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Abstract 

In Vitro Fertilization (IVF) is the treatment for many causes of infertility. 
Many studies were done to investigate different factors that can affect the 
success rate. This study was conducted to evaluate if cycle day 3 (CD3) fol-
licle-stimulating hormone (FSH)/luteinizing hormone (LH) ratio can be a 
predictor for the IVF outcome in young sub-fertile females ≤ 35 years with 
normal baseline FSH. This is a retrospective case control study conducted at 
the Centre of Fertility and Andrology Care (CFAC) in Egypt where 235 
sub-fertile women underwent IVF. Patients were grouped based on CD3 
FSH/LH ratio. Group A consisted of ≤35-year-old women with FSH/LH ratio 
< 2 and group B included ≤35-year-old women with FSH/LH ratio ≥ 2. The 
primary outcomes include the fertilization rate, implantation rate and the 
clinical pregnancy rate. The secondary outcomes include duration and the 
total dose of gonadotrophin used. We found that, there was no significant 
difference in the total dose of gonadotropin used during the IVF cycle. Also, 
there was no significant difference in the number of retrieved and fertilized 
oocytes and the number of good embryos. Clinical pregnancy rate was the 
same in both groups. In conclusion, in patients younger than 35 years, CD3 
FSH/LH ratio is not a predictor for IVF outcome. 
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1. Introduction 

Approximately 9% of couples are complaining of infertility [1] [2] and approx-
imately 3% of them need in vitro fertilization [IVF] (http://www.asrm.org). 
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Many factors affect the pregnancy outcome, such as the females’ age. It is consi-
dered one of the most important factors in IVF success [3]. It was found that 
young patients have the highest success rate of IVF treatment [4]. However, 
chronological age alone has a limited effect in predicting individual ovarian res-
ponses [5]. 

Ovarian reserve (OR) is defined as the number and quality of oocytes that are 
available to produce a dominant follicle [6]. Non-growing follicles are formed in 
the fetal ovary at 20 to 22 weeks’ gestation [7]. The number decreases due to 
atresia following follicular recruitment towards maturation. The post-menopausal 
ovary contains fewer than 1000 nerve growth factors (NGF), an insufficient 
number for ovulation [8]. 

There is no known accurate measurement of the OR for individual females 
[9]; however, indirect determination of the OR is helpful for the choice of the 
infertility management [4]. It is known that the OR declines with an increase in 
age [10]. Different biochemical and biophysical tests are used as markers of OR. 
An ideal test should be easy to perform, accurate and its results should be helpful 
in the treatment decision. Despite the multiple OR markers, none are ideal [11]. 

The most commonly used marker for predicting OR is the basal follicle sti-
mulating hormone (FSH) level at the third day of the cycle (CD3) [12]. The cycle 
fluctuation of the FSH level makes the OR estimation difficult and a single FSH 
measurement may not be very accurate [13]. Another test is the ovarian volume 
and the antral follicle count which can be used to predict the ovarian response 
and the cancellation rates in IVF [14]. Additionally, assessing OR Serum FSH 
levels increase early in reproductive aging and a rise in luteinizing hormone 
(LH) levels is observed at a later stage. So an exaggerated FSH/LH on day three, 
even with normal basal FSH, has been found to be a sign of diminished OR and 
a poor IVF outcome [2]. 

This study was designed to evaluate whether CD3 FSH/LH ratio in young pa-
tients with normal baseline FSH has an influence on the IVF outcome. This 
study will enhance modern day medicine and literature because it will allow us 
to predict the result of the IVF process. 

2. Materials and Methods  

This study is a retrospective cohort study conducted at a private infertility center 
from June 2015 to May 2016. We reviewed the health records of 238 infertile fe-
males who underwent IVF and intracytoplasmic sperm injection (ICSI) cycles. 
The sample size was chosen based on the number of patients that were treated in 
that year that fit both the inclusion and the exclusion criteria. There was no 
minimum size calculation process. 

The Research Ethics Board approval was obtained. All patients signed an in-
formed written consent for IVF/ICSI and another consent to share their preg-
nancy outcomes. 

Inclusion Criteria: 
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- All participants were candidate for IVF, ≤35 years old. 
- Regular menstrual cycle ranging from 24 to 35 days.  
- Base line CD 3 FSH < 10 mIU/ml in natural non-stimulated cycle and normal 

serum prolactin.  
- Normal uterine cavity diagnosed by hysterosalpingography or hysteroscopy.  

Exclusion Criteria: 
- Hypothalamic hypogonadism. 
- Polycystic ovary syndrome (PCOS).  
- Abnormal thyroid or adrenal functions. 
- Azoospermic male partner was also excluded. 

We collected and analyzed data, including age, duration, type and cause of in-
fertility and a detailed medical history. All patients involved in the study under-
went general, abdominal and vaginal examination followed by an ultrasound 
evaluation for presence of three or more pre-antralfollicles. 

Basal CD3 hormonal profile for FSH, LH and E2 in a naturalcycle was done. 
FSH, LH and E2 levels were measured using Immulite system (Siemens 

Healthcare diagnostics, UK). The intra- and inter-assay coefficients of variation 
were 15% and 16% for E2, and 4.8% and 26% for LH. FSH analytical sensitivity 
was 0.1 mIU/ml. 

The eligible candidates were divided into 2 groups according to CD3 FSH/LH. 
Group A: FSH/LH ratio < 2 and group B: FSH/LH ratio ≥ 2. The use of cutoff 
value is based on previous studies [15] [16]. 

All patients were treated with a long GnRH agonist protocol. Daily subcuta-
neous (SC) injections of Triptorelin: Decapeptyl 0.1 mg (Ferring, Switzerland) 
were started from CD21 prior to the stimulated cycle and continued until the 
day of the hCG injection.  

Stimulation was started on CD3 after the ultrasound evaluation. Either human 
menopausal gonadotropins (hMG) (Menogon; Ferring, Switzerland) or recom-
binant FSH (rFSH) (Gonal-f; Merck Serono, Germany) was used. Starting dose 
was decided based on the patients’ age or previous gonadotropin response. The 
dose was usually between 150 and 300 IU. Gonadotropins (Gn) dose was ad-
justed according to ovarian response. Serial serum E2 and transvaginal ultra-
sound scan were used to monitor the response. Ovum pick-up (OPU) was per-
formed 34 to 36 hours after being guided by the transvaginal ultrasound. 

Triggering of ovulation was done by HCG 10,000 IU intramuscular (Pregnyl, 
Organon, the Netherlands) when at least three follicles had reached a mean di-
ameter of 18 mm. 

ICSI was the method of insemination for all of the cases. Fertilization was as-
sessed 16 to 18 hours after ICSI and the embryo quality was evaluated on day 
three according to the number of blastomeres and the degree of fragmentation 
and multinucleation [SART grading system]. All embryos were cultured in an 
ISM1culture medium (Origio medicult media, Denmark).  

Embryo transfer was done on day three using a Labotect semi-rigid catheter 
and guided by an ultrasound (Labotect GmbH, Germany). The number of em-
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bryos transferred was based on the quality of the embryos according to the 
guidelines for the number of embryos transferred by American Society of Re-
productive Medicine. Luteal phase support was progesterone 100 mg IM daily 
(Prontogest, Amsa, Italy). Serum beta hCG was done 12 days after embryo 
transfer and if positive, it was repeated 48 hours later.  

Clinical pregnancy was confirmed by the presence of fetal cardiac activity on 
transvaginal ultrasonography at 6 to 8 weeks of pregnancy. The primary out-
come parameter was the clinical pregnancy. Secondary outcome included total 
dose of Gn, duration of stimulation, E2 and progesterone levels at day of HCG 
triggering, endometrial thickness at day of HCG triggering, number of follicles > 
16 mm, number of retrieved follicles, fertilization rate, number of good quality 
embryos and cancellation rate. 

3. Statistical Analysis 

The data was statistically described in terms of mean ± standard deviation 
(±SD), median and range, or frequencies and percentages when appropriate. 
Comparison of numerical variables between the study groups was done using 
Student t test for independent samples. For comparing categorical data, the Chi 
square (χ2) test was performed. Exact test was used instead when the expected 
frequency is less than five. Accuracy was represented using the terms sensitivity, 
and specificity. Receiver operator characteristic (ROC) analysis was used to de-
termine the optimum cut off value for the studied diagnostic markers. P values 
less than 0.05 were considered statistically significant. All statistical calculations 
were done using computer program SPSS (Statistical Package for the Social 
Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows. 

4. Results 

We collected and analyzed data for 238 patients ≤ 35 years. They were divided 
according to CD3 FSH/LH ratio into: Group A (201 patients) with FSH/LH ratio 
< 2 and group B (37 patients) with FSH/LH ratio ≥ 2. There was no significant 
difference between groups regarding age, body mass index (BMI), duration or 
type of infertility (Table 1). 

In group A, the CD3 FSH/LH ratio (1.2 ± 0.4) was evidently lower than that of 
group B (1.2 ± 0.4). It was predicted that group A would have a more successful 
IVF outcome, however, the data proved otherwise. There was no significant dif-
ference between the groups regarding basal FSH, basal E2, percentage of FSH to 
HMG ampoules, duration needed for stimulation, E2 and progesterone levels at 
day of HCG triggering, endometrial thickness at day of HCG triggering, number 
of follicles more than 16 mm, number of retrieved and fertilized follicles, num-
ber of good ET and cancellation rate (Table 2). There was a non-statistically sig-
nificant difference in the gonadotropin dose and number of gonadotropin am-
poules showed (Table 2).  

The clinical pregnancy rate showed no difference between both groups (Table 
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3). The rate for group A was 35.2% and 42.9% for group, however, the difference 
was irrelevant (P value = 0.397). Also, there was no significant difference be-
tween high FSH/LH ratio and low FSH/LH ratio in women younger than 35 
years regarding the rate of multiple pregnancies and abortion (Table 3).  
 
Table 1. Demographic data of the study population. 

 
Group A 

FSH/LH < 2 
Group B 

FSH/LH ≥ 2 
P value 

Age (years) 27.1 ± 3.7 26.8 ± 4.4 0.702 

BMI (Kg/m2) 25.4 ± 4.9 26.4 ± 2.8 0.317 

Duration of infertility (years) 6.1 ± 7.2 5.6 ± 7.8 0.759 

Type of infertility* 
1ry 144 (87.8) 31 (83.8) 

0.692 
2ry 20 (12.2) 6 (16.2) 

Cause of infertility* 

Male 98 (59.7) 27 (73) 

0. 099 Tubal 38 (23.2) 4 (10.8) 

Unexplained 28 (17.1) 6 (16.2) 

All results are presented as Means ± SD. *Number (%). 

 
Table 2. Cycle characteristics. 

 
Group A 

FSH/LH < 2 
Group B 

FSH/LH ≥ 2 
P value 

CD3 FSH 6.2 ± 1.7 6.4 ± 2.1 0.491 

CD3 LH 5.5 ± 1.9 2.5 ± 1.1 <0.001 

CD3 FSH/LH ratio 1.2 ± 0.4 2.7 ± 0.97 <0.001 

CD3 E2 46.2 ± 40.6 38.9 ± 19.3 0.310 

Total Gn dose 2490.1 ± 949.9 2,790.9 ± 1,101.5 0.113 

FSH/HMG* 41/120 (25.5/74.5) 5/32 (13.5/86.5) 0.121 

Duration of stimulation (days) 11.2 ± 2.6 11.2 ± 1.4 0.916 

E2 At HCG triggering 3406.66 ± 2754.85 3203.58 ± 1990.731 0.760 

P At HCG triggering 1.1 ± 0.9 1.3 ± 1.1 0.897 

Endometrial thickness at hCG injection 11.11 ± 1.83 10.73 ± 2.73 0.389 

No of follicles > 16 mm 15.6 ± 6. 9 14.7 ± 6.3 0.648 

No of retrieved follicles 13.0 ± 7.1 12.3 ± 5.9 0.609 

Number of oocytes fertilized 6.8 ± 3.6 6.8 ± 2.9 0.947 

number of good ET 3.24 ± 0.99 3.43 ± 0.74 0.279 

Cancellation* 2/162 (1.2/98.8) 1/36 (2.7/97.3) 0.502 

All results are presented as Means ± SD. *Number (%). 
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Table 3. Outcome parameters. 

 FSH/LH < 2 FSH/LH ≥ 2 P value 

Clinical pregnancy rate 51 (35.2) 15 (42.9) 0.397 

Multiple pregnancies 13 (25.5) 5 (33.33) 0.367 

Abortions/pregnancies 5 (9.8) 0 (0) 0.379 

Ectopic/pregnancies 1 (2.0) 0 (0)  

All results are presented as numbers (%). 

5. Discussion 

FSH is required for folliculogenesis, however the final stages of maturation is 
optimized by LH (“Recombinant human luteinizing hormone (LH) to support 
recombinant human follicle-stimulating hormone (FSH)-induced follicular de-
velopment in LH- and FSH-deficient anovulatory women: a dose-finding study. 
The European Recombinant Human LH Study Group,” 1998) [17]. LH presence 
in the follicle prior to ovulation is required for optimal follicular development 
that ultimately provides a healthy oocyte [18] [19]. 

The LH receptors are developed in the granulose cells of ovarian follicles 
when it reaches 10 to 12 mm [20]. Early follicular phase of hormonal assessment 
[FSH, estradiol, serum inhibin B, and anti-mullerian hormone (AMH)] is usual-
ly used as a marker of OR (Broekmans et al., 2006). Low OR can be predicted in 
patients with high basal FSH > 10 u/l, antral follicle counts < 3 from both ova-
ries, and ovarian volume < 3 cm3. 

Even in patients who are at the same age, the response to ovarian stimulation 
during IVF cycles is different. The question is whether basal high FSH/LH ratio 
can predict the poor ovarian response and low pregnancy outcome? 

In the current study, we analyzed the IVF outcome of patients in which a good 
response is expected as all of them are younger than 35 years old [21] [22]. With 
normal basal FSH, there is no significant difference between both groups [6.2 ± 
1.7 in group A vs 6.4 ± 2.1 in group B] [4]. The groups were divided based on 
FSH/LH ratio: group A [<2], group B [≥2] [23]. There was a considerably higher 
basal LH in group A [5.5 ± 1.9] vs in group B [2.5 ± 1.1]. Consequently, the 
FSH/LH ratio was significantly higher in group B [2.7 ± 0.97] vs in group A [1.2 
± 0.4]. 

Our findings showed that the total dose and duration of stimulation are al-
most the same in both groups. 

Almost 10% of sub-fertile females show a poor response to controlled ovarian 
hyper stimulation during IVF [24]. The cancellation rate is a marker of good re-
sponse. Although in another study, the cancelation rate increased in patients 
with FSH/LH ratio of ≥2.0 [23], there was no notable difference between both 
groups in our results. 

In another study, lower peak E2 levels on the day of HCG triggering in pa-
tients with FSH/LH ratio > 3 was noticed [25]. In our study, E2 level was the 
same in both groups. 
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Our findings showed that there is no noteworthy difference in the pregnancy 
rate of both groups; [35.2% in group A vs 42.9% in group B]. It is similar to Se-
kin et al. They concluded that elevated day three FSH/LH ratio is useful in pre-
dicting IVF outcome in older women, but does not seem to be an accurate pre-
dictor in younger women [26]. 

Our findings contradict other studies [higher cutoff FSH/LH ratio], which 
showed that patients with FSH-LH ratios > 3 achieved considerably lower preg-
nancy rates [2]. However, all these studies lack sub-grouping of patients accord-
ing to age, an important predictor for OR [27]. 

A study by Overito showed that high basal LH was associated with lower ferti-
lization rate [2]. Dissimilarly, our study showed that no difference was found in 
the number of retrieved follicles or the fertilization rate [28].  

There are limitations to this study, including its retrospective nature and the 
small sample of group B. 

6. Conclusion 

In conclusion, our results demonstrated that FSH/LH ratio does not correlate to 
ovarian response or IVF success rate in women younger than 35 years old with 
normal baseline FSH.  
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