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ABSTRACT 

The diagnosis of climacteric disorders in gynecology 
is performed on the basis of symptoms rather than 
hormonal levels. Generally, the follicle-stimulating 
hormone (FSH) level increases when the 17β-estra- 
diol (E2) level decreases in menopause. However, the 
problem of these hormones should be determined by 
strict timing of sampling, and there are individual 
specificities of decreases of hormone levels. We consi- 
dered that anti-Mullerian hormone (AMH) can be 
measured at any time of the menstrual cycle and that 
it shows ovary functional decline earlier than FSH/E2, 
and we examined whether AMH would possibly be-
come a good index for climacteric disorders. The sub- 
jects were 163 healthy females and 21 patients with 
climacteric disorders between 20 and 59 years old. 
We examined AMH, FSH and E2 at the same time. It 
is understood that in healthy females, AMH decrea- 
ses with age and a decline in ovary function occurs at 
a relatively early age. Patients visiting clinics for cli-
macteric disorders often have normal-range serum 
FSH/E2 levels, and it is clear that these values could 
not serve as indices of menopause at these inspections. 
Upon measurement of AMH in patients with climac-
teric disorders, most showed less than normal range 
(< 14 pmol/L), suggesting a decline in ovarian func-
tion. In addition, AMH was low in females with cli-
macteric disorders compared with those without them. 
In conclusion, AMH was suggested as an objective in- 
dex for climacteric disorders and possibly as a new 
diagnostic marker.  

Keywords: Climacteric Syndrome; Anti-Mullerian Hor- 
mone (AMH), Kupperman Index(KI), Follicle-Stimu- 
lating Hormone (FSH), 17β-Estradiol (E2) 

1. BACKGROUND 

The diagnosis of climacteric disorders in gynecology is 
based on symptoms rather than hormonal levels. Cli- 
macteric disorders are mainly diagnosed by subjective 
symptoms with questionnaires such as Kupperman index. 
Most symptoms of climacteric disorders are nonspecific, 
such as hot flashes, stiffness in the shoulders, headache, 
dizziness and tinnitus, which are necessary to distinguish 
from other diseases. Furthermore, the amount of female 
hormones is very important for the diagnosis of climac-
teric disorders. Generally, the follicle-stimulating hormone 
(FSH) level increases when the 17β-estradiol (E2) level 
decreases in menopause. However, these hormones must 
depend on strict timing of sampling, and there are indi-
vidual differences in decreases of hormone levels. We 
often experienced the situation where serum FSH and E2 
levels were normal or borderline regardless of patients 
having typical climacteric disorders diagnosed by their 
symptoms. Actually, in our study of climacteric disorders 
we defined menopause as FSH of ≥ 40 mIU/mL, or as E2 
of ≤ 20pg/mL [1]. However, more than half of the pa-
tients already in menopause longer than half a year did 
not fulfill these criteria by random sampling. FSH might 
be lower than the standard, and E2 might be at a high 
normal level. Thus, it is difficult to diagnose climacteric 
disorders by hormonal levels. The levels of FSH, E2 or 
other hormones are not mentioned in the guidelines for 
hormone replacement therapy in Japan [2]. Because 
there are no diagnostic criteria for hormone levels, these 
may be cases diagnosed as a disease other than climac-
teric disorders when female sex hormones are at normal 
levels. Therefore, such cases might consult with cardio-
vascular or psychiatry departments. In those cases, often 
the cause of the symptoms is not found, and appropriate 
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treatment might not be given. On the other hand, anti- 
Mullerian hormone (AMH), called Mullerian-inhibiting 
substance, is a Glico protein hormone of 140 kDa belong- 
ing to the TGF-beta family [3]. The gene encoding AMH 
consists of five exons of 2.75 kb and is located in chro- 
mosome 19p33 [4]. In females, AMH is secreted from 
the mature ovarian follicle (pre-vesicular follicle and 
vesicular follicle) [5]. It is reported that the secretion 
ability of AMH in females increases with sexual matura- 
tion, and then is maintained at a comparatively adequate 
concentration. It then decreases with age, and after me- 
nopause, it is hardly secreted at all [6,7] Based on the 
above, AMH could become a marker of ovarian reserve, 
and it is now used as one of the ovarian reserve tests to 
predict ovary ability in assisted reproductive technology. 
Discovery of a new marker that can diagnose symptoms 
of climacteric disorders before elevation of the FSH 
level has been awaited. We focused on AMH, an index 
of ovarian reserve. It is thought that the decrease in ov- 
arian function is “a shift toward menopause”, and AMH 
became a possible marker that already reflected meno-
pause at an earlier stage. Some reports have suggested 
this possibility [8-10], but there is no report comparing 
this to the symptoms of climacteric disorders. Therefore, 
in this study, we aimed to investigate the correlation 
between AMH concentration and the symptoms of cli-
macteric disorders and to verify whether AMH could be 
used as a complementary index of the diagnoses of meno- 
pause. 

2. PATIENTS AND METHODS 

2.1. Study Objectives 

First, the age-related distribution of AMH was investi- 
gated in healthy Japanese females and compared with 
FSH/E2 and the AMH relation of their symptoms con- 
cerning menopause. Furthermore, in healthy females in 
their 20’s to 50’s and in patients consulting a physician 
due to symptoms of menopause, we examined the corre- 
lation of the severity of the symptoms with the AMH 
concentration. 

2.2. Subjects and Study Design 

The subjects were 163 healthy females and 21 patients 
with climacteric disorders aged 20 - 59 years. The age of 
average in healthy females and patients were 38.1 +/– 8.8 
years old and 49.0 +/–3.8 years old, respectively. In pa- 
tients we randomly enrolled in the order they came to the 
outpatient. Those with a past history of disease related to 
ovary function (polycystic ovary syndrome [PCOS], ov- 
arian cancer, ovarian cyst, etc.), with serum AMH at re- 
ference intervals of PCOS (44.98 pmol/L or higher), and 
the pregnant were excluded. We excluded physical dis-

eases such as thyroid disease using blood examinations 
and psychiatric diseases such as depression by Self-rat- 
ing Depression Scale (SDS) questionnaires. 

We explained the objectives of the study, asked them 
to fill out a questionnaire (Kupperman index, menstrual 
cycle, past history), and obtained written consent from 
all subjects. We examined AMH, FSH, and E2 all at same 
time. 

Statistical analysis was carried out as follows. The 
comparison between generations identifying dispersibil-
ity was done by Bartlett test. Multiple comparisons were 
done by Tukey-Kramer test in the case of equal disper-
sion or by Steel-Dwass test in the case of non-dispersion. 
Comparison of healthy subjects and patients with cli-
macteric disorders identifying dispersibility was done by 
F-test, and examined using Student’s t-test in the case of 
equal dispersion or Welch’s t-test in the case of non-dis- 
persion. Coefficient of correlation was obtained by Pear- 
son’s correlation test using PASW Statistics 18. Sensitiv- 
ity and specificity, and the distribution of frequencies 
were calculated by using cross tabulation of PASW Sta- 
tistics 18. StatLight 1997 (Yukms) was used for statis- 
ticcal analysis. 

2.3. Consideration of Ethical Aspects 

This study was approved by the ethical committees of 
the Graduate School of Medicine, Chiba University, the 
Graduate School of Pharmaceutical Sciences, Chiba Uni- 
versity and the Chiba University Environment Field Sci- 
ence Center. In addition, as genetic information and per- 
sonal medical information are critical to personal privacy, 
we managed all data very carefully with a stand-alone 
personal computer. 

3. RESULTS 

1) Hormonal measurement in healthy females (Table 1). 
The concentration of serum AMH in healthy females 

decreased remarkably with increasing age, and had de- 
creased significantly in all other age groups compared 
with the group in their 20’s. As the generations rose, ser- 
um FSH concentration also rose, showing significant in- 
creases in the 40’s and 50’s compared with the 20’s and 
30’s. The concentration of serum E2 decreased signify- 
cantly in the 50’s compared with all other age groups. 
No significant difference was shown in Kupperman index 
except a tendency of increase in the 50’s.  

2) Application of AMH to the diagnosis of climacteric 
disorders.  

Meaningful correlation (R = –0.244, P = 0.001) was 
found only in AMH in the examination of the correlation of 
each hormonal level and Kupperman index with the total 
healthy females and patients with climacteric disorders. 
There was no correlation with other hormones (Table 2). In  
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Table 1. Characteristics of serum hormone levels and Kupperman index in females by age. 

 age group 

 20 - 29 (n = 23) 30 - 39 (n = 67) 40 - 49 (n = 60) 50 - 59 (n = 13) 

AMH (pmol/L) 28.85 ± 6.59 22.21 ± 10.07a 6.56 ± 8.41bd 0.015 ± 0.038bde 

FSH (mIU/mL) 4.18 ± 1.42 5.12 ± 4.43 14.10 ± 19.59ac 54.71 ± 20.08bde 

E2 (pg/mL) 139.9 ± 128.7 124.1 ± 139.8 99.0 ± 111.2 14.5 ± 14.9bde 

Kupperman index 13.5 ± 8.07 14.6 ± 9.27 15.3 ± 8.32 17.6 ± 6.67 

mean ± S.D. aP < 0.05 compared with 20 - 29; bP <0.01 compared with 20 - 29; cP < 0.05 compared with 30 - 39; dP < 0.01 compared with 30 - 39; eP < 0.01 
compared with 40 - 49. 

 
Table 2. Correlation coefficient between score of Kupperman 
index and serum concentration of hormones in females. 

 

 AMH FSH E2 

R –0.233 0.066 0.055 

P 0.001** 0.371 0.450 

**P < 0.01. 

 
addition, when we divided the Kupperman in- dex into 
two groups, medium level (≥ 21) and low level (≤ 20), 
and compared AMH, the AMH concentration was sig-
nificantly lower in the medium level group (Figure 1). 
The median of AMH concentration of these two groups 
was between 6 and 16 pmol/L. The cut-off value of AMH 
was determined by examination of sensitivity and speci- 
ficity and tested by Fisher’s exact test. It was thought 
that 14 pmol/L had significantly high sensitivity and was 
an appropriate cut-off value of AMH (Table 3). Furthe- 
rmore, we compared the hormone concentrations of pa- 
tients with climacteric disorders and age-matched heal- 
thy females. AMH was significantly lower in the patients 
than in healthy females (Figure 2). FSH was the same in 
both, and E2 showed a higher tendency in the patient gro- 
up compared to the healthy group, but individual differ- 
ences were considerable with FSH and E2. Furthermore, 
when we compared the age matched healthy females wi- 
th KI score over 20 (n = 20) and patients (n = 20), sensi- 
tivity of AMH for patients with climacteric syndrome 
was found to be high, whereas specificity was found to 
low (Figure 3). Two patients in the circle strongly sus- 
pect patients with other disease, for example depression. 

Figure 1. Comparison of Kupperman index with serum con-
centration of AMH: normal (14≤) and lower (<14). **P < 
0.01. 

4. DISCUSSION 

OJIM 

 
Table 3. Sensitivity and specificity of Kupperman index cut- 
off by serum AMH levels. 

 AMH (pmol/L) 

 6 10 13 14 15 16 

sensitivity 0.50 0.59 0.66 0.70 0.70 0.72

specificity 0.65 0.59 0.54 0.52 0.50 0.50

P 0.059 0.020 0.014 0.005 0.008 0.005

For the diagnosis of climacteric disorders, patients diag- 
nosed on the basis of standard hormone values (FSH / 
E2) in blood samples taken at any time were very few 
compared with the subjective symptoms mentioned in 
the questionnaires. Therefore, as a candidate for a new 
diagnostic marker, we focused on AMH as an index of 
ovary function in the reproductive medicine area. As a 
result, a level of AMH under14 pmol/L was found to be 
the standard concentration in most patients complaining 
of symptoms of climacterium (Figure 2(a)). Moreover, 
it is assumed that the concentration of AMH is higher in 
healthy females in their 40’s and 50’s than the same- 
aged patients in menopause. Then, to examine whether 
AMH could be used as a diagnostic marker with climac-
teric disorders, AMH in healthy females was measured. 
The results showed a remarkable decrease in every fol-
lowing generation (Table 1). 

The change in these hormones by aging was thus con-
firmed in healthy females. In fact, the concentration of 
AMH falls under normal range in the 40’s and is not 
even detected in most in their 50’s. As for the concentra-
tions of FSH/E2, they did not meet the criteria of meno-
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pause in both healthy females and patients with climac-
teric disorders, even if they were already in menopause 
for over 1 year (Figures 2(b)-(c)). Because we did not 
limit the day of measurement according to the men- 
strual cycle in this study, high concentrations of FSH/E2 
were shown in females during the ovulation period. The 
concentrations of serum FSH/E2 are affected by the 
menstrual cycle, and it is problematic whether to use 
them for diagnosis of menopause or not, because the 
measurement day is fixed to obtain accurate data. To dis- 
tinguish menopause in a normal range of hormones, a 
different procedure, for instance, ultrasonography, is re- 
quired, and this adds to the patient’s economic and time 
burden. Moreover, it is difficult to predict menopause 
from these values, as a change in FSH/E2 is not gener- 
ated unless ovary function considerably deteriorates. Of 
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Figure 2. Comparison of serum concentrations of hormones 
between patients of climacteric symptoms (patients) and heal- 
thy subjects (control). *P < 0.05. 
 

 

Figure 3. Relation between KI and serum concentration of 
AMH in females with KI score over 20 at age of 40’s and 50’s: 
control (■, n = 20) and patients (♦, n = 20). Two patients in the 
circle suspect patients with other disease or normal. 

 
course, it is possible to use them only as an index, indi- 
cating that they are states after the completion of meno- 
pausal transition, as a definition of menopause. 

On the other hand, it was reported that AMH decrea- 
ses rapidly before the rise of FSH [8]. AMH was shown 
to remain unchanged throughout the menstrual cycle, 
while hormones related to female reproductive function 
such as FSH･E2･luteinizing hormone (LH) change dur- 
ing the menstrual cycle [8-10]. Moreover AMH does not 
show pulsality like FSH [11]. Thus, it is thought that AMH 
could possibly be a better index, as it can be measured at 
any time of the menstrual cycle, and it shows ovary 
functional decline earlier than FSH/E2. It is actually re- 
ceiving attention as a new technique of ovarian reserve 
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test in the genital medicine area [12].  
Next, it is generally understood that differences at the 

same age are relatively few, as can also be seen from the 
results of the present study. On this account, there is the 
opinion that the onset of menopause within five years 
can be predicted by measuring AMH [13]. In fact, AMH 
seems really suitable for such a prediction. The concen-
tration of AMH was significantly low in females with 
strong symptoms when the level of symptoms of meno-
pause by Kupperman index was divided into two groups; 
moderate degree or higher (≥21) and light or normal (≥ 
20) (Figure 1). We calculated the sensitivity and speci-
ficity of these between 6 and 16 pmol/L, which were the 
respective median values, and we searched for the cut- 
off value (Table 3). Sensitivity was found to be signifi-
cantly high at the cut-off value of 14 pmol/L. Consider-
ing that the normal range is from 14.3 to 45.8 pmol/L, 
this was thought to be appropriate as cut-off value. In 
addition, AMH significantly decreased in patients with 
climacteric disorders when we compared AMH between 
such patients and normal females in their 40’s and 50’s. 
Even if comparing them at the same age, the ones with 
menopausal symptoms would have lower AMH, sug- 
gesting again the usefulness of AMH as an index of cli- 
macteric disorders.  

The etiology of climacteric disorders has not yet be- 
come completely understood, but one cause is thought to 
be ovary function deterioration and resulting hormone 
balance collapse. AMH is secreted by follicle maturation 
and is concerned with control of the number of maturing 
follicles [14]. When menopause gets closer and the nu- 
mber of mature follicles decreases, AMH decreases and 
follicle maturation with FSH sensitivity also declines. In 
correspondence with this, the quantity of FSH secretion 
increases to cause ovulation. The decline of AMH may 
be one of the causes of climacteric disorders, as the bal- 
ance of hormones collapses from such a process, and it 
is thought that various kinds of physical illnesses may 
occur as a result.  

Activin, inhibin, GDF9, etc., which belong to the TGF- 
β-family [15], are factors that participate in maintaining 
hormone balance at follicle maturation and the menstrual 
cycle, as well as AMH. Inhibin B (INHB) is being stud-
ied as a marker that decreases earlier than FSH in meno- 
pause [16,17]. INHB promotes gonadotropin-releasing 
hormone (GnRH) secretion by falling before menstrual- 
tion, and its role is thought to involve the increase of FSH 
secretion [18]. Taken together, an increase in the secre- 
tion of GnRH and the secretion of FSH occurs because 
INHB decreases at the menopausal period. Further, the 
secretion of INHB is greatly variable depending on the 
menstrual cycle. However, as INHB is still only meas- 
ured at the laboratory level and, in general, its applica- 
bility is not widespread, for the present it is thought that 

AMH can be readily measured, and that it can become a 
reliable marker compared to INHB. 

In the present study, a significant correlation between 
AMH and Kupperman index was observed, and AMH 
fell below normal levels in most of the patients with 
climacteric disorders. Therefore, it was thought that AMH 
could be used as an objective marker to diagnose cli- 
macteric disorders, enabling the physician to depend not 
only on the patient’s complaints alone. For the diagnosis 
of climacteric disorders, the measurement of AMH is 
expected to be easily carried out in the near future. 

5. CONCLUSIONS 

1) The concentration of serum AMH decreased signify- 
cantly in healthy females with increasing age, and it was 
hardly detectable in their 50’s.  

2) Significant correlation was found between AMH 
and Kupperman index. It is clear that females with high 
Kupperman index and symptoms of climacteric disor- 
ders have low concentrations of AMH compared with 
healthy females of the same age. 
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