.0 vs 12.8). There were no significant
differences in BMI and FSH between women with pregnancy and
women without pregnancy.
Multivariate logistic regression analysis with potential pre-

dictors such as female age, BMI, type of infertility, FSH, female
cause of infertility, AFC, and so on in the model showed that only
female cause of infertility (Tubal factor: odds ratio [OR] 1.2;
95% confidence interval [CI] 1.07–1.34), AFC (OR 1.04; 95%CI
1.03–1.04), age (OR 0.95; 95% CI 0.94–0.96), duration of
infertility (OR 0.96; 95% CI 0.95–0.98), E2 (OR 0.99; 95% CI
0.99–0.99), progesterone (OR 0.25; 95% CI 0.22–0.28), and
oocytes retrieved (OR 0.96; 95% CI 0.96–0.97) is significantly
predictive of clinical pregnancy.
The distribution of clinical pregnancy rate at each AFC is

presented in Figure 1.Many studies have grouped AFC, and there
was no uniform categorization of AFC.[13,32,33] Patients were
categorized into 4 groups based on AFC quartiles,[33] predictors
that have a statistically significant impact on clinical pregnancy,
and clinical outcomes are compared in Table 2.
There was a negative association between age and AFC (33.4

vs 31.5 vs 30.4 vs 29.2). However, the number of oocytes
retrieved increased with AFC (8.1 vs 11.4 vs 14.0 vs 15.9), as did
the clinical pregnancy rates. At AFC quartiles of 1 to 8, 9 to 12,
13 to 17, and ≥18 antral follicles, the mean clinical pregnancy
rates were 28.25%, 35.38%, 37.38%, and 40.13%, respectively.
There was significant difference in progesterone among the
patient groups.
Table 3 summarizes the statistics from the logistic regression

analysis of AFC quartiles in clinical pregnancy. The category
AFC 1 to 8 was used as a reference. After adjustment for age,
duration of infertility, female cause of infertility, progesterone,
E2, and oocytes retrieved, the adjusted ORs for clinical
pregnancy increased from 1.39 (1.22–1.59) in the 9 to 12
category to 1.52 (1.33–1.73) in the 13 to 17 category, and
reached 1.70 (1.49–1.94) in the ≥18 category. It indicates that
higher AFC increased clinical pregnancy rate, which was
3

consistent with the previous study.[13,33] Logistic regression
analysis showed that female cause of infertility, age, and oocytes
retrieved have significant impact on pregnancy. Further study has
been conducted to investigate the relationship between AFC
levels and these parameters.
Based on the potential indicators involved in the logistic

regression model, we concluded the model with some statistically
significant relevant predictors, which were AFC, duration of
infertility, oocytes retrieved, female cause of infertility, age, E2,
and progesterone.
The ROC curve is used to evaluate the performance of the

prediction model, and the AUC of each model is compared. The
AUC is the area under the ROC curve, which reflects the
prediction performance of the model, and the greater the value,
the better the performance of the model. The results are presented
in Table 4.
From the value of the AUC we can see, model c is higher than

the other, which means the model has the best performance, so
the predictors of the final model including AFC, E2, P, DOI, age,
oocytes, and cause, and the logistic regression model can be used
to predict the possibility of clinical pregnancy, here we randomly
selected the data of 20 patients, the predicted results are presented
in Table 5.
We predict the possibility of clinical pregnancy at different

AFC thresholds combined with female cause of infertility, female
age, and ovarian response in Figures 2–4.
Cause of infertility has proved to be predictive of clinical

pregnancy,[6] female cause of infertility considered in the research
were mainly polycystic ovary syndrome (PCOS),[37] tubal factor,
uterine factor, and other causes, the predictors AFC, duration of
infertility, oocytes retrieved, female cause of infertility, age, E2,
and progesterone were involved in the logistic regression model,

http://www.md-journal.com


Figure 1. The cumulative probability of clinical pregnancy following in vitro fertilization treatment at each antral follicle count (AFC) thresholds.
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and the result are illustrated in Figure 2. From the result we can
conclude that the possibility of clinical pregnancy in tubal factor
was 1.2 times higher than the odds in PCOS (OR 1.20; 95% CI
1.07–1.34) (Table 3), and the clinical pregnancy rate of PCOS
was the lowest in the female cause of infertility among the AFC
groups (Fig. 2), which indicated that PCOS had a great impact on
infertility and its clinical research value attracted a lot of
scholars.[13,20,32,35,36]

Regarding female age, AFC, duration of infertility, oocytes
retrieved, age, E2, and progesterone were incorporated into the
prediction model, female cause of infertility was excluded in
the model to eliminate its effect on outcome, and the result are
illustrated in Figure 3. Five years as a classification level for ease
of interpretation, and it was here subgrouped into 6 age groups;
20 to 25, 26 to 30, 31 to 35, 36 to 40, 41 to 45, and >45 years.
Table 2

Predictors and clinical outcome according to antral follicle count (AF

Variables AFC 1–8 (N=1922) AFC 9–12 (N=2261)

Age, yrs 33.4±5.1 31.5±4.4
Duration of infertility, yrs 4.2±3.6 4.0±3.2
Female cause of infertility
PCOS 737 (38.3%) 233 (10.3%)
Tubal factor 993 (51.7%) 1723 (76.2%)
Uterine factor 123 (6.4%) 165 (7.3%)
Other causes 69 (3.6%) 140 (6.2%)

E2 2492.6±1509.2 3619.6±1945.2
Progesterone, ng/mL 1.0±0.4 1.1±0.5
Oocytes retrieved (n) 8.1±4.5 11.4±5.2
Clinical pregnancy 543 (28.25%) 800 (35.38%)
∗
1-way analysis of variance. The difference of each continuous variable between the 4-group AFC cat

† Pearson’s Chi-squared test. The difference of categorical variable between the 4-group AFC categoriz

4

Women aged in 20 to 25 years had the highest clinical rate
among the AFC groups, the odds of clinical pregnancy in 36 to 40
years was 0.6 times lower than the odds in 20 to 25 years (OR
0.58; 95%CI 0.48–0.70), and women aged in 41 to 45 years was
0.2 times lower than those in 20 to 25 years (OR 0.19; 95% CI
0.12–0.28), the clinical pregnancy rate of women in 41 to 45
years in groups 3 and 4 (AFC 13–17 and AFC ≥18) were 10.3%
and 11%, while the clinical pregnancy rate of women <35 years
was higher than 40%, furthermore, women higher than 45 years
almost cannot be pregnant in all AFC groups.
Ovarian response measured in the study by the number of

oocytes retrieved. The prediction model was built with AFC,
duration of infertility, oocytes retrieved, age, E2, and progester-
one, female cause of infertility was excluded in the model to
eliminate its effect on outcome, and the results are illustrated in
C) quartiles.

AFC 13–17 (N=2065) AFC ≥18 (N=2021) P-value

30.4±4.2 29.2±3.7 <.001
∗

3.7±2.8 3.6±2.5 <.001
∗

212 (10.3%) 738 (36.5%) <.001†

1593 (77.1%) 1103 (54.6%)
148 (7.2%) 83 (4.1%)
112 (5.4%) 97 (4.8%)

4336.6±2204.9 4925.1±2511.5 <.001
∗

1.1±0.4 1.0±0.5 <.001
∗

14.0±5.7 15.9±6.5 <.001
∗

772 (37.38%) 811 (40.13%) <.001†

egorization. Values are mean + standard deviation.
ation. Values are n (%).



Table 3

Logistic regression analysis of AFC quartiles in clinical pregnancy.

Predictors OR (95% CI) P

AFC <.001
∗

1–8 †

9–12 1.39 (1.22–1.59) <.001‡

13–17 1.52 (1.33–1.73) <.001‡

≥18 1.70 (149–1.94) <.001‡

Duration of infertility 0.96 (0.95–0.98) <.001
∗

Oocytes retrieved 0.96 (0.96–0.97) <.001
∗

Female cause of infertility <.001
∗

PCOS †

Tubal factor 1.20 (1.07–1.34) <.001‡

Uterine factor 1.18 (0.96–1.45) .006‡

Other causes 1.41 (1.13–1.75) <.001‡

Age 0.95 (0.94–0.96) <.001
∗

E2 0.99 (0.99–0.99) <.001
∗

Progesterone 0.25 (0.22–0.28) <.001
∗

AFC= antral follicle count, CI= confidence interval, OR=odds ratio.
∗
P-value of each variables overall effects after adjusting for the other variables.

† Reference group.
‡ P-value between each variable subgroups and reference group.

Table 4

The AUC of the prediction model with the potential indicators.

Variables OR 95% CI P AUC

AFC 1.04 1.03–1.04 <.001
E2 0.99 0.99–0.99 <.001
P 0.25 0.22–0.28 <.001 0.662

∗

DOI 0.96 0.95–0.98 .002
Age 0.95 0.94–0.96 <.001 0.684†

Oocytes 0.96 0.96–0.97 <.001
Cause 1.12 1.05–1.19 <.001 0.693‡

AFC= antral follicle count, AUC= area under the curve, CI= confidence interval, DOI=duration of
infertility, OR= odds ratio.
∗
Model with AFC + E2 + P.

†Model with AFC + E2 + P + DOI + age.
‡Model with AFC + E2 + P + DOI + age + oocytes + cause.
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Figure 4. According to retrieved oocytes number, 3 groups were
formed to identify low (1–8 oocytes retrieved), medium (9–16
oocytes retrieved), and high (≥17 oocytes retrieved).
The odds of clinical pregnancy in high group was 0.63 times

lower than the odds in low group (OR 0.63; 95% CI 0.55–0.73),
and the clinical pregnancy rate in low and high ovarian response
(1–8 oocytes retrieved and ≥17 oocytes retrieved) in 13 to 17
AFC group were 30.6% and 25.7%. Previous study showed that
the adjusted ORs for fresh embryo live birth per started cycle
increased from 1.823 (1.395–2.381) in the 6–10 oocyte category
to 2.142 (1.609–2.851) in the 11 to 15 oocyte category.
However, it decreased to 1.918 (1.376–2.672) in the ≥16 oocyte
category.[34]
Table 5

Predictive of clinical pregnancy with the data of 20 patients.

Patient Age Duration of infertility Oocytes retrieved Female cause of

A1 22 2 8 Tubal factor
A2 28 3 4 PCOS
A3 35 1.5 9 Tubal factor
A4 35 5 5 Tubal factor
A5 31 6 4 Other causes
A6 37 8 19 Uterine factor
A7 26 3 8 PCOS
A8 35 7 16 Uterine factor
A9 40 1 4 PCOS
A10 42 4 5 Uterine factor
A11 25 4 13 Other causes
A12 33 8 8 Other causes
A13 24 2 16 PCOS
A14 33 5 9 Other causes
A15 45 1 5 PCOS
A16 30 2 28 Other causes
A17 44 1 16 PCOS
A18 26 6 11 PCOS
A19 41 1 13 Tubal factor
A20 32 8 19 Tubal factor

AFC= antral follicle count, PCOS=polycystic ovary syndrome.

5

4. Discussion

This study discussed strong associations between AFC and
clinical outcome undergoing IVF treatment in China, and
developed a prediction model to estimate the probability of
clinical pregnancy under female-related parameters, measured by
female cause of infertility, female age, and ovarian response.
Previous studies on AFC for clinical outcome undergoing IVF
treatment indicated that AFC was a effective predictor of live
birth and a higher live-birth rate occurred as AFC increased
within a certain range.[13,33] Our conclusion was consistent with
these conclusions.
The innovation of this study is that the data were more

comprehensive without no deliberately deleted, including
patients with poor physical condition (BMI range from 14.7
to 37, age range from 21 to 48), and cause of infertility is
combined with AFC to discuss the clinical outcome. Previous
studies aimed to estimate the probability of live birth or to predict
ovarian response at different AFC cutoff levels without
considering female-related parameters, especially different female
causes of infertility. Cause of infertility was qualified as an
infertility AFC E2 Progesterone Predictive of clinical pregnancy

3 2766 1.04 0.413
10 4240 0.95 0.377
7 2466 0.55 0.440
9 3009 1.06 0.322
9 3000 0.71 0.534
14 4943 1.29 0.161
20 1593 0.96 0.541
22 5078 1.47 0.238
2 1198 0.57 0.288
13 1245 1.37 0.241
9 5805 0.84 0.450
5 1202 0.54 0.475
22 2778 0.59 0.617
6 4029 0.64 0.422
9 965 0.53 0.317
24 8701 0.83 0.402
13 5819 1.03 0.129
6 2199 0.45 0.443
6 3013 0.71 0.260
16 8880 0.57 0.354

http://www.md-journal.com


Figure 2. Prediction of clinical pregnancy rate at different antral follicle count (AFC) thresholds combinedwith female cause of infertility, and female cause of infertility
was polycystic ovary syndrome (PCOS), tubal factor, uterine factor, and other causes. The antral follicle count groups were 1 to 8, 9 to 12, 13 to 17, and ≥18 antral
follicles, the value of duration of infertility, oocytes retrieved, age, estradiol (E2), and progesterone took the mean.
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independent predictor in many studies. PCOS, Tubal factor,
Uterine factor, and other causes were considered in the present
research. The PCOS is commonly characterized by menstrual
abnormalities and clinical or biochemical features of hyper-
androgenism.[38] PCOS had a great impact on infertility and it
was found to be the lowest clinical pregnancy rate among female
cause of infertility in the present study. The previous papers
evaluated the proportion of PCOS-related infertility among all
patients and found that PCOS was the main cause of infertility in
women aged 18 to 35 years,[32] and women with PCOS maintain
a stable oocyte count and live-birth rate across the age range of 22
to 41 years during IVF, compared with women with tubal factor
infertility, who experience a significant decline with increasing
age.[39] However, it must be emphasized that the conclusion we
concluded only can be extrapolated to the ultrasound finding
“polycystic ovaries.” Male factors that were nonsignificant as
predictors were excluded in the research. The probable reason is
that assisted reproductive technology has an effective treatment
on male infertility.
Female age is a strong predictor of clinical pregnancy after IVF/

ICSI, and it was negatively correlated with live birth as a
predictor included in the prediction model for pregnancy or live
birth in previous papers.[6,40,41] The women with pregnant in our
study were significantly younger than those without pregnant,
and women more than 45 years almost cannot be pregnant. We
guess this possible reason is that the body part of the ovarian
function are in the aging and degradation, it is easy to lead to
abnormal chromosomes of the egg, the older, the more impact on
6

the egg caused by the environment pollution, these are the factors
that lead to infertility.[5] However, it worth to be mentioned that
the effect of age on AFC and clinical pregnancy need to be long-
term follow-up, the patient who got infertility when they were
young, while they succeeded in pregnancy by assisted reproduc-
tion technology and did not seek further treatments, these
patients may have more severe infertility as they became older. So
the older women definitely may have lower probability in clinical
pregnancy or live birth.
Ovarian response category was built for streamlining research

into meaningful conclusions, and helpful for explanation in
clinical practice.[42] While there was no uniform categorization of
ovarian response, ovarian response was often measured by the
number of oocytes retrieved in most papers,[27,34,43] 3 groups
low, medium and high ovarian response were divided in our
study on the basis of the purpose of the research objective. AFC
was sensitive for the prediction of ovarian response, especially in
poor ovarian response or moderate and severe OHSS.[33]

Conclusions were different among studies about the relationship
between AFC and ovarian response. It can be a effective predictor
only in those three or fewer oocytes retrieved, and it had no
significance in predicting live-birth rate,[31] compared to
nontreatment, lower AFC with large (5–10mm) antral follicles
were the only ovarian parameter associated with oral contracep-
tion pretreatment.[44] Our result inferred that low ovarian
response (9–16 oocytes retrieved) had higher clinical pregnancy
rate than high ovarian response (1–8 oocytes retrieved). It is
normal that the conclusions were different for experimental



Figure 3. Prediction of clinical pregnancy at different antral follicle count (AFC) thresholds combined with female age, female age was divided into 6 groups: 20 to
25, 26 to 30, 31 to 35, 36 to 40, 41 to 45, and>45 years. The antral follicle count groups were 1 to 8, 9 to 12, 13 to 17, and ≥18 antral follicles, the value of duration
of infertility, oocytes retrieved, estradiol (E2), and progesterone took the mean.

Figure 4. Prediction of clinical pregnancy at different antral follicle count (AFC) thresholds combined with ovarian response. Three ovarian response groups were
low (1–8 oocytes retrieved), medium (9–16 oocytes retrieved), and high (≥17 oocytes retrieved), the antral follicle count groups were 1 to 8, 9 to 12, 13 to 17, and
≥18 antral follicles, the value of duration of infertility, age, estradiol (E2), and progesterone took the mean.
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conditions and experimental parameters. Previous papers
demonstrated that fresh embryo live-birth rate in 0 to 5 oocytes
retrieved was higher than in >16 oocytes retrieved, which was
consistent with our result.
There are some limitations in our study. First, ovarian

stimulation protocol we used was long GnRH agonist, it may
minimize the interference of individual gonadotropin doses.
While it narrowed the scope of the conclusions, and it cannot be
extrapolated to other protocols like short GnRH agonist and
GnRH antagonist, the clinical pregnancy rate increasedwith AFC
in a given stimulation protocol. However, different stimulation
protocols changed the basal factors levels, and it may affect the
impact of AFC on clinical outcome. Second, ovarian reserve
markers included in the paper are FSH and AFC, a lack of other
basal markers like LH and AMH levels, these indicators excluded
for the reason that we were neglected to record or record missing
before data collection. Furthermore, the clinical outcome in our
paper is not comprehensive, we just recorded the number of
oocytes retrieved and clinical pregnancy, pregnancy loss, live
birth, and cumulative live-birth rate are what we need to consider
in further study.
In conclusion, the results of this study show a strong

association between AFC and clinical pregnancy after IVF/ICSI
treatment, and AFC thresholds are proved to be effectively in
prediction of clinical outcome. The female-related parameters
such as female cause of infertility, female age, and ovarian
response are combined with AFC levels to estimate the
probability of clinical pregnancy, and the results are shown to
give guidance for couples who get infertility and seek for assisted
reproductive treatment. Moreover, it can provide valuable
reference for the choice of the ovarian stimulation protocols.
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