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BACKGROUND: The cause of declining fertility with age, in women who still have regular menstrual cycles, is not

clear. METHODS: Follicle development, endometrial growth and hormonal patterns were evaluated in cycles of

older women (aged 41±46 years; n = 26) who previously were normally fertile, and these cycles were compared with

a reference group of relatively young fertile women (aged 22±34 years; n = 35). RESULTS: Clearly abnormal cycles

were found in only two women in the older age group, and in one woman in the younger group. The main differ-

ences between the age groups were a shorter follicular phase and cycle length in the older group, in combination

with higher FSH levels in the late luteal and early follicular phase. In contrast to published data which suggest an

`accelerated' follicle development in older women, sonographical and hormonal evidence was found of an

`advanced' follicle growth, with an earlier start already during the luteal phase of the preceding cycle, and an

advanced selection and ovulation of the dominant follicle. CONCLUSIONS: Such an earlier start of follicle growth

in a possibly less favourable hormonal environment, as well as a limited oocyte pool, may contribute to a decreased

follicle and oocyte quality, resulting in diminished fertility in ageing women.
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Introduction

On average, female fertility declines from the age of 30 years

onwards (van Noord-Zaadstra et al., 1991) or even earlier

(Leridon, 1977). In so-called natural breeding populations

when no contraceptive measures are used, the end of fertility is

reached at a median age of 40±41 years (Bongaarts, 1982;

Wood, 1989). Menstrual cycles, however, continue to be

remarkably regular until a mean age of 45±46 years (Treloar,

1981), and it takes another 5 years before menopause is reached

(den Tonkelaar et al., 1998). The postponement of childbear-

ing, which is a demographic trend in all Western countries,

contributes considerably to the increasing proportion of

subfertile couples (Mosher and Bachrach, 1996). The cause

of declining fertility in elderly women who still have regular

menstrual cycles, is not clear, but possible explanations include

a higher incidence of subtle cycle disorders such as anovulatory

or luteinized unruptured follicle (LUF) cycles, hormonal

changes, diminished uterine receptivity, or an oocyte factor.

Age-dependent hormonal changes have been described by

several authors. The earliest endocrine change associated with

reproductive ageing is a selective rise of FSH in the early

follicular phase from age 35±40 years onwards (Sherman et al.,

1976; Reyes et al., 1977; Musey et al., 1987; Lee et al., 1988;

Fitzgerald et al., 1994; Klein et al., 1996a). A rise of LH also

occurs, albeit 5 to 10 years later (Ahmed Ebbiari et al., 1994).

The available data relating to estradiol and progesterone do not

show a consistent pattern. It has been suggested that the rise of

FSH is caused primarily by a decreased secretion of ovarian

inhibin. A negative association between FSH and inhibin B in

the early follicular phase has been demonstrated (Klein et al.,

1996b), but no such association could be shown for inhibin A.

A likely explanation is that inhibin A is synthesized by the

dominant follicle and the corpus luteum, whereas inhibin B is

secreted by granulosa cells of developing antral follicles.

Evidence is accumulating that a selective rise of FSH is due to

diminished negative feedback by inhibin B during the early

follicular phase (Groome et al., 1996; Klein et al., 1996b) and

by inhibin A during the preceding luteal phase of the cycle
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(Danforth et al., 1998; Reame et al., 1998; Santoro et al., 1999;

Welt et al., 1999), acting in a tandem fashion to restrain FSH

secretion (Santoro et al., 1999).

Although much is known about hormonal patterns and

follicle development in the normal menstrual cycle, it is

dif®cult to de®ne cycle abnormalities unless there is no follicle

growth at all or no ovulation. In the present study, observations

in young and fertile women were used as a reference of cycle

normality. The cycles of these women were considered as

normal unless de®nite abnormalities could be seen, such as

absence of follicle development or ovulation.

The aims of the present study were to: (i) obtain reference

values for cycle normality from a group of relatively young

fertile women who have regular menstrual cycles; and (ii)

evaluate whether follicle growth, ovulation, hormonal patterns

and endometrial development in older women differ from this

reference group, and, if present, whether such differences may

explain the age-related loss of fertility.

Materials and methods

Subjects

The study was conducted at the department of Reproductive

Endocrinology and Fertility of the University Medical Center,

Utrecht. Approval was obtained from the local ethics committee,

and written informed consent was obtained from all participants.

Healthy women (aged 22±46 years) were recruited by advertisement

in local newspapers. Volunteers were enrolled in the study if they met

the following criteria: (i) regular menstrual cycles varying from 21 to

35 days; (ii) biphasic basal body temperature (BBT); (iii) proven

natural fertility by having had at least one pregnancy; (iv) each of the

pregnancies had to be established within 1 year after discontinuing

contraception; (v) no evidence of endocrinological disease; (vi) no

history of ovarian surgery; (vii) no ovarian abnormalities as assessed

by vaginal ultrasound; and (viii) cessation of hormonal contraception

at least 2 months before entering the study protocol. The volunteers

received monetary compensation for study participation.

Experimental design

A relatively older group of women who previously were normally

fertile [n = 26; median age 42 (range 41±46) years] was compared with

younger women, the reference group [n = 35; median age 31 (range

22±34) years]. Investigations were started in the midluteal phase of the

®rst study cycle. The luteal phase was assumed to have started when a

temperature rise on the BBT chart had been observed. The

temperature was considered to be elevated if it was higher than the

temperature on any of the six preceding days (World Health

Organization, 1967). From the seventh day after the temperature

shift, the volunteers visited the authors' research department every 2

or 3 days for ultrasound scans in which the size and number of all

follicles >2 mm in diameter, were counted and measured, and

endometrial thickness was determined. Blood samples were taken at

each visit and stored for determination of FSH, LH and estradiol (E2).

Inhibin A and B were also determined in those blood samples closest

to the start of the menstrual period. After menstruation had started in

the subsequent cycle (cycle 2), the volunteers returned on cycle day 2,

3 or 4 for ultrasound scanning and for E2, FSH, LH, inhibin A and B

measurements. Thereafter, the same measurements (except for inhibin

A and B) were performed every 2±3 days. When the dominant follicle

had reached a mean diameter of at least 14 mm, ultrasound scans were

performed and blood samples taken daily until ovulation had occurred.

Ovulation was de®ned as a complete disappearance of the follicle or a

reduction of its mean diameter by at least 5 mm (Janssen-Caspers et al.,

1986; Check et al., 1990). After ovulation, an ultrasound scan was

performed in the midluteal phase, and blood was taken at the same

time for measurement of progesterone. The duration of the follicular

phase was de®ned as the period of time (in days) from and including

the day the menstrual period started, until and including the last day

that the dominant follicle was present before ovulation. The duration

of the luteal phase was considered to be the interval following

ovulation up to and including the day before the onset of menstruation.

Hormone assays

Blood sampling and transvaginal sonography were performed on the

same days. Hormone concentrations were measured in plasma (E2,

FSH, LH and progesterone) and serum (inhibin A and B) specimens

stored at ±20°C until processed. E2 concentrations were assayed using

a microparticle enzyme immunoassay (MEIA) kit (Abbott

Laboratories, Abbott Park, IL, USA) and a semi-automated IMx

analyser. Between-run coef®cients of variation (CV) for E2 were 10.1,

7.0 and 6.9% at 533, 1354 and 4197 pmol/l respectively (n = 49, 49 and

30). Concentrations of FSH, LH and progesterone were measured

using a fully automated AxSYM immunoanalyser (Abbott

Laboratories) according to the manufacturer's instructions. All

specimens from each volunteer were analysed in the same run, with

all assays based on MEIA technology. The standard of the LH assay

was calibrated against the WHO First International Reference

Preparation for human LH (68/40), whereas that of the FSH assay

was referenced against the WHO Second International Reference

Preparation for human FSH (78/549). For progesterone, the inter-assay

CV was 14.1% at 3.5 nmol/l, 7.8% at 19.0 nmol/l, and 9.9% at 71.2

nmol/l (n = 51). For LH, the between-run coef®cients of variation were

5.5, 7.2 and 7.9% at 4.8, 39 and 83 IU/l respectively (n = 48). For FSH,

the between-run CV was 6.0, 6.6 and 8% at levels of 5.0, 25 and 75 IU/l

respectively (n = 46). Inhibin A and inhibin B levels were measured

using an immunoenzymometric assay (Serotec, Oxford, UK) (Groome

et al., 1996). Intra- and inter-assay CVs for inhibin A and inhibin B

assays were <7.7 and <8.0%, and <14.6 and <14.0% respectively.

Transvaginal ultrasound

All transvaginal ultrasound measurements were performed by the

same observer (G.J.S.) using a 7.5 MHz transvaginal probe on a

Toshiba Capasee SSA-220A (Toshiba Medical Systems Europe BV,

Zoetermeer, The Netherlands). The ovary was examined by scanning

from the outer to the inner margin in longitudinal cross-sections

(Pache et al., 1990). All follicles were measured and counted. Mean

follicle diameters were calculated from two or three perpendicular

measurements depending on the diameter (<6 mm in two directions;

>6 mm in three directions) by taking the mean of the measurements. In

the analysis of dominant follicles, only follicles with a mean diameter

>10 mm were included because follicles <10 mm may initially grow,

but fade away later on (Pache et al., 1990). Follicles of 2±10 mm

diameter were considered as antral non-dominant follicles. By

including follicles up to 10 mm diameter, the maximal antral follicle

cohort is represented. Good accuracy was found in an in-vitro study of

small cystic structures, as well as good intra-observer reproducibility

of antral follicle numbers and sizes of dominant follicles in seven

patients (Pache et al., 1990). An inter-observer reproducibility study

performed in 37 volunteer women showed an adequate reproducibility

of small follicle numbers (Scheffer et al.., 2002), while in an earlier

study a good correlation was observed between the calculated volume

of pre-ovulatory follicles and the volume of aspirated follicular ¯uid

(O'Herlihy et al., 1980). Endometrial thickness was expressed as the

total sonographic thickness of the two layers of the endometrium.
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Methods of analysis

Sonographic and hormonal observations were started in the luteal

phase (cycle 1) because events in the luteal phase are likely to

in¯uence the follicular phase of the subsequent cycle (cycle 2). In

order to synchronize hormonal and ultrasound data obtained during

the course of an ovarian cycle, several time-markers were used. The

time after the BBT-rise was used in cycle 1 to describe the subsequent

events of the luteal phase. The nadir before a temperature rise was

considered as day 0. The start of the menstrual period in the

subsequent cycle was used to describe the follicular phase

prospectively, and the day of the LH peak (the day the highest LH

level was reached during the LH surge) to investigate the follicular

phase retrospectively. Finally, the progesterone determinations in this

cycle were timed 7 days after ovulation. Ideally, a time-marker is a

well-de®ned, clearly recognizable event, but any of the markers

mentioned had its drawbacks. The lack of precision of the BBT-rise as

a marker of ovulation is well known (Barrett and Marshall, 1969;

Dunson et al., 1999). The time point at which a menstrual period is

considered to start is a subjective choice of the woman, especially

when there is no abrupt start of the bleeding as often is the case. It is

also uncertain whether the onset of shedding of the endometrium

corresponds with the hormonal events, or also depends on endometrial

factors. The LH peak value can be identi®ed by using the highest value

of daily results, as was performed in the present study. However, the

duration and magnitude of the LH surgeÐand thereby the day of the

highest valueÐmay vary. In the luteal phase and in the ®rst half of the

follicular phase, the volunteers were seen every 2±3 days, which may

result in missing values on several days in graphical presentations of

data. For that reason, in some parts of the cycles, data of two

consecutive days (and in the beginning of the second cycle of cycle

days 1±4) were pooled. If results of 2 days were available, only the

value of one of these days was used after random selection. Data are

provided as mean values 6 1.96 SEM (the 95% con®dence interval of

the mean) in Table I and Figure 1. Statistical analysis was carried out

using SPSS (Statistical Package for Social Sciences) for Windows

(release 10.0.7). For comparisons of results from different phases of

the cycle between age groups, the Mann±Whitney U-test was applied.

P-values < 0.05 (two-sided) and < 0.01 were considered statistically

signi®cant and highly signi®cant respectively.

Results

The median body mass index (BMI; body weight/height2) was

the same in both groups (22.7 kg/m2; P = 0.65, not signi®cant).

There was no statistical difference in smoking habits between

the groups, with mean pack-years of smokers and past-smokers

in the older group being 9.2 compared with 7.8 in the younger

group (P = 0.16, not signi®cant). After correction for age, i.e.

calculating from the beginning of smoking until the median age

of the younger group, mean pack-year values were 5.9 in the

older group and 7.3 in the younger group (P = 0.47, not

signi®cant).

Among the 35 younger women, the results of hormonal

determinations and ultrasound of cycle 2 were incomplete in

one woman. This cycle must have been ovulatory because the

woman became pregnant. In the younger group one cycle

(2.9%) was judged as abnormal, having a cycle duration of 16

days and a luteal phase of only 4 days. In the older group, two

abnormal cycles (7.7%) were observed, and both showed a

persisting follicle. The proportion of abnormal cycles in both

groups was not statistically different (P = 0.57). The concep-

tion cycle with missing data, and the three cycles considered

abnormal, were excluded from further analysis. The remaining

33 cycles in the younger age group, and 24 cycles in the older

age group were considered normal ovulatory. A dominant

Table I. Comparison of cycle characteristics, sonographic events and hormonal levels on relevant days of the cycles.

Parameter Age group P

22±34 years (n = 33) 41±46 years (n = 24)

Total cycle length (days) 29.0 6 1.0 26.5 6 1.1 0.001
Length of follicular phase 16.2 6 1.0 12.4 6 0.7 < 0.001
Length of luteal phase 12.8 6 0.7 14.1 6 0.8 0.048
Cycle day of ®rst observation of the dominant follicle 10.5 6 0.9 7.7 6 0.5 < 0.001
Diameter of the dominant follicle just before ovulation (mm) 21.5 6 0.9 19.8 6 1.0 0.011
Late luteal phase inhibin A (pg/ml) 11.4 6 2.8 8.3 6 2.2 NS
Late luteal phase inhibin B (pg/ml) 28.9 6 10.8 17.8 6 4.9 NS
Late luteal phase FSH (IU/l) 4.2 6 0.6 5.9 6 0.8 0.002
Highest level of FSH during the late luteal and early follicular phase 7.1 6 0.9 10.6 6 1.7 < 0.001
Early follicular antral follicle count (AFC) (number) 13.6 6 2.9 4.9 6 1.2 < 0.001
Early follicular mean antral follicle volume (mm3) 55.9 6 10.9 63.0 6 16.2 NS
Early follicular E2 (pmol/l) 186.5 6 22.0 210.0 6 35.6 NS
Early follicular FSH 7.1 6 0.9 10.6 6 1.7 < 0.001
Early follicular LH (IU/l) 4.0 6 0.7 4.8 6 0.8 0.09
Early follicular inhibin A 5.2 6 0.9 4.8 6 1.1 NS
Early follicular inhibin B 94.6 6 21.4 64.5 6 15.9 0.084
Highest level of E2 1571.0 6 167.9 1419.4 6 157.5 NS
Highest level of FSH during the LH surge 14.1 6 1.5 15.7 6 2.5 NS
Highest level of LH 59.3 6 8.3 47.4 6 6.8 0.046
Inhibin B on day of LH peak (pg/ml) 121.7 6 34.3 71.4 6 16.2 0.014
Inhibin B on day after LH peak 185.3 6 39.1 98.5 6 23.4 0.003
Endometrial thickness on day of LH peak (mm) 9.4 6 0.7 9.4 6 0.6 NS
Endometrial thickness 6±8 days after ovulation 10.4 6 0.8 10.8 6 0.9 NS
Progesterone 6±8 days after ovulation (nmol/l) 59.2 6 7.8 73.7 6 13.6 0.08

Values are mean 6 1.96 3 SEM.
NS = not signi®cant.

Cycle disturbances and age-related decline of fertility

497

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/18/3/495/626094 by guest on 28 February 2022



follicle (>10 mm in diameter) was recognized in these 57

cycles; this showed a constant growth of ~1.6 mm per day and

reached a mean diameter of 15.7±26.4 mm before ovulation. In

the follicular phases of these cycles, there was a steady increase

in E2 concentrations.

No LH surge was observed in one cycle; this was in 42-year-

old volunteer who had high levels of FSH and LH present in the

follicular phase. During the luteal phase, progesterone levels

rose to a normal value of 68 nmol/l, but there was no good

reason to consider this cycle as abnormal. Thus, data obtained

from 33 cycles in the younger women, and from 24 cycles in

the older women were compared.

Values of sonographic events and hormonal levels on

relevant days of cycles 1 and 2 of both age groups are

presented in Table I. In general, results in the older age group

were remarkably similar to those in the reference group of

young women. All women in the elderly group ovulated,

though the mean diameter of the dominant follicle just before

ovulation was almost 2 mm less than that in the reference group

women. Some of the differences found were in line with

previously published observations, including a shorter duration

of the follicular phase, elevated early follicular FSH, and a

trend to decreased inhibin B levels in the early follicular phase

of the older age group. The difference of 2 days at the ®rst

appearance of the dominant follicle is in line with the shorter

follicular phase in the older women. In the early follicular

phase, much fewer small antral follicles (2±10 mm) were

observed in the older age group, but without any difference in

their mean volume. The lower LH peak level in the older age

group has not been described previously. In both age groups,

inhibin B levels were increased after the LH peak, whereas

progesterone levels in the luteal phase and endometrial

Figure 1. (1A ± 3C). Small antral (2±10 mm) and dominant follicle diameters (1A, 1B and 1C), estradiol concentrations (2A, 2B and 2C),
and FSH concentrations (3A, 3B and 3C), related to the biphasic basal body temperature (BBT) shift in cycle one (panel A), to the start of
the menstrual period in cycle two (panel B), and to the LH peak in cycle two (panel C). Data points represent means 6 1.96 SEM. s =
22±34-year age group; d = 41±46-year age group. *P < 0.05; **P < 0.01.
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thickness either did not differ at all or were perhaps slightly

higher in the older age group.

The results of hormone measurements, and the diameters of

small antral and dominant follicles are presented in Figure 1, in

relation to the three time-markers as de®ned. Results of the

luteal phase in the ®rst cycle are shown in relation to the rise in

BBT, with results of the follicular phase in the second cycle

plotted from the start of the menstrual period as well as in

retrospect from the day of the LH peak level in order to correct

for the observed difference in the length in the follicular phases

between the two age groups.

The dominant follicle can be observed from cycle day 8 in

the older age group, and from day 10 in the younger age group.

On the corresponding days of the cycle (Figure 1, 1B), the

mean follicle diameter in the older group exceeds that of the

younger women, and seems to be advanced in the older group

by about 2 days relative to the younger group. However, when

the diameters are grouped in relation to the LH peak (Figure 1,

1C), the development of the dominant follicle appears to be

remarkably similar except for the last 3 days when growth in

the older women slows down slightly. As a result, in the older

women the dominant follicles are 2 mm smaller, on average, on

the day before ovulation (Table I).

The evolution of E2 levels was in complete agreement with

the growth pattern of the dominant follicle (Figure 1, 2B and

2C).

Mean FSH levels in the midluteal phase (7 days after the

BBT-shift; Figure 1, 3A) showed comparable low values,

rising thereafter both earlier and higher in the older age group.

This earlier rise in FSH was also present on the combined cycle

days 1±4, followed by a rise in the younger age group (Figure 1,

3B). During the following days all FSH levels declined, which

concurred with the identi®cation and subsequent growth of the

leading follicle, and rising E2 levels. The gradual rise after

cycle days 7±8 in the older, and after cycle day 12 in the

younger group was caused by the FSH surge which accom-

panies the LH surge that occurs much earlier in the older group.

In relation to the LH peak level as a time-marker (Figure 1,

3C), the late luteal and early follicular FSH rises could be seen

9±10 days before the day of the LH peak (day 0) in both groups.

LH levels did not differ between the two age groups, except

for a lower peak level during the LH surge (P < 0.05) in the

older group.

Discussion

The primary aim of the present study was to collect data from a

younger age group of fertile women, to be used as a reference

for an older group. The younger women were considered to

have normal cycles unless de®ned abnormalities were encoun-

tered. Reference groups have been reported in the literature,

and in some studies the criteria for normality have also been

de®ned (van Zonneveld et al., 1994). It has been suggested that

conception cycles are the `gold standard' for normality, though

reports on large series are lacking. In addition, in such `ideal'

cycles the hormone levels and sonographic ®ndings may vary

widely. For example, ovulation of a 13 mm follicle may result

in a normal pregnancy (van Zonneveld et al., 1994). Moreover,

the occurrence of pregnancy is dependent on many female and

male factors. It is likely that, on the one hand, many `ideal'

cycles never result in a pregnancy, perhaps because of

suboptimal timing of intercourse, whilst on the other hand

women with suboptimal cycles may conceive, provided that all

other contributing factors are perfect. The occurrence of

pregnancy is the result of a complex and multifactorial process,

and it is easily possible that the achievement of clear-cut and

generally applicable criteria of cycle normality is an impossible

goal. In the present study, the cycles of the younger volunteers

were considered to be a reasonable reference group since all

had previously succeeded in achieving a spontaneous preg-

nancy within one year. In both age groups, cycles were found in

which the dominant follicle ruptured at smaller diameters (16.3

and 16.7 mm in the younger group; 15.7 and 16.7 mm in the

older group) compared with a diameter reported in the

literature as `normal' (17±25 mm) (O'Herlihy et al., 1980;

Zegers-Hochschild et al., 1984; Eissa et al., 1986). In some

cycles the LH peak level remained relatively low, but criteria

for a normal LH surge have never been established. Midluteal

progesterone levels have not always reached the `normal' level

of >32 nmol/l in younger women (Hull et al., 1982; Hamilton

et al., 1987; van Zonneveld et al., 1999), and the signi®cance of

the progesterone level in cycles that are ovulatory is unknown.

There is convincing evidence available which indicates that

the fertility of women aged >40 years is seriously decreased

(Bongaarts, 1982; Wood, 1989; Holman et al., 2000), and the

second aim of the present study was to seek an explanation for

this phenomenon. The results obtained do not provide obvious

clues, however, as the majority of women had seemingly

normal, ovulatory cycles with normal estradiol and progester-

one levels. In addition, the growth curves of the dominant

follicle in both older and younger women were very similar

until some days before ovulation. The diameter of the dominant

follicle before ovulation was slightly smaller in the older

Figure 2. Time relationships of progesterone (dotted line), the
luteo-follicular FSH rise (solid curved line), the period of follicle
growth (grey rectangles), ovulation (O) and onset of menstrual
periods (M) in an older (41±46 years) compared with a younger age
group (22±34 years). Arrows represent follicular development.
Straight arrows indicate growth of a dominant follicle; right-angled
arrows indicate regressing follicles.
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women, but whether this is an indication of diminished follicle

quality is unclear.

In the older women, the follicular phase of the menstrual

cycle was shorter, and in this group the dominant follicle could

be identi®ed earlier. Whether the dominant follicle has a faster

growth rate in older women (`accelerated growth'), or starts

earlier (`advanced growth') (Thatcher and Naftolin, 1991;

Klein et al., 1996a) is a matter of debate in the literature. The

present data clearly support the latter point of view because the

growth pattern of the dominant follicle, as well as the pattern of

the rise in estradiol in the follicular phase (see Figure 1, 1B/1C

and 2B/2C), barely differ between older and younger women.

In case of an `accelerated' follicle growth, a steeper slope of

both the graph of dominant follicle growth and E2 rise would

have been expected in the older group. The shift in time of

follicle development resulting in a shorter follicular phase in

the older age group might be explained by the earlier FSH rise

in the luteal phase of the preceding cycle (Figure 1, 3A/3B). As

a result, a dominant follicle is selected from the cohort of small

recruitable follicles, and stimulated to further growth several

days earlier than in the younger group. This concept is shown

in Figure 2.

The earlier rise of FSH in the luteal phase of older women

may be related to a declining production of inhibin A by the

corpus luteum (Danforth et al., 1998; Reame et al., 1998;

Santoro et al., 1999; Welt et al., 1999). A rather strong negative

correlation was found between inhibin A and FSH levels in the

late luteal phase (combining both groups, r = ±0.536; P <

0.001), although the difference between older and younger

women of inhibin A levels at the late luteal phase, did not reach

statistical signi®cance (Table I).

Inhibin B levels showed a sharp increase on the day after the

LH peak level compared with the previous day (Table I) in the

younger (P = 0.006) and in the older (P = 0.036) groups. Such a

rise has been previously described (Groome et al., 1996), and it

has been suggested by others (Speroff et al., 1999) that this is a

result of release from the ruptured follicle. However, ovulation

is not a prerequisite, as a clear rise has also been demonstrated

to occur within 24 h after the induction of an arti®cial LH and

FSH surge by a single injection of a GnRH-agonist during the

early follicular phase (Scheffer et al., 2000). This ®nding is

supportive of the small antral follicles serving as a source for

this inhibin B.

An advanced start of a cohort of early antral follicles in older

women occurs in the presence of a still-functioning corpus

luteum (Figure 2). It is possible that the environment for the

development of pre-antral follicles during this phase of the

cycle is suboptimal. A second mechanism which may explain

the diminished follicle quality in older women is the `limited

oocyte pool model' (Warburton, 1989). This hypothesis

assumes that the dominant follicle, selected from the cohort

of pre-antral follicles, is the one which bene®ts longest and

most from the favourable effect of FSH during the FSH

window. As the number of pre-antral follicles decreases (in the

present study from a mean number of 13.6 in women aged <34

years to 4.9 in women aged 41±46 years), it becomes less likely

that a follicle will be present at the beginning of the FSH

window. Consequently, the follicles of older women more

often are not quite ready or almost too late when selected for

further growth in comparison with follicles of younger women

(Figure 2). Oocytes of older women, therefore, may be more

likely to undergo non-disjunction at the ®rst meiotic division.

Moreover, assuming that follicles of different quality appear in

the FSH window, it is more likely that a high-quality follicle is

selected from a cohort of 13 (younger women) than from four

(older women) follicles.

It is concluded that in spite of a dramatically decreased

number of recruitable antral follicles, follicle development,

hormonal events and endometrial growth are remarkably

undisturbed in older women. Apparently, a grossly decreased

number of antral follicles does not result in cycle disturbances

until after the age of 45±46 years. Because an equal

endometrial thickness is present in both age groups, the

involvement of a uterine factor seems unlikely. In addition, in

oocyte donation the pregnancy rates depend mainly on the age

of the donor, not of the recipient (Sauer et al., 1993). However,

some decrease in uterine receptivity with age may be present.

In recipients aged >40 years, implantation rates using oocytes

from young donors could be enhanced by applying supraphy-

siological progesterone replacement (Meldrum, 1993). The

clear reduction in fertility of aged women is most likely

explained mainly by a decrease in oocyte quality, as is re¯ected

by an increase of chromosomal aberrations in the oocytes

(Brook et al., 1984; Gaulden, 1992; Eichenlaub-Ritter, 1996)

and embryos (Warburton et al., 1986; MunneÂ et al., 1994;

Holman et al., 2000) of older women. However, as stated

above, it cannot be excluded that a decrease in oocyte quality

may be the result of a decreased quality of the follicle.

There is some evidence that an advanced start of follicle

development, as shown in older women, can be manipulated.

One group (Le Nestour et al., 1993) showed in healthy

volunteer women that the inter-cycle FSH rise can be delayed

by administering physiological amounts of estrogens. In this

way (hypothetically), in older women the recruitment of a new

cohort of follicles, and the selection of a dominant follicle, can

be pushed forward from the late luteal phase of the preceding

cycle into the early follicular phase. This would result in a

situation resembling that in younger women. However, whether

such an approach would enhance the quality of the cohort of

follicles and of the dominant follicle emerging from this cohort,

resulting in a more fertile cycle, remains to be con®rmed.
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