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1. Introduction 
The purpose of ovarian reserve tests is to determine the 
number of eggs remaining in the ovaries and thus the 
ovarian response to ovarian stimulation. Antimullerian 
hormone (AMH), a dimeric glycoprotein that suppresses the 
development of Müllerian ducts, was first described by 
Josso (1). Various studies revealed that granulosa cells in 
the ovaries produced moderate AMH amounts after birth 
(2). AMH plays a role in the negative regulation of 
aromatase and luteinizing hormone (LH) receptor genes, 
increasing androgen production by theca cells while 
inhibiting the stimulatory effects of follicle stimulating 
hormone (FSH) on small and preantral follicle growth in 
postnatal ovarian tissue (3). Although antimullerian 
hormone (AMH) has been used as the greatest helper in 
recent years, it should be kept in mind that it may change 
with the menstrual cycle and may yield different results 
when studied with different methods (4).  

FSH, inhibin B, and estradiol (E2) levels measured on 
the 3rd day of the cycle were other tests used to evaluate 
ovarian reserve (5). Basal FSH level was expected to 
increase with age, possibly correlated with decreased 
inhibin-mediated feedback to the pituitary (6). Since inhibin 
B production was mainly from small antral follicles, its 

level decreased with age (7). Evaluation of E2 level together 
with FSH gave information about ovarian follicles (5). 

Transvaginal ultrasound was also an observer-dependent 
method, helping directly determine ovarian reserve by 
measuring ovarian volume or antral follicle count (8). To 
determine the number of antral follicles, FSH, and AMH 
levels; ovarian volume was independent of the menstrual 
cycle, although it was easier to determine ovarian volume 
with two-dimensional (2D) transvaginal ultrasound (8). 
Evaluating the relationship between ovarian weight and 
ovarian volume, Rosendahl et al. stated that one cubic 
centimeter equaled one gram by measuring with a 
microbalance (8). Although no research revealed a 
relationship between smoking and ovarian reserve, various 
studies claimed the opposite (9–11).  

The present study aimed to show the relationship 
between ovarian weight, volume, and number of follicles, 
AMH, LH, FSH, and E2. The primary aim was to observe 
to what extent we could rely on ovarian reserve testing for 
late fertility. 

2. Material and Methods 
We included in this study 190 patients scheduled for 
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hysterectomy in a tertiary hospital in Northern Turkey and 
excluded patients in the postmenopausal period, genital tract 
cancer patients, patients using hormones and patients 
scheduled for surgery because of ovarian mass. We 
recorded patients’ age, number of pregnancies, smoking 
habits, and BMI (weight/height squared) and evaluated 
FSH, LH, AMH, E2, endometrial thickness, right ovarian 
volume and left ovarian volume on the third day of 
menstruation. 

We carried out all hormone tests using a 
chemiluminescence immunoassay method (Abbott®); its 
normal ranges were 3.03-8.8 mIU/ml for FSH, 1.8-11.78 
IU/L for LH, and 21-251 ng/L for E2 in the follicular phase. 
Another chemiluminescence immunoassay method 
(Beckman-Coulter®) determined the AMH levels; its 
normal ranges were 0.07 -7.35 ng/ml. We conducted 
ultrasonographic measurements transvaginally by ESAOTE 
S.p.A./Italy model EA720 and measured endometrial 
thickness in mm. By taking the width, height and depth 
measurements of both ovaries in three dimensions, we made 
volume calculations with the formula D1xD2xD3x0.523 
(Fig. 1). We scanned both ovaries systematically and 
counted follicles 2 to 10 mm in diameter to determine the 
number of antral follicles. We measured the ovarian weights 
in grams with a microbalance after surgery (Denver 
Instrument APX-200®). 

 
Fig. 1. Calculation of ovarian volume ultrasonographically 

We obtained ethics approval number 2018/40 from the 
Clinical Research Ethics Committee of the University of 
Health Sciences Kanuni Training and Research Hospital. 
After informing all patients about the study, we obtained 
informed consent. 

For power analysis, we reached the requirement of 120 
patients to obtain a medium effect size (d = 0.5) with 80% 
power using version 3.01 of the G* Power software (Franz 
Faul, Kiel, Germany) at a significance level of 0.05. We 
performed the Kolmogorov-Smirnov test for conformity of 
the data to see the normal distributions. We used the Mann-
Whitney U test to analyze the data to determine the 
differences between groups and the Pearson correlation test 

as the basis for the regression analysis. We analyzed all data 
obtained with IBM SPSS Statistics for Windows, Version 
23.0, and p≤0.05 was significant. 

3. Results 
We included in this study 190 patients aged between 39 and 
44.9 years whose number of pregnancies varied between 1 
and 6. 72 were smokers while 118 were non-smokers. Table 
1 shows the ovarian reserve test and age and BMI results. 
The mean endometrial thickness was 10.6 ± 1.9 cm. BMI, 
E2, right ovarian and left ovarian volumes showed normal 
distribution in the Kolmogorov-Smirnov statistical analysis. 
AMH, FSH, LH, E2, the number of follicles in the ovaries, 
ovarian volumes, and ovarian weights seemed to be 
statistically unrelated to age. Endometrial thickness and 
BMI, E2, FSH, LH, AMH were statistically unrelated. 
AMH levels decreased with an increase in BMI (r=-0.125). 
No statistical differences were present between FSH, LH, 
E2, AMH, follicle counts and ovarian volumes according to 
the smoking status by the Mann-Whitney U test.  

Table 1. Biochemical and ultrasonographic ovarian reserve tests 
obtained on the third day of menstruation and age and body mass 
index data of patients 

 Mean ± SD 
Age (years) 42.2 ± 1.6 
BMI (kg/m2) 29.4 ± 2.8 
Follicle stimulating hormone 
(FSH) (mU/mL) 

7.4 ± 2  

Luteinizing hormone (LH) 
(mU/mL) 

10.4 ± 4.4  

Estradiol(E2) (ng/L) 75.3 ± 20.2  
AMH (ng/ml) 1.2 ± 0.6  
Right ovarian volume (cm³) 6.9 ± 0.5  
Left ovarian volume (cm³) 6.8 ± 0.5  
Right ovarian weight (grams) 6.9 ± 0.6  
Left ovary weight (grams) 6.9 ± 0.6  
Number of antral follicles in 
the right ovary 

2.5 ± 0.8 

Number of antral follicles in 
the left ovary 

2.5 ± 0.9 

AMH level was statistically unrelated to the number of 
pregnancies, FSH, LH, and E2. The number of follicles in 
the ovaries (r=0.982), ovarian volumes (r=0.817) and 
ovarian weights (r=0.798) were positively correlated with 
AMH levels. There was a significant positive correlation 
between ovarian volumes and ovarian weights and the 
number of follicles in the ovaries (r=0.912 and r=0.874, 
respectively). There was a significant positive correlation 
between ovarian volumes and ovarian weights (r=0.932). 

4. Discussion 
In recent years, the incidence of infertility has increased 
with an increase in the first gestational age (12). Therefore, 
we planned the patients included in this study to be women 
of late reproductive age. By resecting the ovaries, we could 
also evaluate their volumes and weights. 
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Ovarian reserve defines primordial follicles that increase 
in quality and quantity and decrease with age (13). 
Although no serum marker can directly measure the number 
of primordial follicles, AMH is an important helpful marker 
and decreases with age (14). AMH levels plateau around the 
age of 25 (15). Cui et al. reported median levels of AMH as 
2.35 ng/mL for 20-31 years old, 1.58 ng/mL for 32-34 years 
old, 1.30 ng/mL, 0.96 for 35-37 years old. ng/mL for 38-40 
years old, 1.05 ng/mL for 41-43 years old and 0.67 ng/mL 
for 43 years and older (16). The current study revealed the 
AMH level as 1.2 ± 0.6 ng/ml. While the AMH results were 
similar, they were slightly different. This difference may be 
due to the menstrual cycle and the patient profile included 
in the study. 

AMH occurs in the 36th week of pregnancy and cannot 
be detected at menopause (17). Fanchin et al. found the 
AMH level to be more associated with antral follicle 
number than inhibin B, FSH, and E2 levels in infertile 
patients (18). The data in the present study supported the 
literature. 

Sova et al. found higher AMH levels in obese polycystic 
ovarian syndrome (PCOS) patients than normal-weight 
patients while finding a negative correlation between serum 
AMH levels and BMI in the normal weight group (19). The 
current study revealed a negative correlation between the 
increase in BMI and AMH levels.  

Although serum AMH is an important indicator of 
ovarian reserve, the lack of an international standard for 
AMH and multifactorial variability are the primary 
handicaps of the test (20). Furthermore, this review shows 
that AMH and the number of ovarian follicles are correlated 
in many studies, but results may vary depending on the 
population and technique chosen (20). The present study 
revealed a positive and significant correlation between 
follicles numbers and the AMH level. 

The present study found no significant relationship 
between FSH, LH, E2 and AMH and smoking. Dafopoulos 
et al.’s research with 137 women found no significant 
relationship between smoking in FSH, LH, E2 progesterone 
and AMH levels (21). 

The current study also found no relationship between 
endometrial thickness and FSH, E2, AMH and BMI. This 
may be explained by the multifactorial variability of the 
endometrial thickness (22). FSH and LH were biochemical 
markers reflecting aging in women, and they deteriorated 
significantly after the age of 35 due to the decrease in 
ovarian reserve (23). The Buyalos and Danesmand studies 
showed that the E2 level in infertile patients entered the 
abnormal range within two years of observation (22). 
Although FSH, LH, and E2 levels are consistent with the 
current literature (24), they did not change with age in the 
present study. The homogeneity of our study group and the 

narrow age range of the patients have an important effect on 
this. 

In line with our findings, one cm³ ovarian volume was 
equal to one gram ovarian weight in Rosendahl et al.’s 
study (8). Although a positive relationship was present 
between the number of antral follicles and ovarian volumes, 
the role of the ovarian volume in determining ovarian 
reserve has not been fully defined yet (25,26). The present 
study revealed a significant positive correlation between 
ovarian volumes and the total ovarian weight and follicle 
count. 

AMH, ovarian volumes and ovarian weights, and AFC 
were crucial data for us in evaluating the ovarian reserve in 
women of late reproductive age. 
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