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Summary

Ovarian aging is expressed with altered menstrual cyclicity, endocrine and biochemical profiles and impaired fertility.
Shortening of the menstrual cycle may be the first signal of diminished ovarian reserve. Hormonal interplay in the aging
ovary is manifested as a monotropic FSH rise, decreased inhibin B concentrations and fluctuating estradiol concentrations.

Due to social changes, childbearing has been delayed, thus the group of women in their late thirties seeking infertility treat-
ment has been increasing. Intrauterine insemination (IUI) usually precedes more sophisticated assisted reproductive technol-
ogy (ART) treatments such as in vitro fertilization-embryo transfer (IVF-ET) and intracytoplasmic sperm injection (ICSI).
We present the outcomes of ART treatments achieved in our institution in women over 38 compared to younger women. The
pregnancy rate after [UI was 3.7% in women over 38 years, and 28.6% in women less than 38 years; after IVF-ET the cumu-
lative pregnancy rate was 16% (the miscarriage rate 21%) in women over 38, and 28% (13%) in women less than 38 years;
the cumulative pregnancy rate after ICSI was 9% (the miscarriage rate 26%) in women over 38, and 27% (the miscarriage
rate 14%) in women younger than 38 years. Women in advanced age should therefore be properly counselled and informed
about poor success rates, and about the high cost of infertility treatment.
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Introduction

Ovarian aging and age-related changes in the female reproductive life have become more actual and sig-
nificant due to changes in social development and altered attitudes that have resulted in delayed pregnancy
planning in developed countries [1].

Progressive decline in fertility with advanced age has created a new population of women presenting in
infertility centres for further investigations and treatment. The knowledge of physiology of the reproductive
function is therefore required of health care providers to be able to give the most adequate counselling about
the outcome of infertility treatments in women aged over 38.

Hypothalamic-pituitary ovarian axis is the first organ system in the body that ages to a state of non-func-
tion at a time when the function of most other organ systems in women is not impaired. There are two com-
peting hypotheses in regard to aging in the female reproductive system, yet they both consider that the rise
of monotropic follicle stimulating hormone (FSH) promotes further follicular depletion [2]. Women are born
with a finite number of primordial follicles in the ovaries. There is a progressive loss of primordial follicles
throughout life, but the loss starts accelerating approximately at the age of 38. The total loss of primordial
follicles in the ovaries occurs several years after menopause.

From the clinical point of view the changes in menstrual cyclicity, endocrine and biochemical profiles, and
fertility are important in predicting ovarian aging and should therefore be carefully considered.

Menstrual cyclicity

The chronological age does not always cope with the biological age. The women with apparently normal”
cycles can have a rather variable ovarian reserve. Shortening of the menstrual cycle may be the first signal
of diminished ovarian reserve.

Follicular recruitment usually begins during the late luteal phase, after the corpus luteum secretion of prog-
esterone, E, and inhibin has started to decline. FSH levels show an inverse pattern to E, levels and have an
acute elevation unaccompanied by LH for five days before the onset of menses, reaching the plateau two
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days after the onset of menses. Consequently, rising FSH levels stimulate a new cohort of ovarian follicles
to grow [3]. An explanation for shortening of the menstrual cycle has been suggested by Batista et al. [4]
who have found that in cycling women over 40 inhibin levels at the time of follicular recruitment are
decreased, implying a primary abnormality in the cohort of follicles that begin to grow in the luteal-follic-
ular transition. Reduced inhibin concentrations may be related to a gradual decline in the number and quality
of oocytes in the aging ovary. Due to decreased inhibin levels a disruption in follicular recruitment can occur
with consequent impaired length of the follicular phase and different timing of ovulation and corpus luteum
formation.

Endocrine and biomedical profile

The authors who published the first major study of serum gonadotropin and sex steroid levels in  women
both early and late in their reproductive lives were Sherman and Korenman [5]. They registered a striking
selective increase in the levels of serum FSH in older regularly cycling women, and significantly lower levels
of serum E,, LH and progesterone than in younger women. They proposed a regulatory hormone, an inhibin,
to be responsible for a negative feedback control over FSH secretion, reduced in the years before the
menopause due to a diminished number of follicles.

Both E, and inhibin are important components of gonadal influence on FSH. E, alone is not sufficient to
account for gonadal feedback, as illustrated by the failure of physiological levels of E, to suppress FSH into
the normal range in women with ovarian failure [6]. This explanation has been confirmed in the study on
women evaluated for idiopathic infertility; they were found to have elevated basal FSH and diminished
serum inhibin levels without a corresponding fall in serum E, levels [7]. Additionally, this explanation has
been confirmed by Klein et al. who found that aging women with elevated FSH levels have E, levels similar
to or higher than younger women, and significantly reduced inhibin B levels [8]. Therefore in women con-
tinuing to cycle regularly with increasing age the variations in serum E, allow the suggestion that E, itself
may not be a reliable marker of follicular number [9].

In premenopausal period FSH levels vary considerably; several years before the menopause FSH levels
gradually increase, the variability is high and it would be exceedingly difficult to identify meaningful cut-
off levels in cycling women.

Inhibins

Inhibins are dimeric, disulfide-linked glycoproteins, consisting of an alpha subunit and either beta (A) or
beta (B) subunit. Inhibin is synthesized in various tissues including brain, bone marrow, placenta, pituitary,
testes and ovary. Its primary role is the suppression of the pituitary secretion of FSH.

Circulating inhibin B is primarily a product of small follicles, whereas inhibin A is a product of the dom-
inant follicle and the corpus luteum. Inhibin B concentrations in the early follicular phase have been sug-
gested to reflect the ovarian reserve. As the woman approaches the menopause, serum inhibin B in the fol-
licular phase falls and this is accompanied by a rise in FSH. During the process of ovarian aging, the levels
of inhibin B during the follicular phase decrease earlier than those of inhibin A [10-12].

The aim of our previous study was to investigate the role of inhibins by assessing whether inhibin B is
increased in women that do not respond to gonadotropin stimulation. Therefore, we determined FSH, inhibin
B and E, levels in postmenopausal women, in women with premature ovarian failure, in poor responders to
gonadotropin, and in women with normal menstrual cycles and found that the interplay of FSH, inhibin B
and E, is of little, if of any value in predicting the ovarian reserve in women unresponsive to gonadotropin
stimulation. Only in menopausal women and in those with premature ovarian failure has their interaction
been defined [13].

Fertility

For approximately ten years it has been known that FSH levels measured on day 2, 3 or 4 of the menstrual
period are highly predictive of future fertility. An FSH level > 14 1U/l is associated with only a 5-percent
chance of achieving a pregnancy; also, normal FSH and high estrogen levels on day 3 are not promising for
predicting fertility. This paradoxical finding suggests that the estrogen level is too high early in the cycle,
which in turn suppresses FSH and further follicular growth.
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The loss of fertility is the first sign of reproductive aging, usually associated with a monotropic FSH rise
and changes in menstrual cyclicity. It appears that a single elevated FSH level represents severely dimin-
ished ovarian reserve and a poor prognosis for pregnancy even if the FSH levels in subsequent months are
normal.

A clomiphene-citrate challenge test is one of the options to test ovarian reserve; in fact it is a screening test
that predicts fertility options. Clomiphene citrate is administered from day 5 to 9 of the menstrual cycle in a
daily dose of 100 mg. Levels of FSH are determined on days 3 and 10. The FSH level < 10 IU/l on days 3 and
10 is considered normal and represents the normal ovarian reserve. The levels between 11 and 15 U/l on day
10 are intermediate and are associated with lower fertility and higher miscarriage rate [14-16].

Infertility treatment in women with advanced age

To many women deferring their reproduction, the options to treat their infertility have been offered by
assisted reproduction technologies (ART). However, the age-related decline in pregnancy rates and a
markedly elevated incidence of spontaneous abortion rates are observed also in ART [17]. Advanced mater-
nal age is connected to chromosomal abnormalities, found in 50% of all first trimester abortions, most of
them being autosomal trisomic defects [18].

Intrauterine insemination (TUT) is generally considered to be an intermediate step of low complexity before
the application of more sophisticated ART, such as in vitro fertilization (IVF) or intracytoplasmic sperm
injection (ICSI). According to the literature [19] there is a sharp contrast to the pregnancy rates in patients
less than 39 years old (21% pregnancy rate per patient, 10% per cycle) than in older women (14% preg-
nancy rate per patient, 5% per cycle) that also exhibited an extremely high pregnancy wastage rate (73%).

The results of TUI performed at our department also clearly demonstrate the influence of age on the
success of the procedure (Table 1).

The data on miscarriage rates are lacking because

Table. 1.-—. Pregnancy  rates acﬁieved by intrauterine  of incomplete follow-up of the patients.
;Zf)i’:ll';z?‘;:a;"jfg‘;ﬁz(ﬁd{999'2000 in women over 38 and in Besides maternal age the outcome of TUT is
strongly connected to the patient’s history of pelvic

Age . . . .
inflammation that seems to decrease the likelihood
> 38 years < 38 years . .

No. of patients 27 260 of conception by IUIL On the contrary, unexplained
No. of cycles 67 757 and anovulatory causes of infertility are etiologies
Cycles/patient 2.48 291 with a relatively better prognostic value for preg-
No. of pregnancies 1 73 nancy [20]. However, the outcome of IUI depends
Pregnancy rate/patient 3.7% 28.6% h ality of s - th f ]
Pregnancy rate/cycle 1 5% 9.9% on the quality of semen; the presence of severe male

factor infertility demands more sophisticated treat-
ment modalities such as IVF or ICSL

It has been generally accepted that IUI is a useful and cost-effective treatment modality for some infertil-
ity etiologies. Since the woman’s age is one of the factors having a great influence on the outcome of 1UI,
it is of utmost importance that the procedure is not repeated more than two to three times. The patients
should very soon thereafter be counselled on the IVF-ET procedure. The outcomes of IVF-ET treatment in
women over 38 and in women less than 38 years old, registered at our Department, are shown in Table 2.

Table 2. — Pregnancy rates achieved by IVF-ET in the period

-2001 i - ] se less ? . . .
1996-2001 in women over 38 and in those less than 38 years old Women with advanced reproductive age have by

Age . ~

= far smaller chances to achieve a successful preg-
No. of patients z 3§2y6€ars < 3287%'?’“ nancy with IVF-ET than those who are younger.
No. of cycles 508 3157 Considering a high miscarriage rate 'and' a low preg-
Cycles/patient 1.1 1.1 nancy rate it seems reasonable to highlight the fact
No. of pregnancies 98 882 that the cost of a delivery per an initiated cycle is 3.6
gizggzzg :f:gf;‘i‘]zm 146130 ;?ZD times higher than in younger women [21].

3 ate/cyc b o ) 1 .

Cué’wlative pregnancy rate 16% 28% In case of male infertility ICSI procedures are effec-

Ectopic pregnancy rate - 2% tive in younger women, while in those over 38 years
Miscarriage rate 21% 13% of age the results are not encouraging.
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Table 3. — Pregnancy rates achieved by ICSI in the period 1996- It is obvious that in patients with advanced age
2001 in women over 38 and in those less than 38 years old. there is a significant decline in success rates obtained
yom by IVF-ET and ICSI. Besides poor ovarian response
and high percentage of cancelled cycles, oocyte
> 38 years < 38 years f: . .

actors seem to be most importantly responsible for
No. of patients 280 1878 poor outcomes. Some efforts, including special stim-
g;;;z /([.:)}:t;ilzzt 3155 211'5]6 ulation protocols,'zona pell'ucic%a micrgmanipulation
No. of pregnancies 3 466 and pr'e1mplantat1on genetic diagnostic procedures
Pregnancy rate/patient 1% 25% could improve the success rate, although not substan-
Pregnancy rate/cycle 9% 22% tially. It is of utmost importance that women with
Cumulative pregnancy rate 9% 27% advanced age undergoing ART procedures are prop-
Ectopic pregnancy rate 6% 2% erly informed and counselled about the poor success

Miscarriage rate 26% 14% and high costs of their infertility treatment.

References

[1] Meldrum D.R.: “Female reproductive aging - ovarian and uterine factors”. Fertil. Steril., 1993, 59, 1.
[2] Soules M.R., Battaglia D.E., Klein N.A.: “Inhibin and reproductive aging in women”. Maturitas, 1999, 30, 193.
[3] Roseff S.J., Bangah M.L., Kettel L.M., Vale W., River J., Burger H.G.: “Dynamic changes in circulating inhibin levels during the
luteal-follicular transition of the human menstrual cycle”. J. Clin. Endocrinol. Metab., 1989, 69, 1033.
[4] Batista M.C., Cartledge T.P., Zellmer A.W., Merino M.J., Axiotis C., Bremner W.J. ez al.: “Effects of aging on menstrual cycle
hormones and endometrial maturation”. Fertil. Steril., 1995, 64, 492.
[5] Sherman B.M., Korenman S.G.: “Hormonal characteristics of the human menstrual cycle throughout reproductive life”. J. Clin.
Invest., 1975, 55, 699.
[6] Chetkowski R.J., Meldrum D.R., Steingold KA, Randle D, Lu JK, Eggena P. et al.: “Biologic effects of transdermal oestradiol”.
N. Engl. J. Med., 1986, 314, 1615.
[7] Buckler HM., Ewans C.A., Mamtora H., Burger J.G., Anderson D.C.: “Gonadotropin, steroid and inhibin levels in women with
incipient ovarian failure during anovulatory and ovulatory rebound cycles”. J. Clin. Endocrin. Metab., 1991, 72, 116.
[8] Klein N.A., Illingworth P.J., Groome N.P., McNeilly A.S., Batttaglia D.E., Soules M.R.: “Decreased inhibin B secretion is asso-
ciated with the monotropic FSH rise in older, ovulatory women: A study of serum and follicular fluid levels of dimeric inhibin A
and B in spontaneous menstrual cycle”. J. Clin. Endocrinol. Metab., 1996, 81, 2742.
[9] Burger H.G.: “Diagnostic role of follicie-stimulating hormone (FSH) measurements during the menopausal transition - an analy-
sis of FSH, oestradiol and inhibin”. Eur. J. Endocrinol., 1994, 130, 38.
[10] Petraglia F., Zanin E., Faletti A., Reis FM.: “Inhibins: Paracrine and endocrine effects in female reproductive function”. Curr. Opin.
Obstet. Gynecol., 1999, 11, 241.
[11] Metcalf M.G., Donald R.A.: “Fluctuating ovarian function in a perimenopausal woman”. N.Z. Med. J., 1979, 89, 45.
[12] Metcalf M.G., Donald R.A., Livesey J.H.: “Pituitary ovarian function in normal women during the menopausal transition”. Clin.
Endocrinol., 1981, 14, 245.
[13] Meden-Vrtovec H.: “Age-dependent changes in reproductive function”. Int. Congr. Symp. Semin. Ser., 2001, 16, 33.
[14] Bukman A., Heineman M.J.: “Ovarian reserve testing and the use of prognostic models in patients with subfertility”. Hum. Reprod.
Update., 2001, 7, 581.
[15] Corson S.L., Gutmann J., Batzer F.R., Wallace H., Klein N., Soules M.R.: “Inhibin B as a test of ovarian reserve for infertile
women”. Hum. Reprod., 1999, 14, 2818.
[16] Levi A.J., Raynault M.E, Bergh P.A., Drews M.R., Miller B.T., Scott R.T.: “Reproductive outcome in patients with diminished
ovarian reserve”. Fertil. Steril., 2001, 76, 666.
[17] Fitzgerald C.T., Seit H.W., Killick S.R., Bennett D.A.: “Age related changes in the female reproductive cycle”. Br. J. Obstet.
Gynaecol., 1994, 101, 229.
[18] Goddijn M., Leschot N.J.: “Genetic aspects of miscarriage”. Bailliers. Best. Pract. Res. Clin. Obstet. Gynecol., 2000, 14, 855.
[19] Frederick J.L., Denker M.S., Rojas A., Horta I., Stone S.C., Asch R.H. et al.: “Is there a role for ovarian stimulation and intra-
uterine insemination after age 40”. Hum. Reprod., 1994, 9, 2284.
[20] Duran H.E., Morshedi M., Kruger T., Oehninger S.: “Intrauterine insemination: a systemic review on determinants of success”.
Hum. Reprod. Update., 2002, 8, 373.
[21] Suchartwatnachai C., Wengkularb A., Srisombut C., Choktanashiri W., Chinsomboon S., Rojanasakul A.: “Cost-effectiveness of
IVF in women 38 years and older”. Int. J. Gynecol. Obstet., 2000, 69, 143.

Address reprint requests to:

H. MEDEN-VRTOVEC, M.D., Ph.D.
Senior Counsellor, Professor and Head
Department of Obstetrics and Gynecology
University Medical Centre Ljubljana
Slajmerjeva 3

SI-1000 Ljubljana (Slovenia)



