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Serum luteinizing hormone level and luteinizing 
hormone/follicle-stimulating hormone ratio but not 
serum anti-Müllerian hormone level is related to 
ovarian volume in Korean women with polycystic 
ovary syndrome 
Sungwook Chun

Department of Obstetrics and Gynecology, Inje University Haeundae Paik Hospital, Inje University College of Medicine, Busan, Korea

Objective: The aim of the present study was to investigate the relationship between ovarian follicle count and volume on ultrasonography and 
serum hormone levels including the levels of the anti-Müllerian hormone (AMH) and gonadotropin in women with the polycystic ovary syn-
drome (PCOS).
Methods: A total of 118 Korean women aged 18–35 years who were newly diagnosed with PCOS at a university hospital were included in this 
study. Serum LH, FSH, and AMH levels were measured in the early follicular phase, and the total antral follicle count (TFC) and the total ovarian 
volume (TOV) were assessed by ultrasonography. The correlations between serum hormonal parameters and ultrasonography characteristics 
in women with PCOS were evaluated using Pearson’s correlation coefficients and a linear regression analysis.
Results: Serum AMH levels were significantly correlated with serum LH levels and LH/FSH ratios, and TFC and TOV were significantly correlated 
with each other on ultrasonography. Serum AMH and LH levels and the LH/FSH ratio were significantly correlated with TFC. Statistically signifi-
cant correlations between TOV and the LH level (r= 0.208, p= 0.024) and the LH/FSH ratio (r= 0.237, p= 0.010) were observed. However, the 
serum AMH level was not significantly correlated with the ovarian volume, and this result did not change after adjusting for age and body mass 
index.
Conclusion: Serum AMH is not related to the ovarian volume in women with PCOS. My results suggest that serum LH level and the LH/FSH 
ratio may be more useful than the serum AMH level for representing the status of the ovarian volume in women with PCOS. 
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder, 

affecting up to 5% to 10% of women of reproductive age worldwide 
[1]. If the current diagnostic criteria are used [2], the presence of two 
of three of the following criteria is sufficient to diagnose PCOS: oligo- 
or anovulation, clinical and/or biochemical signs of hyperandrogen-
ism, and/or ultrasonographic evidence of polycystic ovaries (PCO) af-
ter exclusion of other etiologies. 

Increased antral follicle count (AFC) and increased ovarian size on 
ultrasonography are two cardinal features for the diagnosis of PCO. 
The ultrasonographic criteria for PCO requires the presence of ≥ 12 
follicles in either ovary measuring 2–9 mm in diameter and/or in-
creased ovarian volume ( > 10 cm3) [2,3]. Women with PCOS are likely 
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to have not only a higher AFC but also a greater ovarian volume [4,5].
Inappropriate gonadotropin secretion and increased serum anti-

Müllerian hormone (AMH) levels are the common hormonal features 
besides hyperandrogenism that are not included in the current diag-
nostic criteria for PCOS. Abnormal patterns of gonadotropin secre-
tion, including increased serum luteinizing hormone (LH) concentra-
tions, low–normal follicle-stimulating hormone (FSH) levels, and in-
creased LH/FSH ratios have long been recognized as common char-
acteristics of women with PCOS [6]. Women with PCOS have higher 
AMH concentrations than controls [7-10], and a high serum AMH lev-
el is regarded as a useful tool for the diagnosis of PCOS [11-13]. Both 
the serum AMH level [9,14-18] and the LH/FSH ratio [19,20] are sig-
nificantly correlated with AFC in patients with PCOS; however, the as-
sociations between these inappropriate hormonal characteristics of 
PCOS and the increased ovarian volume remain unresolved.

The aim of the present study was to investigate the relationship be-
tween serum gonadotropin and AMH levels in the early follicular phase 
and two cardinal ultrasonographic features for PCOS in Korean wom-
en with PCOS.

Methods 

1. Subjects
This study was approved by the Institutional Review Board of Inje 

University Haeundae Paik Hospital. Patients aged 18−35 years who 
first visited Inje University Haeundae Paik Hospital for irregular men-
struation and were diagnosed with PCOS between June 2010 and 
December 2013 were included in the study. All PCOS patients were 
diagnosed using the 2003 Rotterdam criteria (2 out of 3) as follows: 1) 
oligo-anovulation (menstrual cycle of > 35 days); 2) clinical and/or 
biochemical signs of hyperandrogenism; and 3) PCO as identified by 
ultrasonography, after the exclusion of other etiologies including 
congenital adrenal hyperplasia, androgen-secreting tumors, and 
Cushing’s syndrome [2]. Patients who were previously diagnosed 
with thyroid disease or hyperprolactinemia were also excluded from 
the present study. Clinical hyperandrogenism was defined by the 
presence of hirsutism (modified Ferriman-Gallwey score > 8) [21], 
and biochemical hyperandrogenism was defined as an elevated se-
rum androgen level beyond the 95% confidence limits defined in 
controls in the study by Chae et al. [22] (total testosterone > 0.68 ng/
mL, and/or free testosterone > 1.72 pg/mL). PCO on ultrasonography 
was defined as follows: 1) the presence of ≥ 12 follicles in each ovary 
measuring 2–9 mm in diameter; and/or 2) increased ovarian volume 
( > 10 mL). All participants met the ultrasonographic criteria for PCOS. 
Patients who had a history of previous ovarian surgery and those 
who had been taking oral contraceptives were excluded from the 
present study. Furthermore, any patient with at least one follicle with 

a diameter of ≥ 10 mm on ultrasonography was excluded from the 
study. Finally, 118 patients were enrolled in this retrospective study. 
The body mass index (BMI) was calculated by dividing the body wei-
ght (kg) by the square of the body height (m2).

2. Measurement of antral follicle count and ovarian volume by 
ultrasonography 

Transvaginal or transrectal ultrasound examination with a Voluson 
S7 (General Electric Systems, Seongnam, Korea) equipped with a 
7-MHz transvaginal transducer was performed in all participants in 
the early follicular phase between day 3 and day 4 of the menstrual 
cycle. For each ovary, the total number of all visible antral follicles 
measuring 2–9 mm in diameter was counted by continuous scan-
ning of the entire ovary, from the inner to the outer margins in a lon-
gitudinal cross-section. The ovarian volume was calculated using the 
simplified formula for a prolate ellipsoid (0.5×length×width×thick-
ness) [2]. The total ovarian volume (TOV) was defined as the sum of 
the right and the left ovarian volumes, and the total antral follicle 
count (TFC) was defined as the sum of the right and the left AFC.

3. Measurement of serum anti-Müllerian hormone, follicle-
stimulating hormone, and luteinizing hormone levels

Blood samples were collected from all participants in tubes without 
anticoagulants on the same day of ultrasonography in the early fol-
licular phase. Sera were obtained by centrifugation for the determi-
nation of serum hormone levels. Serum hormone levels, including 
AMH, FSH, LH, and total and free testosterone were measured using 
enzyme immunoassays. The serum AMH level was measured using 
the AMH Gen II assay (Beckman Coulter Inc., Brea, CA, USA). The se-
rum FSH level was measured using a Roche Elecsys FSH assay (Roche, 
Indianapolis, IN, USA), and the serum LH level was measured using a 
Roche Elecsys LH assay (Roche, USA). The last menstrual period was 
either spontaneous or induced by the administration of medroxy-
progesterone acetate (Provera, 10 mg/day for 7 days).

4. Statistical analysis
All data were expressed as mean ±SD. All statistical analyses were 

performed using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). The corre-
lations between serum hormone levels and ovarian morphological 
characteristics on ultrasonography were evaluated using Pearson’s cor-
relation coefficients and a linear regression analysis, and partial corre-
lation coefficients were used after excluding age from the analysis. Two-
tailed p-values <0.05 were considered significant for all the analyses.

Results 

The basal clinical and hormonal characteristics of participants are 
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presented in Table 1. 
The serum AMH levels were significantly correlated with the serum LH 

levels (r= 0.290, p= 0.004) and the LH/FSH ratios (r= 0.355, p< 0.001) 
(Figure 1A), but there was no significant relationship between the se-
rum AMH and the FSH levels (p= 0.081). 

Ultrasonography showed a highly significant correlation between 
TFC and TOV (r= 0.447, p< 0.001) (Figure 1B).

As shown in Table 2 and Figure 2A, the serum AMH levels were sig-
nificantly correlated with TFC (r= 0.515, p< 0.001). Both the serum 
LH level and the LH/FSH ratio were also significantly correlated with 
TFC (r= 0.242, p= 0.008 and r= 0.250, p= 0.006, respectively), where-
as the serum FSH level was not significantly correlated with TFC.

With respect to the ovarian volume, both the serum LH level and 
the LH/FSH ratio (Figure 2B) were significantly correlated with TOV (r 
= 0.208, p= 0.024; and r= 0.237, p= 0.010, respectively). However, 
no significant association was found between the serum AMH levels 
and the ovarian volume (p= 0.071). These results did not change af-
ter adjusting for age and BMI (Table 3). 

Discussion 

Increased AFC ( ≥ 12 follicles measuring 2–9 mm in diameter) and 
increased ovarian size (ovarian volume > 10 cm3) on ultrasonogra-
phy are two cardinal features for the diagnosis of PCO [2,4]. Although 
PCO on ultrasonography is one of the three diagnostic criteria for 
PCOS, a PCO pattern on ultrasound is not an exclusive property of 
PCOS. PCO appearance is found in approximately 23% of women of 
reproductive age, whereas estimates of the incidence of PCOS vary 
between 5% and 10% [23]. In the present study, I found that AFC in 

Table 1. Clinical and hormonal characteristics of participants

Characteristic Participants (n = 118)

Age (yr) 27.00 ± 5.67
Parity 0.19 ± 0.54
Body mass index (kg/m2) 22.46 ± 5.40
Testosterone (ng/mL) 0.34 ± 0.20
Free testosterone (pg/mL) 0.72 ± 0.73
TFC 46.17 ± 18.20
TOV (cm3) 21.13 ± 10.24
LH (IU/L) 10.42 ± 6.14
FSH (IU/L) 6.22 ± 1.71
LH/FSH ratio 1.71 ± 1.02
AMH (ng/mL) 9.86 ± 5.44

Values are presented as mean ± SD. 
TFC, total antral follicle count; TOV, total ovarian volume; AMH, anti-Müllerian 
hormone.

Table 2. Correlations between hormonal parameters and ultrasono-
graphic volumetric parameters 

TFC TOV (cm3)

r p r p

LH (IU/L) 0.242 0.008 0.208 0.024
FSH (IU/L) -0.062 0.507 -0.036 0.695
LH/FSH ratio 0.250 0.006 0.237 0.010
AMH (ng/mL) 0.515 < 0.001 0.183 0.071

TFC, total antral follicle count; TOV, total ovarian volume; r, Pearson’s correla-
tion coefficient; AMH, anti-Müllerian hormone.
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Figure 1. Correlations between (A) serum anti-Müllerian hormone levels and luteinizing hormone/follicle-stimulating hormone ratios; and (B) 
total antral follicle count and total ovarian volume. AMH, anti-Müllerian hormone; TFC, total antral follicle count; TOV, total ovarian volume. 
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patients with PCOS was significantly correlated with the serum AMH 
and LH levels and the LH/FSH ratio. However, I found no significant 
relationship between the serum AMH level and TOV in women with 
PCOS, although both the serum LH level and the LH/FSH ratio were 
significantly correlated with TOV. 

AMH is regarded as the most useful marker of the status of ovarian 
reserve [7,14], and a highly significant relationship between the se-
rum AMH level and AFC on ultrasonography was reported in numer-
ous studies [9,13-18]. Women with PCOS have high AMH concentra-
tions [8-10]. The pathogenesis of PCOS has been attributed mainly to 
disordered folliculogenesis causing oligo-ovulatory cycles or impaired 
folliculogenesis with increased preantral and small antral follicle counts, 
which resulted in high serum AMH levels [24,25]. Pigny et al. [8] re-
ported that the AMH level was positively related to the 2–5-mm AFC 
as determined by ultrasonography, but not to the 6–9-mm AFC. AMH 
has been proposed as a substitute for AFC in the diagnosis of PCOS 
[8,11,13]. Several cutoff values of AMH have been proposed [11-13, 

25]; however, because of varying sensitivity and specificity, the opti-
mal threshold remains unclear. The meta-analysis of the extracted 
data demonstrated the specificity and the sensitivity in diagnosing 
PCOS in the symptomatic women of 79.4% and 82.8%, respectively, 
for a cutoff value of AMH of 4.7 ng/mL [13].

In the present study, the serum AMH level was highly correlated 
with AFC, and the correlation between the AMH level and TFC (r=  
0.515) was higher than that between the LH level and TFC (r= 0.242) 
and that between the LH/FSH ratio and TFC (r= 0.250). My results 
were in agreement with those reported by Fanchin et al. [15], who 
showed that the serum AMH levels were more robustly correlated 
with the number of early antral follicles than inhibin B, E2, FSH, and 
LH on day 3 of the menstrual cycle. In contrast, I found no significant 
correlation between the serum AMH level and the ovarian volume, 
and this result is in disagreement with that of a previous study [26] 
showing that the AMH levels were positively correlated with the 
ovarian volume (r= 0.222, p= 0.027).
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Figure 2. Correlations between (A) serum anti-Müllerian hormone levels and total antral follicle count; and (B) serum luteinizing hormone/folli-
cle-stimulating hormone ratios and total ovarian volume. r, Pearson’s correlation coefficient; TFC, total antral follicle count; TOV, total ovarian 
volume.

Table 3. Correlations between hormonal parameters and ultrasonographic volumetric parameters after adjustment of age and body mass index

TFC TOV

r p ra) p r p ra) p

LH (IU/L) 0.242 0.008 0.313 0.002 0.208 0.024 0.235 0.021
FSH (IU/L) -0.062 0.507 -0.131 0.205 -0.036 0.695 -0.059 0.565
LH/FSH ratio 0.250 0.006 0.343 0.001 0.237 0.010 0.267 0.009
AMH (ng/mL) 0.515 < 0.001 0.515 < 0.001 0.183 0.071 0.186 0.070

TFC, total antral follicle count; TOV, total ovarian volume; r, Pearson’s correlation coefficient; AMH, anti-Müllerian hormone.
a)Partial correlation coefficient adjusted by age and body mass index. 
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Inappropriate secretion of LH and an abnormal LH/FSH ratio are the 
main factors associated with the continuation of the anovulatory 
state in PCOS subjects. Although abnormal LH secretion is not in-
cluded among the current Rotterdam diagnostic criteria for PCOS [2], 
it is included among the diagnostic criteria proposed in Japan (JSOG) 
[27]. The LH/FSH ratio is a valuable diagnostic tool for the evaluation 
of women with PCOS and oligomenorrhea or anovulation [28], and 
inappropriate LH secretion is inversely related to BMI and percentage 
body fat in a continuous fashion [19,29]. However, because the mea-
surement of gonadotropin levels in women with PCOS has produced 
varied results under different conditions, the role of the LH/FSH ratio 
in identifying women with PCOS remains controversial [30,31]. Some 
authors have reported that the LH/FSH ratios are significantly related 
to AFC [19,20] and the ovarian volume [19,32]. In our study, the se-
rum LH level and the LH/FSH ratio were significantly correlated with 
both AFC and the ovarian volume in women with PCOS, which is 
consistent with the results of a previous study [19].

The two main histological features of PCO are an excessive number 
of follicles, also termed as multifollicularity, and stromal hypertrophy 
[3]. Although AFC and the ovarian volume were significantly corre-
lated with each other in the present study, the main determinant of 
ovarian enlargement in women with PCOS is the volume of the ovar-
ian stroma. Increased stromal echogenicity and/or stromal volume 
are specific to PCO [3,5], and the ovarian stromal area and volume 
are significantly correlated with the levels of androstenedione [33,34]. 
At present, neither a qualitative nor a quantitative assessment of the 
ovarian stroma is required to define PCO because the measurement 
of the ovarian volume is a good surrogate for the quantification of 
stroma in clinical practice [2,4]. The ovarian volume can be more eas-
ily and reliably measured in routine practice than the ovarian stroma.

The present study showed a positive correlation between the se-
rum AMH level and AFC in women with PCOS; however, the serum 
AMH level was not significantly related to the ovarian volume on ul-
trasonography. One possible explanation is that the ovarian stromal 
volume is not significantly affected by the serum AMH level. You et 
al. [26] reported that the AMH levels are significantly correlated with 
the ovarian volume in Korean women with PCOS, and these results 
are contrary to the findings of the present study. However, in the 
study by You et al. [26], the correlation coefficient between the AMH 
level and the ovarian volume (r= 0.222) was smaller than that be-
tween the AMH level and AFC (r= 0.535), and it is possible that the 
correlation between the AMH level and the ovarian volume is mainly 
influenced by the positive effect of AMH on AFC and not on the ovar-
ian stroma in women with PCOS.

The present study has limitations that mostly stem from its retro-
spective study design and relatively small sample size. This study was 
a preliminary study, and I did not investigate other ultrasonographic 

parameters including ovarian stromal echogenicity and ovarian 
arterial blood flow indices.

In conclusion, the present study showed that the serum LH level 
and the LH/FSH ratio were significantly correlated with the ovarian 
volume, whereas the serum AMH level was not related to the ovarian 
volume in Korean women with PCOS. My results suggest that the 
serum LH level and the LH/FSH ratio are more useful for representing 
the status of the ovarian volume than the serum AMH level in wom-
en with PCOS. Further prospective large-scale trials are needed to 
confirm this preliminary finding.
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