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Objective: To determine possible prediction of regular menses with aging in anovulatory women with polycystic ovary syndrome
(PCOS).
Design: Cohort.
Setting: Academic practice.
Patient(s): A total of 54 anovulatory women with PCOS and 28 age- and weight-matched control subjects.
Intervention(s): Blood and ovarian ultrasound at baseline and after 5 years.
Major Outcome Measure(s): Serum antim€ullerian hormone (AMH), gonadotropins, androgens, insulin sensitivity, and ovarian
ultrasound.
Result(s): After 5 years, there was a significant decrease in AMH in women with PCOS and control subjects (10 of 54 anovulatory
women became ovulatory after 5 years). There was a significant negative correlation between baseline serum AMH and ovulatory func-
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tion after 5 years. However, baseline serum AMH %4 ng/mL was associated with ovulatory
function.
Conclusion(s): Serum AMH may help predict ovulatory function with aging in anovulatory
women with PCOS. (Fertil Steril� 2012;98:1043–6. �2012 by American Society for Reproduc-
tive Medicine.)
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everal studies have suggested signs by their mid-40s, and �10% theymove from the third to the fifth de-
S that many of the symptoms and
signs of polycystic ovary syn-

drome (PCOS) may improve with aging
(1–4). Indeed, a proportion of women
with PCOS, previously with irregular
menses, may become more regular
and ovulate during late adulthood. In
our long-term longitudinal study of
193 women with PCOS, about 30% of
women had improved symptoms and
Received March 14, 2012; revised May 15, 2012; acce
E.C. has nothing to disclose. A.M.C. has nothing to dis

ing to disclose. D.K. has nothing to disclose. R.L
Reprint requests: Roger Lobo, M.D., Columbia Unive

16-65, New York, NY 10032 (E-mail: ral35@colu

Fertility and Sterility® Vol. 98, No. 4, October 2012 0
Copyright ©2012 American Society for Reproductive
http://dx.doi.org/10.1016/j.fertnstert.2012.06.017

VOL. 98 NO. 4 / OCTOBER 2012
could no longer be diagnosed as having
PCOS by established criteria. Another
20% of women had normal menses
and ovulatory function, but still met
the criteria for the diagnosis of PCOS
by the Rotterdam criteria (4).

These findings are at least in part
due to the decline in ovarian and adre-
nal androgens that occur in both nor-
mal women and those with PCOS as
pted June 7, 2012; published online July 6, 2012.
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rsity Medical Center, 622 West, 168 Street Rm.
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cade of life. In normal women, ovarian
androgen responses to hCG begin to de-
cline at the age of 30 years (5) and
a marked decrease in adrenal androgen
secretion takes place between the sec-
ond and fifth decades (6). Also, ovarian
size has been shown to decrease with
aging (7, 8).

In PCOS, some studies have shown
that both total and non–SHBG-bound
testosterone is �50% lower at 45–47
years compared with the levels found
in patients in their 20s and 30s (9). Sim-
ilarly, older patients with PCOS have
lower adrenal androgen levels and
smaller ovaries compared with young
women with PCOS (2, 9, 10). In our
longitudinal study, a decrease of
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testosterone levels of �25% and of DHEAS of �30% was
observed in 193 women with PCOS who were followed from
a mean age of 22 years to a mean age of 43 years (4).
Ovarian size was also reduced, with the mean ovarian size
decreasing by �20% (from 10.9 to 9.1 mL) (4).

Previous work has suggested that the regularity of men-
strual cycles with aging in women with PCOS may be related
to a smaller follicle cohort size in those women (11). However,
it has not been determined if any parameters may be useful in
helping to predict those women who will attain regular cycles
among the general population of womenwith PCOSwho have
irregular cycles. Here we sought to determine if any parame-
ters may be helpful in this regard in a prospective cohort of
womenwith PCOS followed for 5 years.We focused our atten-
tion on changes in levels of serum antim€ullerian hormone
(AMH), because it relates well to the size of the total follicular
cohort of the ovary.
MATERIALS AND METHODS
In this prospective study, 54 anovulatory hyperandrogenic
women with PCOS aged 35–39 years (mean 37 � 1 years)
were evaluated. The diagnosis of PCOS was made according
to Rotterdam criteria (12). The women had been treated previ-
ously with various therapies for menstrual irregularity (oligo-
menorrhea or amenorrhea) and/or hyperandrogenism (acne
or hirsutism) but had not received any treatment for R3
months before evaluation in this study. Menstrual cycles
were recorded for R3 months and oligomenorrhea was de-
fined as menstrual cycle intervals >35 days.

Twenty weight-matched normal ovulatory women of
similar age (mean age 37 � 1 years) also were evaluated ini-
tially and again after 5 years. Normal menses were defined as
cycles lasting 25–34 days.

In both PCOS and normal women, circulating levels of se-
rum LH, FSH, E2, total testosterone (T), 17-hydroxy-proges-
terone (17-OHP), progesterone (P), insulin, and AMH were
determined. Glucose levels were also assessed and insulin
sensitivity calculated by quantitative insulin sensitivity check
index (QUICKI) (13). Ovarian sonography was performed and
ovarian size determined.

After the initial evaluation, the patients were followed
without undergoing any specific treatment and were reas-
sessed after 5 years, at a mean age was 42 � 2 years. At
this time, the mean age of the control subjects was 41 � 2
years. After 5 years, 44 of the womenwith PCOS remained an-
ovulatory and ten were ovulatory (ovulatory PCOS: ovula-
tion–hyperandrogenism–polycystic ovaries). Menstrual
patterns were recorded for R3 months before the study and
at follow-up; normal and irregular menses were defined as
previously reported (see above).

Serum LH, FSH, E2, T, 17-OHP, DHEAS, and AMH were
determined during the follicular phase (days 5–8) of a sponta-
neous or progestin-induced cycle. Serum P was determined
on days 21–24 to determine ovulatory function. Serum insu-
lin and blood glucose were measured in the fasting state.

Serum hormone levels were quantified by well estab-
lished methods which had been validated previously in our
laboratory. All steroids were measured by specific RIAs after
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extraction using previously described methods (14). In all as-
says, intra-assay and interassay coefficients of variation did
not exceed 6% and 15%, respectively.

During thefirst evaluation, AMHwasmeasured by a com-
mercial ELISA provided by Diagnostics Systems Laboratory
(DSL 10–14400). At the second evaluation, because of the
consolidation of this company by Beckman Coulter, the Beck-
man assay was used (AMH Gen II assay). According to multi-
center studies (15, 16), the GEN 11 assays result in values
�30%–40% higher than the original DSL assay, but with
similar precision and an excellent between-assay agreement.
This conversion of AMH in ng/mL to pmol/L requires that
values be multiplied by 7.143.

Anovulation was defined as serum P <3 ng/mL (<9.54
nmol/L). In patients with normal menses, at least two consec-
utive menstrual cycles were studied, and the finding of low
levels of serum P (<3 ng/mL) in both cycles indicated the
presence of chronic anovulation.

Biochemical hyperandrogenism was defined as serum T
>60 ng/dL (>2.08 nmol/L) and/or serum DHEAS R3 mg/
mL (R7.8 mmol/L). These values for hyperandrogenism
have been previously validated with the use of the previously
described assays (17).

In all patients and control subjects, ovarian morphology
was assessed by pelvic ultrasound. Ovarian size was deter-
mined, as was the presence, size, and number of ovarian fol-
licles 2–10 mm.

The presence of polycystic ovaries was established by
the presence of ten or more peripherally oriented cystic struc-
tures in one ultrasonographic plane, each of which measured
2–10 mm in diameter, arranged around a dense stroma (17,
18). Ovarian volume was calculated by the formula p/6
(D1 � D2 � D3) where the dimensions (D) of length, width,
and thickness were used. The size of both ovaries was
assessed and mean ovarian size was calculated. According
to our data in normal women, increased ovarian size was
defined as a mean ovarian size >7.5 mL (19).

The adopted procedures were in agreement with the Hel-
sinki Declaration of 1975, and the study was approved by the
local Ethics Council of Palermo University. All subjects gave
their informed consents to participate in the study.
Statistical Analysis

Group means were compared with the use of analysis of var-
iance with post hoc evaluation by the method of least squares
and by pairwise means comparisons (after log transformation
of the values). Pearson test was used for correlations. All data
are presented as mean � SD.
RESULTS
At the initial evaluation (Table 1) women with PCOS had
a bodymass index (BMI; 28.2� 3 kg/m2) similar to, and levels
of circulating LH, LH/FSH ratio, T, DHEAS, insulin, and AMH
higher than matched control subjects of similar age. Insulin
sensitivity calculated by QUICKI was lower. Women with
PCOS also had increased ovarian volume (10.2 � 2.7 vs.
4.8 � 1.1 mL; P< .01). The same parameters were still
VOL. 98 NO. 4 / OCTOBER 2012



TABLE 1

Some clinical and endocrine parameters in 54 PCOS women and 20 control subjects aged 35–40 years and 5 years later.

Age, y BMI, kg/m2 LH, mUI/mL LH/FSH ratio T, ng/dL DHEAS, mg/mL AMH, ng/mL IRI, mU/mL QUICKI

PCOS 37 � 1 28 � 6 10 � 3.7 1.6 � 0.7 74 � 22 2.4 � 1 6.7 � 2.1 15.1 � 6.5 0.325 � 0.02
Control 37 � 1 27.4 � 3 6.4 � 1.4 1.1 � 0.2 28 � 11 1.8 � 1 1.7 � 0.7 9.4 � 2 0.355 � 0.02
PCOS 42 � 1 28 � 6 8.8 � 4 1.5 � 0.7 58 � 19 2.2 � 1.2 3.9 � 1.2 14 � 4 0.325 � 0.02
Control 42 � 1 28 � 4 6.5 � 1.1 1 � 0.3 25 � 16 1.7 � 1 1 � 0.7 9.5 � 2.4 0.351 � 0.02
Note: AMH ¼ antim€ullerian hormone; BMI ¼ body mass index; IRI ¼ immunoreactive insulin; PCOS ¼ polycystic ovary syndrome; QUICKI ¼ quantitative insulin sensitivity check index.
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significantly increased in PCOS women compared with con-
trol subjects when evaluated after 5 years (Table 1).

Comparing the values at the second evaluation with the
initial levels (5 years before) in both PCOS and control sub-
jects, a significant decrease of AMH was observed (Fig. 1),
whereas the values of T and DHEAS decreased significantly
(P< .01) only in women with PCOS (data not shown). No sig-
nificant changes in BMI, LH, LH/FSH ratio, insulin, QUICKI,
and ovarian size were observed. Interestingly, the mean
decrease in AMH was similar in women with PCOS
(40 � 12%) and control subjects (41 � 10%).

The women with PCOS who were ovulatory after 5 years
had lower serum LH, T, and AMH than the anovulatory group,
but the differences were significant only for AMH values
(2.4 � 0.8 vs. 4.3 � 0.90 ng/mL; P< .01). However, the ovu-
latory group of women with PCOS still had higher AMH
values compared with values in the normal aging control sub-
jects (1.0� 0.7 ng/mL; P< .01). Over the 5 years, there was no
significant change in ovarian size, BMI, or insulin sensitivity.

Presence of ovulation (evaluated by P levels) after 5 years,
at the mean age of 42 years, did not correlate with BMI or any
initial hormonal parameter at the age of 37 years, with the ex-
ception of AMH values (r ¼ �0.42; P< .05), suggesting that
a lower AMH level is associated with the chance of ovulatory
function. In line with this, patients who became ovulatory
with aging had significantly lower levels of AMH at their ini-
tial evaluation (anovulatory patients who became ovulatory:
4.8 � 1.7 ng/mL; vs. anovulatory patients who remained
FIGURE 1

Bar graph of values of antim€ullerian hormone (AMH) before and 5
years after in anovulatory and ovulatory group and control subjects.
PCOS ¼ polycystic ovary syndrome. **P<.01 vs. control and PCOS
becoming ovulatory.^̂P<.01 vs. control.
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anovulatory: 7.1� 2 ng/mL; P< .01). After 5 years,the ovula-
tory group had mean values of 2.4 � 0.8 ng/mL, which re-
mained significantly lower than the anovulatory group at
the same time point: 4.3 � 0.9 ng/mL (P< .01; Fig. 1).

Evaluating absolute values, we did not find a clear pre-
dictive value of AMH for ovulatory function, but women
with PCOS having AMH values <5 ng/mL had a 60% prob-
ability to ovulate by age 42, and all women having values
%4 ng/mL had ovulatory function. None of the women
who remained anovulatory had initial values of AMH <4
ng/mL. The complete range of values in the ovulatory group
was 3.1–8.0 ng/mL initially and 1.8–3.3 ng/mL after 5
years. Corresponding complete ranges in the anovulatory
group were 4.1–12 ng/mL initially and 2.9–7.3 ng/mL after
5 years.
DISCUSSION
In this study we assessed the endocrine profile of a group of
women with PCOS women aged 35–40 years who were
reevaluated after 5 years. The aim of this study was to under-
stand whether any hormonal or ovarian parameter may be
helpful in determining menstrual patterns and ovulatory
function as the disorder evolves with aging. It has been de-
scribed previously that with aging, women with PCOS show
a significant improvement in their endocrine profiles and
that this may be associated with the observation of more nor-
mal menses and ovulatory cycles (1–4). However, only
a proportion of patients normalize their menses and resume
ovulatory cycles.

In the present study, 10 anovulatory patients out of 54
(�20%) became ovulatory at a mean age of 42 years with
a prevalence of improvement that was similar to what we ob-
served previously (4). Here we showed that ovulation ap-
peared in women with PCOS who had lower values of AMH
values 5 years earlier. Although AMH levels correlated with
serum T and insulin, no significant correlation was found be-
tween changes in those hormonal parameters and ovulatory
function. Also in the 5 years of follow-up, we did not observe
changes in ovarian size, BMI, or insulin sensitivity. Clearly we
would expect to see such changes with a longer follow-up, as
has been described previously (4). Although the present num-
bers are small, with only 20% of the women having ovulatory
function at 5 years, the data suggest that a critical level of se-
rum AMH is �4 ng/mL. None of the group that remained an-
ovulatory had values below that value at their initial
evaluation.
1045



ORIGINAL ARTICLE: REPRODUCTIVE ENDOCRINOLOGY
One of the potential concerns in these data is that the as-
says for AMH were carried out with reagents from different
manufacturers, although we have been reassured that in
this instance, the assays are the same, and this occurred
merely due to a commercial acquisition. Moreover even if
values are slightly higher or lower between the assays in the
two time periods, it would have affected the subgroups in
the same way; and although absolute values and cutoff points
may not be precise, the trends, and therefore our conclusions,
are expected not to be different. It should also be noted that in
our previous study of a 20-year follow-up period (4), other pa-
rameters, such as T, were observed to decrease, which was not
the case here with only 5 years of observation. Our observa-
tions of excursions in AMH and menstrual function are
more appropriate with the shorter follow-up, in that a longer
follow-up puts many women into perimenopause or beyond.

It is well known that AMH levels are higher in women
with PCOS compared with normal control subjects of similar
age (20–24) and that among women with various phenotypes
of PCOS, the anovulatory group of women have the highest
AMH values (22). In addition, in PCOS, serum levels of
AMH generally correlate with serum androgens and with
insulin (21–23), which also relate to the more severe
phenotypes. Finally, earlier studies have found that
increased AMH levels in PCOS are not only correlated with
the increased number of small preantral follicles, but also to
some intrinsic abnormality of granulosa cell function (24).
These findings may signify that in some way, AMH levels
express the severity of the disorder probably reflecting the
severity of derangement in folliculogenesis (24). Also, these
data are similar but different from other data that in women
undergoing laparoscopic ovarian diathermy, the women
who became ovulatory had lower levels of serum AMH
before treatment (25).

These data would be consistent with the view that the
clinical improvement in women with PCOS is greater in those
women with less compromised folliculogenesis and perhaps
a smaller follicular cohort (11). Our prospective observation,
although small, of lower serum AMH predicting more ovula-
tory function may provide some useful clinical information in
counseling women with PCOS, and helps in our understand-
ing of altered folliculogenesis in women with PCOS.

We conclude that although serum AMH decreases with
age, values remain elevated compared with normal women,
even in those women with PCOS who have ovulatory func-
tion. Women with PCOS who become ovulatory with aging
have lower levels of serum AMH not only in the fourth de-
cade, but also at a younger age. We hypothesize that the level
of AMH possibly reflects the severity of the disordered follicu-
logenesis in women with PCOS, and that the occurrence of
ovulation with aging in women with PCOS occurs in those
women with a milder follicular derangement.
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